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Abstract 

When the COVID-19 global pandemic began in 2020, Manitoba teachers adapted their courses to 

modes of delivery which included remote teaching from home or school; blended learning; and 

other levels of restricted teaching. The pandemic impacted teaching and learning at all grade 

levels, however, impacts for Grade 9 and 10 science students are of particular significance as 

these students had limited opportunity to engage in the kinds of practical work needed to develop 

functional scientific literacy while enrolled in Manitoba’s final mandated science courses. 

During this time period and within the constraints of changing protocols, science teachers’ 

choices regarding the curricular units and learning outcomes they prioritized and how they taught 

are likely to have impacted student development of scientific literacy. Data was collected over a 

four-month period in this two-phase mixed methods case study: in the first phase, through an 

anonymous online survey of Manitoba Grade 9 and Grade 10 science teachers with teaching 

experience in these courses prior to and during the pandemic (N = 58); and in the second phase 

through follow-up interviews of a sub-sample of teacher respondents (n = 11). The study 

followed a sequential explanatory design, with an integrated interpretation of the two forms of 

data and their results. Guided by the research questions, the findings from this study afford 

knowledge to prepare for future periods of disrupted science education and for other situations 

where practical learning might be restricted; support a vision for increased access to science 

education in remote communities; and offer insights into teachers’ beliefs about what is most 

important for Grade 9 and Grade 10 science students that can inform professional learning 

initiatives and curriculum development. The collective contributions of Manitoba Grade 9 and 10 

teachers united in teaching scientific concepts, skills and attitudes through constraints imposed 

by the COVID-19 pandemic confirm value for practical and collaborative opportunities to learn 
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science as reported in the key scholarship; and expose agency for instructional approaches to 

prepare a scientifically literate citizenry for the 21st century. 

 

Keywords: COVID-19 pandemic, secondary science, scientific literacy, practical work, 

remote learning 
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Chapter I: Context of the Study 

With the closure of Manitoba school buildings in response to the World Health 

Organization's announcement of the COVID-19 global pandemic on March 11, 2020, teachers 

were left to rapidly shift and adapt their courses to a remote delivery mode from their homes for 

the remainder of the school year. When school buildings opened in September 2020, a blended 

learning model where students attended classes every second day was adopted by most Manitoba 

high schools. This continued through May 2021, after which provincial safety guidelines 

mandated remote learning for the remainder of the school year. In-class learning for all students 

began in September 2021, however remote learning was again mandated in January 2022. When 

in-class learning resumed again in late January 2022, it remained through June 2023, when the 

emergency phase of the pandemic ended.  

From my high school science teaching experience during the COVID-19 pandemic and 

from dialogue with other science teachers in Manitoba, it was my understanding that curricular 

and pedagogical choices were constrained as a result of the pandemic, at least in some school 

divisions. Throughout the periods of remote learning, blended learning, and return to daily in-

class learning in 2022, ongoing pandemic safety protocols limited what science educators taught 

and how they taught their courses. Physical distancing reduced or eliminated opportunities for 

group investigations and experiments, group project design and testing with discussion, team 

debates, presentations and in-person conferencing. Other safety protocols including routine 

sanitizing of desks, chairs and laboratory equipment; quarantining requirements for paper copies; 

and student scheduling designed to minimize hallway congestion further crippled “hands-on” 

experiential learning opportunities by reducing actual in-class time. 
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As the COVID-19 pandemic continued and teachers negotiated learning outcomes and 

activities amid pandemic protocols that restricted practical learning opportunities in science 

classrooms, the implications of teachers’ pedagogical decisions for the development of student 

scientific literacy during this period was of special interest, inasmuch as practical learning 

activities that foster “essential aspects of science” including scientific and technological skills are 

vital for students to develop scientific literacy (Manitoba Education and Training [MET], 2000, 

p. 2.3). Moreover, the complex cognitive and metacognitive processes necessary to advance the 

development of scientific literacy demand practice (Natale et al., 2021). Given the importance of 

practical work to develop conceptual understanding, skills and attitudes in science, the 

opportunities for students to achieve functional scientific literacy may have been hindered during 

the COVID-19 pandemic. It was therefore important to find out what pedagogical choices 

Manitoba teachers made regarding how they teach science, and which learning outcomes they 

prioritized throughout this period. As such, this study was designed to investigate the 

pedagogical choices made by Manitoba Grade 9 and 10 science teachers during the COVID-19 

pandemic - what they chose to teach and how they taught it, and to discuss the potential 

implications of these choices to the development of students’ scientific literacy. 

Research Questions 

The main research question guiding this study was: “How do the curricular content and 

pedagogical approaches prioritized by Manitoba Grade 9 and 10 science teachers during the 

COVID-19 pandemic impact their potential to advance student scientific literacy?” There were 

two phases in this study, each with two sub-questions. Phase I was when the survey was 

administered while Phase II was when the teacher interviews were conducted. Each sub-question 
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focused on aspects of teachers’ pedagogical decisions during the COVID-19 pandemic and was 

designed to help answer the main research question. 

Phase I Sub-Questions 

1. What curricular units and learning outcomes did Manitoba Grade 9 and Grade 10 

science teachers prioritize, prior to and during the COVID-19 pandemic? 

2. Which Grade 9 and Grade 10 science learning outcomes were taught through 

practical work prior to the pandemic and which ones were taught through alternative 

activities amid school lockdowns and restrictions during the pandemic? 

Phase II Sub-Questions 

1. In what ways did teachers limit and/or adjust practical learning opportunities for 

Grade 9 and Grade 10 science students during the pandemic?  

2. How did teachers perceive alternatives to practical learning activities as a means of 

effectively promoting scientific literacy? 

Purpose and Significance of the Study 

As the development of scientific literacy requires practical work with specialized 

equipment and opportunities to practice the nature of science (Bencze et al., 2020), the decisions 

teachers made while teaching Grades 9 and 10 science under the strain of pandemic lockdowns 

and restrictions may have important implications for these students. As teachers rapidly and 

frequently adjusted their teaching to meet pandemic protocols, the units and learning outcomes 

they prioritized and their approaches to foster scientific literacy without practical, experiential 

components while developing and testing alternative learning opportunities are important for 

science educators to consider.  
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The COVID-19 pandemic impacted science teaching and learning at all levels, but as 

Grade 9 and Grade 10 science are the final mandated science courses in the province (Manitoba 

Education and Youth [MEY], 2003), teachers’ pedagogical decisions in these grades are 

arguably of particular importance as students may choose to end their formal science education 

with these courses.  

Data collected from Grade 9 and Grade 10 science teachers regarding pedagogical 

decisions during the pandemic offer insights into the impacts of these decisions on students’ 

opportunities to learn scientific literacy content, skills and attitudes, as per definitions of 

scientific literacy in the literature. Because students’ scientific literacy helps them to select, 

analyze and use information to back up their thoughts as they judge, position themselves, decide 

and/or act with relevant issues in their daily lives, it is extremely necessary for all citizens to 

become scientifically literate (Maia et al., 2021). Moreover, scientific literacy knowledge, skills 

and attitudes are critical for a sustainable future —for human health, environment and economy, 

and overall quality of life (MEY, 2003). 

The findings of this study might also intertwine with the myriad of alternative ways of 

teaching and learning that made their way into classrooms throughout the pandemic. For 

instance, information about the alternative teaching approaches teachers created in response to 

restricted practical learning opportunities during the pandemic and their effectiveness in 

supporting student development of scientific literacy may be useful for teachers in similar 

emergencies. Moreover, the findings of this study may benefit science teachers in other settings 

where practical learning is simply not feasible, such as when students are unable to attend 

school, or school infrastructures do not support laboratories or specialized equipment. Likewise, 

the research findings may be of interest for the development of supports to increase access to 
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science education in remote communities, or for adult education centers and adult learners in 

distant/remote communities pursuing high school equivalency. 

Further, the findings might add to the K-12 online, remote, and blended learning [BL] 

literature that has captured research attention and may persist in circumstances beyond the 

pandemic (Kumi-Yeboah et al., 2018), but whose growth “out-paced the production of reliable 

and valid research” (Harrell & Wendt, 2019, p. 259). Additionally, since “much can be learned 

about science teaching and learning in relation to our response to COVID-19” (Verma et al., 

2020, p. 487), examining the curricular units and learning outcomes teachers prioritized during 

restricted periods of learning offers insights into the learning outcomes teachers believe are most 

important for Grade 9 and Grade 10 science learners. These insights may also inform curriculum, 

practice and policy (Kim & Asbury, 2020). Information about what teachers did teach in Grade 9 

and Grade 10 science during the pandemic, and by extension what they did not teach, may also 

be useful to inform teachers of the critical scientific concepts, skills and attitudes they might 

address in earlier grades. 

Finally, this study allowed science teachers the opportunity to reflect on the pedagogical 

decisions they made throughout the pandemic and on the effectiveness of their teaching 

approaches, and to assess alternative learning opportunities to advance scientific literacy whether 

practical work was restricted or not. As such, the collective responses of Grade 9 and Grade 10 

science teachers revealed insights into perceived successful or unsuccessful approaches to the 

development of scientific literacy, and inspired teacher agency and new pedagogy to foster it. 

Overall, multiple stakeholders, including science students, science teachers, curriculum writers 

and other researchers stand to benefit from this research. 
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Chapter II: Literature Review 

Scientific literacy is central to this study and its relevance to science education and 

students’ lives are described in this chapter, by examining: definitions of scientific literacy; 

development of functional scientific literacy; learning theories in science education and the 

development of scientific literacy including experiential and active learning; scientific literacy 

within the Manitoba curriculum, the five foundations for scientific literacy and learning 

outcomes; pedagogy in remote and restricted science education; and remote teaching and 

learning in science disciplines during the COVID-19 pandemic. 

Scientific Literacy 

Although the term “scientific literacy” has been in use for over half a century (Lederman 

et al., 2014, p. 285), views on scientific literacy have developed over time. Current perspectives 

in science education for achieving scientific literacy have been chosen to ground this research.  

Science education scholars contend that a main goal of science education is to promote scientific 

literacy by fostering the development of knowledge and critical thinking necessary to make 

informed and personal decisions on societal issues, and to solve 21st century problems such as 

those of the COVID-19 pandemic (Lederman et al., 2014; Maia et al., 2021; Natale et al., 2021) 

or, simply put, “to embody what students are learning in science in order to act and live in the 

world” (Price & McNeill, 2013, p. 503). It is well recognized that only a small number of 

students will actually become scientists, but everyone needs to understand some fundamental 

ideas in science and how science works in order to critically navigate science and technology in 

their lives, consider the claims made by scientists, governments and organizations, and engage 

with scientific issues reported in the media (Murray, 2014).  
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There is no fixed meaning or definition of scientific literacy. The enduring concept in 

science education discourse is drawn from long term debates around meaningful learning, 

student engagement, context-driven and relevant student-centered activities, and curriculum 

design (Loughran, 2011). Furthermore, chasing the vision of scientific literacy for students 

“brings into question not only what is taught, but also how it is taught – and that is when 

academic debate really can impact the work of teachers… what does it mean for how they 

conduct their teaching?” (Loughran, 2011, p. 141). I agree with Feinstein (2011) who notes that 

fostering scientific literacy is fundamentally about making science relevant and practical, and 

“not something that the teacher does alone, but rather something that students learn to do” (p. 

180). Others also maintain that putting students in the center of the learning process into local 

and authentic inquiry where they engage in science practice rather than just learning about 

science is key to developing scientific literacy (Crujeiras-Pérez & Jiménez-Aleixandre, 2017). 

Moreover, scientific comprehension and reasoning skills are known to improve through active 

learning approaches and experiential engagement (Beauchamp et al., 2021; Valladares, 2021). 

Contemporary science education literature reveals that to develop scientific literacy students 

must have opportunities to: investigate socio-scientific problems to extend learning beyond 

concepts, theories and scientific laws; understand how knowledge is constructed and legitimized 

within scientific logic; and apply scientific knowledge, attitudes and skills while conducting 

routine scientific practice as scientists do (Natale et al., 2021). Since scientists unite conceptual 

and procedural knowledge to confront authentic problems, Hodson (1993) argues that scientific 

literacy is best achieved when science education presents a similar approach and when students 

have opportunity to conduct research; to practice skills; to think critically and reflectively; and to 

make higher order decisions (Duran et al., 2016).  
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Drawing on this literature, in this study I adopt the perspective that scientific literacy is 

further developed when students acquire conceptual and procedural knowledge through authentic 

learning environments where they have opportunity to practice critical thinking and skills. I think 

of authentic environments and practices as those that allow students to utilize thought processes 

and develop procedural knowledge while they engage in investigations to demonstrate 

conceptual conclusions that are already known. Scientific literacy requires conceptual knowledge 

that goes beyond learning scientific concepts and includes procedural knowledge or essential 

skills to understand and participate in science and to achieve personal and societal goals (Croce 

& Firestone, 2020; Singh-Pillay & Naidoo, 2020; Valladares, 2021). Traditionally referred to as 

lab-based or field-based hands-on work, science educators often refer to such procedural 

knowledge acquired through performing as “practical work” (Hodson, 2014, p. 2538; Vanhorn et 

al., 2019). “Scientific practices extend well beyond cognitive operations to most vividly involve 

practical work, technical skills and material resources” (Allchin, 2014, p. 1925); indeed, greater 

understanding of science is achieved when technical and procedural skills are developed through 

hands-on laboratory experience (Ożadowicz, 2020). Studies comparing experiential learning to 

lecture based learning in STEM (Science, Technology, Engineering and Mathematics) courses 

confirm that hands-on learning positively correlates with enhanced academic achievement 

(Anderson et al., 2020; Cohen Zilka, 2021). Opere (2021) explicitly describes how an approach 

to teaching science that neglects to provide experimental learning experiences, does not integrate 

students’ ideas, or excludes skills that are critical to proper interpretation of scientific concepts 

might be flawed. In fact, the recent reimaging of scientific literacy emphasizes that practical 

work now constitutes an integral part of achieving it (Croce & Firestone, 2020).  
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Given the focus of my study, in the next sections I consider: how limitations to practical 

work may impact student development of functional scientific literacy; how scientific literacy is 

framed within the Manitoba science curriculum documents; how teaching science throughout 

fluctuating periods of remote, blended and restricted in-class learning levies pedagogical 

challenges for fostering scientific literacy; and important findings from empirical studies in 

science education related to teaching and learning throughout the COVID-19 pandemic. 

Developing Functional Scientific Literacy 

The notion of “functional” scientific literacy is captured by Croce and Firestone (2020). 

They envision scientific literacy as a social and international inquiry process that requires 

contextually positioning practical work within scientific inquiry (SI) including systematic and 

investigative approaches used to answer questions of interest. Within the nature of science 

(NOS)—where scientific knowledge is socially and culturally embedded—there is a need to 

cognitively engage students in meaningful long-term learning (Allchin, 2014). Allchin (2014) 

reports the importance of NOS in supporting functional scientific literacy has earned its place in 

curriculum standards internationally alongside laboratory skills and experimentation in SI 

instruction (Allchin, 2014; McBride et al., 2004). Multiple scholars support this perspective, and 

propose that in addition to practical skill building within NOS and SI instruction, using socio-

scientific issues (SSI) such as vaccine development and distribution during a pandemic to frame 

authentic learning activities can provide deeper understandings and conceptualizations that 

contribute to the development of scientific literacy (e.g., Bencze et al., 2020; Maia et al., 2021; 

Moura, 2025), among others. Some scholars suggest functional scientific literacy should be the 

goal of science education, as all students must become “competent outsiders” equipped with 

knowledge and the best tools to evaluate the credibility of scientific information they encounter 
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in today’s world and media, even if the science is beyond their understanding (Osborne & 

Pimentel, 2022, p. 246). 

Interest in the role of social interactions in the process of scientific literacy teaching and 

learning pervades recent science education literature (Croce & Firestone, 2020; Moura, 2025; 

Osborne & Pimentel, 2022). Frequently, this is presented in tandem with the necessity of 

multimodal learning opportunities that enable students to develop the knowledge, skills and 

attitudes to understand local, national and global scientific issues to develop functional scientific 

literacy. To become functionally literate, students must also learn how to interpret and 

communicate science through text, graphs, diagrams, photographs, dialogue and their actions 

while synthesizing and defending ideas; and to accommodate new information as they reframe 

concepts and critically engage with science (Croce & Firestone, 2020; Maia et al., 2021). 

Furthermore, the scientific literacy “for all” advocated in science education research and 

international policy initiatives is geared toward advancing student capabilities to creatively 

transfer knowledge, skills and values to new situations and across disciplines (Erduran et al., 

2012). Valladares (2021) contends this is necessary to empower students with personal and 

collective agency to cope with the challenges of the 21st century; which Moura (2025) suggests is 

compulsory to build a citizenship inspired to face unexpected challenges as innovative, adaptable 

and resilient problem solvers. 

As the standard of scientific literacy and pedagogy to achieve it have evolved, some 

prominent interdisciplinary frameworks have emerged in addition to SI and NOS, such as 

project-based learning (PBL) and place-based education (PBE). While PBL scholars describe the 

potential of this approach to enhance functional scientific literacy as students investigate, 

collaborate and deliberate interesting, relevant questions that connect curricular knowledge with 
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procedural knowledge and skills (Croce & Firestone, 2020; Juuti et al., 2021), PBE scholars 

propose that scientific literacy is enhanced even further when these authentic questions emerge 

in students’ local “places” or home communities (Kim et al., 2019). They maintain that 

meaningful context fosters engagement through cognitive, affective and social aspects to 

promote functional scientific literacy (Tal, 2013). Collectively, such frameworks offer students 

an incomparable opportunity to “do science” with questions grounded in what they know and 

care about, while motivating their interest and engagement in the interplay of theory, design and 

evidence beyond what standard laboratory exercises might provide (Hodson, 2014).  

Functional scientific literacy is continuously developed, in small steps, through the 

interconnection of critical thinking, self-awareness-raising, critical positioning, and decision-

making (Allchin, 2014; Almeida et al., 2022). Almeida et al.’s embedded inclusion of “self-

awareness-raising” as a quality of functional scientific literacy adds metacognition to the science 

education repertoire of important elements required for its achievement. Recent evidence from 

Mutambuki et al. (2020) shows that when chemistry students are engaged in metacognitive 

activities to think about their learning, they display improved conceptual understanding and 

complex problem-solving abilities, along with increased self-efficacy, motivation, persistence 

and retention in chemistry. Students benefit from opportunities to make the necessary 

connections described above, and to think and act critically, which is afforded when science 

learning is situated within current and relevant issues, such as the anthropogenic influences on 

climate change, for example (Allchin, 2014). If students are equipped with knowledge of 

science, NOS and SI; have opportunity to practice conceptual and procedural understandings 

within the context of SSIs, PBL or PBE; and make informed decisions about meaningful issues, 

they can develop critical or functional scientific literacy (Calabrese Barton & Tan, 2014; 
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Lederman et al., 2014; Mueller & Zeidler, 2010)—“the sine qua non of what it means to be 

scientifically literate” (Allchin, 2014, p. 1914). 

Learning Theories in Science Education and the Development of Scientific Literacy  

This study is grounded on current approaches to scientific literacy and the notion that, for 

students to become scientifically literate, they require opportunities to practice science to learn 

essential scientific and technological concepts, skills and attitudes. That is, to be a scientifically 

literate citizen, one requires conceptual, procedural and investigative knowledge and skills; 

students do not learn science and do not become scientifically literate by only doing science. 

Thus, although compelling, Hodson’s (1993) view that “Science brings about three kinds of 

learning”: enhanced conceptual understanding; enhanced procedural knowledge; and enhanced 

investigative expertise (pp. 125-126), science educators must also remember that “one cannot 

learn enough about science by restricting activities to doing science…[as] scientific practice is a 

complex, socially constructed activity” (p. 126); nor can one learn to do science through a 

prescribed set of processes to be applied in all situations (Hodson, 2014).  

Learning theories accompanying the necessity of practical work to develop scientific 

literacy include experiential learning theory and active learning theory, which draw on the work 

of many scholars who gave experience a central role in their theories of human learning, such as: 

William James, Mary Parker Follett, John Dewey, Kurt Lewin, Jean Piaget, Lev Vygotsky, Carl 

Jung, Paulo Freire and Carl Rogers (Kolb & Kolb, 2012; Petersen & Kolb, 2018). Experiential 

learning and active learning are both relevant to this study, so I have provided an explanation of 

each while emphasizing distinguishing features. 
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Experiential Learning 

 A spectrum of meanings, practices and ideologies associated with experiential learning 

have unfolded since its 1946 origin (Moon, 2004; Seaman et al., 2017), when it was reified as a 

naturally occurring, psychological process and converted from a practice to a theory. A general 

definition was established: “An independent learner, cognitively reflecting on concrete 

experience to construct new understandings, perhaps with the assistance of an educator, toward 

some social goal of progress or improvement” (Fenwick, 2001, p. 7). Elements of experiential 

learning theory align with Vygotsky’s sociocultural learning theory, where the teacher organizes 

interactive educational activities in which social knowledge is created (Daniels, 1993). While 

each of these distinct theories emphasize that learning requires meaningful participation in 

experiences and learners do not acquire information passively, experiential learning can occur 

outside of a social or cultural context.  

According to Petersen and Kolb (2018), “it is not experience, but experiencing that is the 

source of learning” (p. 228) and the change in an individual that results from their reflection on a 

direct experience (Itin, 1999; Seaman et al., 2017). This reflection draws upon prior knowledge 

(Kuk and Holst, 2018), as we might for example reflect upon experiencing childhood injuries 

that taught us valuable lessons and saved us from further injury. Petersen and Kolb (2018) 

emphasize that learning results when meaning is found from deep involvement in experience, 

and “without new experiences there can be no real learning; people only recombine and reiterate 

what they already know” (p. 228). Dale (1970) posits concrete, direct, firsthand experiences are 

the foundation of learning, and “the bedrock of all education” (p. 98). Moreover, argues Dale, 

remembering and abstracting direct, purposeful experiences enhances conceptual understanding. 

As science educators introduce new technical and procedural skill-building experiences and 
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student thinking extends beyond cognitive operations and scientific concepts, greater 

understanding of science is achieved and scientific literacy is advanced (Allchin, 2014; Britt et 

al., 2014; Croce & Firestone, 2020; Singh-Pillay & Naidoo, 2020). 

While students develop functional scientific literacy through diverse learning 

experiences, it is important to recognize not every experience results in learning, but rather the 

relationship between experience, reflection based on prior knowledge, and resulting learned 

experience, which constitutes experiential learning (Kuk and Holst, 2018). Moon (2004) echoes 

the difference between having an experience and learning from experience, while expressing 

concern with the assumption that learning can result from any experience and emphasizing that 

experiential learning takes place without the direct mediation of a teaching process. Other 

scholars indicate action, reflection, abstraction and application are necessary for experiential 

learning: “The change in an individual results from reflection on a direct experience that results 

in new abstractions and applications” (Seaman et al., 2017, p. 18). In agreement with this 

literature, with Manitoba curriculum documents identifying Grade 9 and Grade 10 learners as 

increasingly capable of abstract thinking (MET, 2000; MEY, 2003), I believe that experiential 

learning is of critical importance for Grade 9 and Grade 10 students in preparing a scientifically 

literate citizenry capable of applying new abstractions to 21st century problems demanding 

scientific expertise and solutions. 

 New experiences to foster learning scientific literacy concepts, skills and attitudes 

require a certain amount of practical work. Eighty-five years ago, Dewey proposed that in order 

to learn, our “habitual experience must be interrupted by deep experiencing, such as when we are 

stuck with a problem or difficulty or struck by the strangeness of something unusual outside of 

our usual experience” (Petersen & Kolb, 2018, p. 228). Manitoba Education reflects this idea in 
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their statement, “Experiences of intense involvement are optimal opportunities for teaching 

engagement in learning” and students should have regular exposure (MET, 2000, p. 21). Since 

“understanding by its very nature, is related to action” (Layton, 1991, p. 43), further 

investigation between theory and action is needed.  

Of great significance to this research, is Layton’s (1991) perspective that technical skill 

must be learned experientially; technological judgements cannot be based on theoretical 

knowledge alone. Layton argues that students can only deconstruct and reconstruct scientific 

knowledge when they have opportunities for practical action. Yang et al. (2021) defend this 

“theory of learning-by-doing” as they confirm students deepen and broaden their understanding 

of problems with hands-on practice, as they connect their understanding in their minds by 

“doing" (p. 384). Practical action is essential for students to learn science, and many pedagogical 

approaches suggest the need for practical elements in science learning. For instance, some 

theorists maintain that cognitive strategies associated with practical work in science education 

include discrepant events or cognitive dissonance, which stems from Piaget’s idea that learners 

require a “jolt out of their ordinary way of looking” when they perform some relevant action 

(Agarkar, 2019, p. 852). Agarkar (2019) describes other significant theoretical influences in 

science education grounded in Vygotsky’s view of constructivism where learners engage in a 

problem to construct new knowledge, often through practical experiences in a sociocultural 

context. For instance, science students might engage in constructivist learning through project-

based learning (PBL), which requires students to engage in real-world activities to assimilate 

knowledge through investigation, explanation and discussion; or through inquiry-based learning 

in which students question, predict, observe, infer, measure, classify, experiment, collect, 

analyze and interpret data while developing fundamental attitudes of curiosity, skepticism, and 
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creativity that are foundational to scientific literacy (MET, 2000; MEY, 2003). Constructivist 

approaches for teaching science often include grounded learning cycles such as the three stage 

SCIS (Science Curriculum Improvement Study) cycle, which contributed to the development of 

one of the most widely used learning models, the BSCS (Biological Sciences Curriculum Study) 

5E learning cycle (Withers & Schinske, 2016). Numerous studies report that learning gains are 

acquired when science teachers utilize all five stages of the 5E learning cycle: engagement, 

exploration, explanation, elaboration and evaluation (Suardana et al., 2018). These scholars 

describe how a more recent bookending expansion of 5E, the 7E learning cycle, augments with 

elicitation of students’ own knowledge and with extension, where students relate and apply their 

learning to everyday life—each seen as essential for developing functional scientific literacy. 

Other scholars present learning cycles that align with 7E and are relevant in experiential 

science education including Petersen and Kolb (2018) who highlight “experiencing” as both a 

mode of learning among four modes of the learning cycle (originally proposed by Kolb, 1984), 

and as a style of learning among nine styles. The four modes in Peterson and Kolb’s experiential 

learning cycle are: experiencing, reflecting, thinking and acting, which are holistic and involve 

affective, perceptual, cognitive and behavioral aspects of an individual. A concrete experience 

demands reflective observation to find meaning that will engage abstract thinking, and lead to a 

decision to act. Nine learning styles described to support this action and accompany the four 

modes are: experiencing, imagining, reflecting, analyzing, thinking, deciding, acting, initiating, 

and balancing (Petersen & Kolb, 2018). Qualities of these nine styles of learning that are of 

importance to developing scientific literacy include: creating meaning through observation and 

reflection; integrating and systematizing ideas; disciplined involvement in abstract reasoning and 

logic; goal directed action integrating people and tasks; and flexible and adaptive decision 
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making. When analyzing interview data in this study, I considered these four modes and nine 

styles to seek understanding of teachers’ decisions for promoting scientific literacy. Petersen and 

Kolb (2018) also tell us one’s individual preference of learning style ultimately promotes 

learning habits or patterns which draw on some parts of the learning cycle over others, and 

influences how we view current situations, or perceive and decide future choices. Moreover, 

reflecting on learning style, habits or patterns is a powerful form of self awareness which is a 

critical component of metacognition and central to active learning theory.  

Active Learning  

Robertson (2018) defines active learning as “any type of instructional method which 

engages students in their learning process and requires meaningful learning activities, requiring 

students to think about what they are doing (metacognition)” (p. 20). Although these learning 

activities are not limited to being kinesthetic in nature, in order for students to develop functional 

scientific literacy, they require this active engagement in their learning process. Vanhorn et al. 

(2019) describe the progression of active learning theory through the visions expressed by 

several scholars, indicating this mode of learning “involves students doing things and thinking 

about the things they are doing” (p. 19). Prince’s (2004) view that students need to embrace their 

role and thoughtfully engage in thinking about what they are learning is illuminated in 

Chickering and Gamson’s (1987) definition of active learning:  

Learning is not a spectator sport. Students do not learn much just by sitting in 

classes listening to teachers, memorizing prepackaged assignments, and spitting 

out answers. They must talk about what they are learning, write about it, relate it 

to past experiences, and apply it to their daily lives. They must make what they 

learn part of themselves. (p. 5) 
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This definition exposes why active learning is paramount to building functional scientific literacy 

alongside experiential learning through practical work. Students’ metacognitive awareness and 

ability to self-regulate learning allows them to build capacity to reflect critically on their 

scientific knowledge in a variety of relevant settings (Prince, 2004), propping their functional 

ability to apply science. In keeping with this view, in Manitoba’s curriculum standards 

documents, several Grades 9 and 10 “Cluster 0” Overall Skills and Attitudes include specific 

learning outcomes (SLOs) that highlight the necessity of higher order thinking skills and 

metacognition. For instance, “Demonstrate confidence in their ability to carry out investigations 

in science and to address STSE issues; Evaluate the original plan for an experiment and suggest 

improvements; Reflect on prior knowledge and experiences to develop new understandings; 

Assume the responsibilities of various roles within a group and evaluate which roles are most 

appropriate for given tasks” (MET, 2000, pp. 0.3-0.7: MEY, 2003, pp. 0.3-0.7).  

Active learning demands a student’s awareness of their own learning or metacognition as 

defined by Flavell (1979) as a means of cognitive monitoring. Thus, “effective teaching needs to 

engage students in thinking deeply about a topic at an appropriate level [while] monitoring their 

understanding” (Robertson, 2018, p. 27). Guidance is requisite for students to become active 

learners as they initiate knowledge construction and develop ownership of their learning (Prince, 

2004). In fact, metacognition is identified as a dynamic learning process integral to all five 

foundations in Manitoba’s senior science curriculum standards (MET, 2000). Important elements 

of metacognition include metacognitive knowledge, or one’s beliefs about their learning 

capacity; metacognitive experiences, or conscious recognition of one’s understandings or 

misunderstandings; and learning goals, the actions or strategies that help one learn (Robertson, 

2018). Davies (2020) reminds us that, “The student knows more than the teacher about what and 
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how he has learned” (p. 73). Robertson proposes that skill development accompanying student 

self-assessment is metacognitively significant for experiential learners; and that metacognition 

can indeed be taught, for instance through methods to help students activate their prior learning.  

Koohang et al. (2016) contend it is the instructor’s responsibility to design learning 

materials to successfully guide students to become “active learners” (p. 239). These scholars 

propose three stages to achieve active learning for knowledge construction: underpinning, 

ownership and engagement. Koohang et al. explain that ownership is how learners are 

empowered to take control of learning, and this requires learners to: set self-driven goals, self-

mediate, self-reflect and be aware of learning, and self-assess. These scholars emphasize an 

experiential and collaborative environment, pointing out the instructors and students have 

essential roles and responsibilities for student success in active learning. Regan (2012) supports 

this view adding “little attention is given to what the student is obliged to do” (p. 21); and that 

the role of instructors is to facilitate optimal learning, but in turn, students have a role to 

participate fully to the best of their ability in all aspects of their learning. Students need 

opportunities however, to “verbalize their thinking and make it visible” (Robertson, 2018, p. 9), 

and “to learn how to learn” (p. 48).  

Ideally, science students are afforded such opportunities in the setting of their classrooms 

and laboratories where they can do practical work, and learn from and with their teacher and 

peers, consequently increasing their opportunity to advance their scientific literacy. Emphasizing 

the connection between experiential and active learning, I agree with Robertson’s (2018) claim 

that student-centered experiential learning settings promote metacognition through higher level 

thinking at the upper levels of Bloom’s taxonomy. Extending thinking beyond remembering, 

understanding and applying, students can reach higher to include analyzing, evaluating and 
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creating (McGuire & McGuire, 2018)—critical attributes of functional scientific literacy. 

Furthermore, McGuire and McGuire propose knowledge of Bloom’s taxonomy is helpful for 

students to assess and adjust their learning goals, and therefore useful to them as they learn how 

to learn, and “make what they learn part of themselves”, as Chickering and Gamson (1987) 

proposed. In effect, as higher order thinking is required in active learning and advanced through 

experiential learning opportunities, I view both forms of learning as aligned with science 

education instructional models inclusive of 5E and 7E, essential for developing scientific 

literacy.  

Empirical support for active learning is extensive (Prince, 2004), and closely linked with 

experiential learning in STEM fields. Studies in practical STEM classrooms have revealed 

measurable student gains when active learning is introduced. The integration of active learning 

into university biology courses in the US required students for instance to complete self-

evaluations following a practical learning activity, and to find logic in their misconceptions 

through discussion (Walker et al., 2008). When students engage in active learning they have 

increased opportunity to address misconceptions, an important element of effective teaching 

(Prince, 2004). Important findings from Walker et al.’s study show that student benefits from 

active learning are most evident for students with lower grades, and that some students might 

resist active learning and require time and support to adopt it. Anderson et al. (2020) maintain 

scientific literacy is indeed enhanced when active learning is considered in partnership with 

experiential learning; and in recent decades has contributed to improved learning outcomes with 

even greater results when authentic and personal connections are made through common 

approaches in science, such as PBE (place-based education) and PBL (project-based learning). 

PBE and PBL are grounded on experiential and active learning theories, with great potential to 
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foster student development of functional scientific literacy. Kim et al. (2019) described an 

empirical study revealing scientific literacy gains with seventh grade students in Korea through a 

community PBE approach; while Robertson (2018) noted that PBL challenges students to think 

deeply about their knowledge and then apply it as they develop complex learning skills. 

Empirical studies suggest that as science education should promote experiential learning through 

a student-centered learning atmosphere, while allowing students to engage in project-based tasks 

(Hong et al., 2018), it supports PBL environments. Seaman et al. (2017) explains developments 

that took place in experiential learning theory were attractive to early project-based school 

curricula and have since progressed, which is evident in current models of PBL addressing 

scientific literacy by promoting scientific thinking through authentic learning tasks that also 

support metacognition (Croce & Firestone, 2020; Barrows & Tamblin, 1980; Savin-Baden, 

2007). When students advance from novice to expert problem-solvers through active learning in 

PBL they become increasingly equipped to self-regulate, self-direct, and self-pace learning, 

promoting independence and positive attitudes about learning (Prince, 2004). Moreover, advises 

Prince, self-directed learning and metacognition that foster a deeper approach to learning are 

common to PBL, and lifelong learning. 

Thus, experiential and active learning theories are central to critical thinking and to 

student development of functional scientific literacy and they fundamentally underscore learning 

outcomes and activities in the Manitoba Grade 9 and Grade 10 science curriculum documents 

(MET, 2000; MEY, 2003).  

Scientific Literacy within the Manitoba Curriculum 

The Manitoba science curriculum documents describe scientific literacy as “an essential 

and evolving combination of the science related knowledge, skills and attitudes students need to 
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develop inquiry, problem-solving, and decision-making abilities” (MET, 2000, p. 1.2) necessary 

to make informed, critical decisions as “global interdependence; rapid scientific and 

technological innovation; the need for a sustainable environment, economy and society; and the 

pervasiveness of science and technology in daily life reinforce the importance of scientific 

literacy" (p. 1.2). This vision for scientific literacy within the Manitoba senior years science 

documents emerged in 1997, with the national document Common Framework of Science 

Learning Outcomes: Pan-Canadian Protocol for Collaboration on School Curriculum (MET, 

2000). Despite lacking an effective operational definition at first, and some uncertainty regarding 

how the concept of scientific literacy would be realized through curriculum, instruction and 

learning in the province (Murray, 2014), the ten Manitoba Senior Years Science course 

curriculum standards documents were inspired by the Pan-Canadian Science Framework 

guidelines with the aim “to develop functional scientific literacy in all Canadian students” (MET, 

2021). MET (2000) suggests that such opportunity is afforded to students when they study 

science through concrete and contextual learning processes that include scientific inquiry, 

technological problem solving (the design process), and decision making—a perspective echoed 

in the science education scholarship.  

Five Foundations for Scientific Literacy. Manitoba Education’s five “Foundations for 

Scientific Literacy” described in the science curriculum documents serve as the conceptual 

organizer and provide specific foundations for science education and scientific literacy in the 

province: A. Nature of Science and Technology (NOS); B. Science, Technology, Society and the 

Environment (STSE) (with Manitoba Sustainable Development Strategy incorporated); C. 

Scientific and Technological Skills and Attitudes; D. Essential Science Knowledge; and E. 

Unifying Concepts (MET, 2000). These five foundations for developing scientifically literate 
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students direct that science learning experiences “must incorporate the essential aspects of 

science and related applications” (p. 2.4). In my view, this includes conceptual knowledge, along 

with practical skills and scientific attitudes. While conceptual knowledge spans all five 

foundations, an emphasis on the necessity of practical skills and scientific attitudes for 

developing scientific literacy is pronounced in foundations B and C, which underscore “the 

design process” from Kindergarten to Grade 8, and technological problem solving in senior 

years’ courses (MEY, 2003). Proposing, creating and testing of prototypes, products and 

techniques in such problem solving requires practical work, and the skills and attitudes involved 

in these processes play an important role in the development of scientific understandings, and for 

the application of science and technology to new situations. Furthermore, prioritizing practical 

work aligns with the National Science Education Standards vision of change in science 

instruction, directing less emphasis on knowing scientific facts while increasing emphasis on 

integrated, active, investigative contextual learning (MET, 2000). Additional emphasis on 

practical work is seen in foundation C, as procedural skills fundamental to scientific inquiry: 

designing experiments, measuring and collecting data, are paired with fundamental scientific and 

technological attitudes for conducting scientific inquiry. MEY (2003) informs that lifelong 

development of positive attitudes helps to support students’ intellectual development and 

prepares them to responsibly apply science knowledge and procedural skills. Scientific and 

technological attitudes listed in foundation C include curiosity, skepticism, creativity, accuracy, 

precision, honesty and persistence, and are advanced through scientific practice. 

The instructional philosophy in the Manitoba science curricula states the learning 

environment should employ a variety of instructional strategies inclusive of laboratory 

observations, field work, and the caring use of living organisms taught in a manner for students 
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to apply to their everyday lives, while also helping students develop an awareness for careers and 

vocations in the wide diversity of sciences (MEY, 2003). Further, the curriculum standards 

indicate that many scientific literacy tasks involve a complex interaction of skills, that with 

practice become “automatic” when the student loses awareness of skills executed (p. 37), as 

these are largely unconscious mental processes. To achieve this, science learners require regular 

practice to learn skills and to develop a repertoire of strategies to make meaning for application 

to science tasks— “knowing what to do, how to do it, when to do it, and why it is useful” (p. 37).  

General Learning Outcomes (GLOs). Within each of the five foundations for scientific 

literacy, A through E, Manitoba’s curriculum standards describe 28 general learning outcomes 

(GLOs) expected of science students across all grade levels. These GLOs provide the depth and 

breadth for learning scientific literacy, and are few in number in each foundation. In foundation 

C: Scientific and Technological Skills and Attitudes, for example, GLOs include: “Students will 

recognize safety symbols and practices related to scientific and technological activities and to 

their daily lives, and apply this knowledge in appropriate situations”; “students will demonstrate 

appropriate scientific-inquiry skills when seeking answers to questions”; and “students will 

demonstrate appropriate problem-solving skills when seeking solutions to technological 

challenges” (MEY, 2003, p. 12). Each of these learning outcomes requires students to do 

practical work to develop important skills along with scientific and technological attitudes to 

accompany their conceptual science knowledge. For instance, knowledge of Workplace 

Hazardous Materials Information System (WHMIS) and household safety symbols on cooking 

and cleaning products, pharmaceuticals and other domestic chemicals require student practical or 

hands-on opportunity to identify symbols on common items; along with practice of safe 

procedures for their storage, use and disposal. Another GLO in foundation C reads: “students 
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will demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, 

honesty, and persistence, and appreciate their importance as scientific and technological habits of 

mind” (MEY, 2003, pp. 12-13). The pairing of scientific and technological skills and attitudes in 

foundation C might suggest their complementary roles for the development of student scientific 

literacy. From my experience as a teacher, I have observed how practical science learning 

activities allow students opportunity to develop scientific literacy as they apply their conceptual 

understanding, practice skills, and also develop important scientific attitudes like creatively 

determining how to accurately measure an irregularly shaped solid, for example; or to practice 

persistence while attempting to transfer a small volume of solution by pipette, with accuracy and 

precision. I have also observed students develop positive scientific attitudes through practical 

work, which in turn inspire and motivate further inquiry. Predicting the outcome of an 

experiment might invite curiosity for example, and curiosity has the potential to motivate further 

practical learning. As the Manitoba Science Curriculum Conceptual Organizer (MET, 2000, p. 

15) presents a cyclical interactive view of the Manitoba Foundations for scientific literacy, I see 

skills and attitudes in foundation C as integrally foundational.  

Grade 9 and Grade 10 science teachers are directed to observe students in action to assess 

procedural knowledge (MET, 2000, p. 42)—action is required to acquire procedural skills and 

accompanying scientific attitudes. The Manitoba Education science curriculum standards guide 

science teachers and are clear—practical work is seen as a necessary, or a preferred way to 

achieve these GLOs and to advance student scientific literacy. 

Specific Learning Outcomes (SLOs). Specific or prescribed learning outcomes (SLOs), 

which support and promote the vision for scientific literacy, detail the knowledge, skills and 

attitudes students are expected to learn within each of the 4 units or thematic “clusters” for each 
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grade level or course (MET, 2000, MEY, 2003). The Grade 9 and Grade 10 science clusters 

include the requirement for teachers to provide students with knowledge, skills and attitudes in 

biology, chemistry and physics to foster general scientific literacy, while also preparing students 

for optional Grade 11 and Grade 12 courses in these disciplines. In total, there are 67 SLOs in the 

Grade 9 science clusters: Reproduction, Atoms and Elements, Nature of Electricity and 

Exploring the Universe; and 43 SLOs in the Grade 10 science clusters: Dynamics of Ecosystems, 

Chemistry in Action, In Motion and Weather Dynamics. These SLOs occupy a large portion of 

the curriculum documents, are linked to the specific GLOs they serve, and include suggestions 

for instruction: entry level knowledge, notes, learning resources, and student learning activities; 

along with suggestions for assessment (MET, 2000; MEY, 2003). Some SLOs suggest practical 

learning is part of the curriculum standards, requiring that students “investigate”, such as 

“investigate properties of substances”; “observe” and “collect” as in “observe, collect and 

analyze class data of single trait inheritance”; “construct” as in “construct electric circuits using 

schematic diagrams”; “experiment” as in “experiment to determine indicators of chemical 

change,” or “use” as in “use appropriate instruments and units to measure voltage (electrical 

potential difference), current and resistance” (examples from the Grade 9 course; MET, 2000, 

pp. 1.1-4.33). In Grade 10 science, the same SLO phrasing is used: “Investigate the law of 

conservation of mass, and recognize that mass is conserved in chemical reactions”; “investigate 

and classify reactions as synthesis, decomposition, single displacement, double displacement, or 

combustion”; “experiment to classify acids and bases using their characteristic properties”; 

“experiment to illustrate the effects of inertia in car crashes”; “observe and document a range of 

organisms that illustrate the biodiversity within a local or regional ecosystem” and “collect 

displacement data to calculate and graph velocity versus time for an object that is accelerating at 
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a constant rate” (MEY, 2003, pp. 1.1-4.36). It is difficult to conceive of ways that students might 

achieve these learning outcomes that require investigating, observing, constructing, 

experimenting, using and collecting, without doing practical work. From my experience and a 

close examination of the curricular SLOs in Grade 9 and Grade 10 science, the necessity of 

practical work is evident within each science discipline and cluster, and it aligns with the 

previously discussed literature emphasizing the value of practical work in science. In addition to 

the SLOs in each cluster in Grade 9 and 10 science, additional curricular SLOs linked with all 

four clusters in each course, are described in Cluster 0. 

Cluster 0: Overall Skills and Attitudes SLOs. The SLOs in the Cluster 0 (pronounced 

Cluster Zero) “Overall Skills and Attitudes” broaden the importance of scientific skills and 

attitudes for learning science. They emphasize essential aspects of the processes and nature of 

science that are required to learn science and are presented in association with the related GLOs 

(MET, 2000; MEY, 2003). Each of the nine groups of Cluster 0 SLOs include several SLOs. 

Collectively, these include 48 skills and attitudes pertinent to both Grade 9 and Grade 10 science. 

Many of these SLOs require practical work to achieve. Examples of skill-based SLOs that 

require practical work include: “plan an experiment to answer a specific scientific question, and 

work cooperatively with group members to carry out a plan and troubleshoot problems as they 

arise”; “carry out procedures that comprise a fair test”; and “demonstrate work habits that ensure 

personal safety, the safety of others, as well as consideration for the environment” (MET, 2000, 

pp. 3.10-3.14). Examples of attitude-based SLOs that might be best achieved through authentic 

practice include: “Demonstrate confidence in the ability to carry out investigations in science and 

to address STSE issues”; “be sensitive and responsible in maintaining a balance between the 
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needs of humans and a sustainable environment”; and “demonstrate personal involvement and be 

proactive with respect to STSE issues” (pp. 3.10-3.14).  

I see Cluster 0 SLOs as indispensable in effectively guiding students through their 

scientific literacy journey in Grade 9 and Grade 10 science. Based on my analysis, Manitoba’s 

framework and underlying principles provide a thorough base for understanding and promoting 

scientific literacy and convey a powerful message to science educators like myself, that essential 

skills and scientific attitudes that accompany conceptual understanding are critical to learning 

science and necessary for developing a scientifically literate citizenry. I also argue that the five 

foundations for scientific literacy and associated GLOs, along with the SLOs, including the 

Cluster 0 skills and attitudes SLOs, may only be fully attainable when students do practical 

work. Opportunities for developing and practicing scientific literacy skills and attitudes are 

indeed poised in GLOs within foundations B; C—with technological problem solving and 

inquiry-based decision-making embedded; and in Cluster 0 skills and attitudes outcomes. 

However, in order for science teachers to effectively address each learning outcome they need to 

make deliberate, informed decisions about which learning activities to select for their students 

and the best tools to use for each activity (MEY, 2003). The Manitoba science curriculum 

documents also state that in order to promote scientific literacy it is vital that teachers recognize 

how science best be taught; and for instructional environments to be effective, students require 

opportunities to work cooperatively with other students, to initiate investigations, to 

communicate their findings, and to complete projects that demonstrate their learning (MET, 

2001, p. 1.3). Indeed, the development of student scientific literacy requires science teachers to 

interpret their curriculum and, ideally, provide students with effective practical learning 

opportunities—a perspective shared in the science education literature.  
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Further accentuating the significance of practical work in Grade 9 and 10 science, MEY 

(2003) advises that students in these grades learn best when their physical energy can be put 

toward experiential learning, and that effectively promoting scientific literacy requires that 

teachers engage their students in frequent kinesthetic activities. As an educator with significant 

experience teaching Grade 9 and 10 science, I recognize the tremendous value of practical work 

for students to learn scientific competencies in high school, and have observed scientific literacy 

advance in greater strides with an approach that incorporates daily practical work in Grade 9 and 

10. Other opportunities for teachers to enrich scientific literacy competencies are found in 

science opportunities such as clubs, competitions and extracurricular activities offered in high 

schools, and in creative pedagogy that can extend beyond the school’s walls. In my attempts to 

fulfil curriculum outcomes and maximize science learning opportunities for my students over 

many years, I was able to encourage many students to participate in independent research to 

advance their scientific literacy; and through local, national and international collaboration and 

competitions, many realized exciting lives and careers in STEM-related fields. Without GLOs 

and skills and attitude-related learning outcomes in Cluster 0 underpinning my pedagogy, and a 

personal interest and adequate resources to provide frequent practical work for my students, my 

students may not have had these opportunities.  

In summary, the Manitoba Education science standards documents make clear that 

developing scientific literacy requires conceptual and procedural knowledge, skills and attitudes; 

and that the complex cognitive and metacognitive processes to advance the development of 

scientific literacy demand practice—but how to provide students with scientific practice 

throughout the pandemic’s lockdowns and restrictions, however, remained a challenging 

question for teachers and researchers (Natale et al., 2021) throughout the pandemic emergency.  
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Pedagogy in Remote and Restricted Science Education 

When the COVID-19 pandemic began, teachers around the globe reported that “decisions 

were required about what material to cover and what could not be covered” (International 

Council for Education and Teaching [ICET], 2020). As teachers made these decisions and 

adjusted their approaches, scholars advised this process would require time and practice (Chan et 

al., 2020; Chen et al., 2020). During the pandemic, Manitoba science teachers had to adjust their 

pedagogy through several periods of school closures requiring remote teaching and learning, 

blended teaching, and through other restrictions including physical distancing of students. 

However, teachers did not have training to develop the skills and expertise required to effectively 

teach science in these circumstances. This was something my colleagues and I quickly realized 

when we suddenly began teaching from home at the start of the pandemic. Donovan (2020) 

proposed that “while the online experience is something we will survive together; the day will 

come when we are back to some sort of ‘normal’ and can work with our students in person in 

class as usual” (p. 2920). That day could not arrive quickly enough for teachers like myself who 

value practical work and its importance for scientific literacy.  

As teachers moved abruptly from in-class teaching without restrictions in March 2020 to 

teaching remotely, blended teaching, and teaching in-class with various restrictions, they had 

little time to prepare, design, learn and practice to instruct effectively. School closures are not 

new to education (Kim & Asbury, 2020), but with little time to prepare, teachers rapidly sought 

skills and adapted to remote teaching while their students adapted to remote learning 

simultaneously (Aguirre & Selampinar, 2020; Giordano & Christopher, 2020; Reicher, 2020). 

Although teachers have pedagogical skills and expertise for in-class teaching, we cannot assume 

these skills and expertise will transfer to other instructional modes, and the sudden changes and 
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demanding mode of instruction which many teachers were not trained for proved challenging 

(Meng et al., 2020; Rossettini et al., 2021). As teachers tried to rapidly adjust their teaching 

approaches to this new mode of delivery, a practice some science teachers called “Panic-gogy” 

(Watts et al., 2022, p. 3), many learned that online resources can support learning, but do not 

suffice as primary learning activities for practical skills; which is particularly significant in 

secondary school science (Chadwick & McLoughlin, 2021; Rossettini et al., 2021).  

Some scholars believe certain disciplines are not suited for remote or online learning, 

including science, as it is extensively affected by laboratory inaccessibility (Chandrasekaran, 

2020; Garcia-Vedrenne et al., 2020; Schirmel, 2021). However, as teachers did what they could 

to foster scientific literacy during the pandemic, creative approaches to providing practical 

opportunities emerged, including those revealed in this study and described in Chapter 4. Science 

education scholars have been clear that teachers should choose approaches that are well suited to 

the learning goal and task, and Hodson (2014) points out that what might work well for some 

tasks may be entirely unsuitable for others. However, seeking out effective alternatives to 

practical and collaborative lab work was challenging. Kelley (2020) noted video alternatives 

often failed to meet teacher benchmarks for inquiry and authenticity, and although breakout 

rooms in remote spaces allow students to collaborate and reflect to build conceptual knowledge 

and develop scientific inquiry and literacy skills, Garcia-Vedrenne et al. (2020) found they were 

not as effective as in-class collaborative opportunities.  

It could be argued that clear direction for teachers to “select appropriate contexts to 

introduce and reinforce scientific inquiry, the decision-making process, and positive attitudes” 

(MET, 2000, p. 0.2) may have never collided with a more challenging context: remote learning. 

With explicit curricular guidance backing them, early in the pandemic, Chan et al. (2020) 
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believed science teachers had to shed their fears of trying and practicing new and different 

pedagogies while teaching remotely, in their attempts to develop student-centered pedagogical 

toolkits with some form of practical work. As science teachers worldwide responded to barriers 

to practical learning opportunities amid school lockdowns and restrictions, they were required to 

adjust student learning activities, and craft new pedagogies through their remote teaching 

platform, blended teaching situations and in-class but restricted teaching environments.  

Moreover, from the start of the pandemic, pedagogical decisions were largely left to individual 

teachers. Zhang et al. (2020) reported that most teachers in China were required to adapt offline 

teaching content with little experience or online resources. This was also the case in Manitoba, 

and as teachers worldwide continued their attempts to replicate the experience of practical 

exposures without proper training, the educational scholarship suggests “not all teachers are 

good at it” (Patra et al., 2021, p. 163).  

Subject-specific knowledge of pedagogy is critical in order for teachers to develop ways 

of translating their knowledge into effective instructional representation, which under normal 

circumstances is a complex process (Layton, 1991); doing so during a pandemic considerably 

exacerbated the task. Teachers were required to immediately adapt to a new teaching paradigm 

when the pandemic arrived and practical teaching and learning were restricted during “the 

biggest unplanned educational experiment ever seen” (Soares, et al., 2020, p. 3397). Teaching in 

this different mode would likely be much more effective if educators had different training and 

pedagogy, however science teachers were challenged to design effective teaching approaches 

without formal training or time to research and learn. Approaches found in many educators 

“teaching toolbox”—laboratory activities conducted every few days, hands-on activities used 

frequently, demonstrations that regularly relied on student participants, student project work, 
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debates, role playing and oral presentations, for instance, had to be set aside or substantively 

redesigned while teachers crafted new pedagogy. The outcome of this educational experiment is 

represented in student advancement in scientific literacy, and concerns with the impact on 

Manitoba students were expressed early on (Stephenson, 2021).  

Teachers struggled in their efforts to build effective learning opportunities for students to 

develop and practice scientific literacy remotely. Early in the pandemic Babinčáková and 

Bernard (2020), in a study conducted in Slovakia, suggested that experiments done at home were 

not as enjoyable or effective skill-building substitutes as those done in school, despite teachers 

putting in their best efforts. As teachers worldwide responded to their new teaching paradigm, 

they had little choice but to become creatively resourceful. While many teachers successfully co-

created new learning activities, standards and expectations with their students while emphasizing 

increased participation and collaboration (Anderson et al., 2021), I found Manitoba Grade 9 and 

10 science teachers were less successful bringing their content to life without viable practical 

learning opportunities. 

With the race for new technology to provide and enhance remote learning opportunities 

at the forefront of education during the pandemic, teachers worked hard to craft new practical 

opportunities despite the lack of time to adapt (Daniela & Visvizi, 2022). As science teachers 

decided what and how they taught during the pandemic, this “stop-gap-solution” (Singal et al., 

2021, p. 520) offered opportunity to capture novel pedagogical gains emerging in Manitoba’s 

Grade 9 and 10 classrooms. As I describe in Chapter 4, Manitoba teachers applied multimodal 

methods and used advanced digital tools and programs, for example, while uncovering 

alternative resources and supports to promote scientific literacy.  
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Remote Teaching and Learning 

Throughout the pandemic, various terminologies to describe teaching and learning were 

used such as distance, online, at-home, virtual, emergency, cyber-schooling, and remote, along 

with variations including blended, hybrid, synchronous and asynchronous (Carrillo & Flores, 

2020; ICET, 2020; Manitoba News Releases, 2020, March 31; Safi et al., 2020). In this study, I 

use the term “remote”, as adopted by Manitoba Education (2022) for teaching and learning in the 

digital, online, Internet space, where students learned at home while their teachers taught from a 

different location. 

Irrespective of their label, Carrillo and Flores (2020) contend remote styles of teaching 

and learning bring a specific process to curriculum and pedagogy partnered with the roles, 

competencies and interactions among all participants. During the period of blended teaching and 

learning, many Manitoba senior years’ teachers taught some of their students in-class, while 

other students logged in for remote learning from their home, with students alternating between 

in-person and remote learning every second day. Teachers I spoke with indicated that they found 

this type of “blended” instruction extremely challenging as it required them to remain visible in 

front of their computer at all times and engage their learners in-class and at home concurrently. 

In different blended teaching scenarios, some Manitoba teachers traveled between different 

classrooms while teaching remotely at the same time—many teachers said that this approach, 

dubbed “duplex teaching”, was problematic because students felt abandoned without their 

teachers (Stephenson, 2021, p. 8).  

Blended teaching brought challenges for Manitoba science teachers; however, some 

studies in other settings suggest that it also afforded certain benefits for students. Such positive 

support for BL was reported early in the pandemic by Puntambekar et al. (2020) as they describe 
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the complementary affordances of virtual and physical labs to support student scientific literacy 

in the US. At the same time, with BL still in its infancy, Graham et al. (2019) identified the need 

for teachers to develop specialized skills beyond those traditionally required, for its effective 

implementation.  

The term “synchronous” was used to denote scheduled remote classes where teachers and 

students met at the same time; while “asynchronous” denoted that materials were provided for 

students to learn on their own (He et al., 2021). Some teachers using BL adopted an 

asynchronous approach for at-home learners in order to provide authentic experiential learning 

activities for students who were in class. Other teachers created and relied on “flipped 

classrooms”, where students learn material provided by their teacher outside of class time and 

practiced concepts and procedures while in class. Others used a variety of methods, revealing the 

creative efforts of teachers as they strived for quality teaching (Bhamani et al., 2020). The need 

for creative pedagogy persisted in Manitoba despite the return to in-class learning for all 

students, as a number of ongoing pandemic safety protocols in schools remained in place. These 

protocols continued to restrict experiential learning opportunities that teachers could utilize to 

promote learning in all disciplines.  

As teachers turned to alternative pedagogies when experiential engagement was restricted 

during the pandemic, learners’ experiences and understandings were significantly affected but 

also significantly different from one another, particularly during periods of remote teaching. As 

determined in one K-12 case study conducted in the US during the 2020-2021 pandemic school 

year, many teachers were not trained or prepared to teach remotely, nor were they all good at it; 

resulting in varied learning experiences for students and wide-ranging conceptual understandings 

(McKnight et al., 2022). It was additionally noted that teachers lacked training and expertise in 
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using course management systems such as Blackboard or Canvas, which are comparable 

platforms to Google Classroom or Edsby often used by Manitoba Grade 9 and 10 teachers. I 

found these platforms to be essential when teaching remotely although I did not find them useful 

for procedural instruction for science students to conduct practical work. 

COVID-19 brought a distinct teaching and learning phenomenon (Gillis & Krull, 2020), 

with Tomasik et al. (2020) advising “learners are probably the single largest group to experience 

the pandemic’s indirect effects” while describing studies highlighting the negative effects of 

remote learning (p. 570). Remote teaching is not just a matter of turning on a camera and going 

on with business as usual but rather is an instructional mode in its own right requiring specific 

pedagogical skills and expertise: one that many Manitoba teachers were ill-equipped for in 

March 2020 (Stephenson, 2021).  

Remote Pedagogy in Science Disciplines. Some scholars express the view that hands on 

activities cannot be conducted online (Humphrey & Wiles, 2021). Others note that the ability to 

integrate conceptual and procedural knowledge to develop scientific literacy can only be 

developed through hands-on experience of doing science within a critical and supportive learning 

environment (Hodson, 2014). Shifting experiments and laboratory activities to virtual platforms 

was particularly challenging however, as many teachers were unsure how to do this 

(Babinčáková & Bernard, 2020). Kelley (2020) maintains that in-class laboratory instruction is 

ideal, and Taylor’s (2020) question early in the pandemic, “how do we teach practical content 

online, and how do we teach hands-on skills?” (p. 69) persisted. Providing students with 

scientific practice through virtual environments continued to challenge teachers and researchers 

(Natale et al., 2021).  
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Many educators know there is no replacement for hands-on learning opportunities 

(Bhamani et al. 2020; Hong et al., 2018; Jose, 2017); “Unless one has the laboratory skills to do 

it, one cannot ‘do science’—at least not well and not successfully” (Hodson, 1993, p. 129). As 

noted earlier, the prevalent scholarly perspective is that practical activities are required to learn 

science (Chadwick & McLoughlin, 2021), and providing adequate experiences without access to 

the tools of an authentic laboratory environment is difficult (Dukes III, 2020). Qualities of 

scientific literacy including critical thinking, practical knowledge and observation skills are 

known to develop in part through laboratory experience (Kelley, 2020), posing a challenge to 

science educators throughout the pandemic as opportunities to foster practical knowledge were 

limited (Pregowska et al., 2021). While emphasizing that holistic practical learning experiences 

improve learning outcomes by providing students with opportunity to engage multiple senses and 

increase sensory and cognitive activity, Gya and Bjune (2021) argue that learning outcomes are 

compromised in all science education disciplines without in-person laboratory practice where 

students can interact with specimens, tools and techniques. When COVID-19 restrictions were 

imposed, Maia et al. (2021) identified difficulties teachers faced advancing functional scientific 

literacy across all levels of school science in Brazil through periods of remote or hybrid 

activities. Despite important safety reasons for limiting practical work, the shift in instructional 

delivery was challenging to all teachers and students (Burgos et al., 2021) and often ineffective 

and inefficient in the sciences where hands-on practical experiences are required as part of 

instructional activities (Adedoyin & Soykan, 2020). According to Darling-Hammond and Hyler 

(2020), these difficulties stemmed primarily from the lack of time to craft and practice new, 

creative and effective pedagogies to promote scientific literacy. As described earlier, scientific 

literacy demands practical and transferable skills and attitudes acquired in a well-structured and 
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intellectually stimulating lab program (Kyne & Thompson, 2020). Hodson (2014) further 

emphasized critical components for scientific literacy include the opportunity to practice 

thinking and acting like a scientist, but such opportunities were replaced by other learning 

activities during the pandemic; and although alternative teaching strategies kept staff and 

students safe from COVID-19, the impacts on learning were unknown at the time (Natale et al., 

2021). School and post-secondary science educators alike, challenged with the loss of practical 

learning opportunities for their students during the pandemic seemed to echo the same message. 

Scholars (e.g., Patra et al., 2021) stressed the magnitude of impact on students’ learning when 

practical work is missing; likewise, Gonçalves and Capucha (2020) argued that the cessation or 

postponement of hands-on learning is responsible for major irreversible losses in learning and 

was the greatest educational impact of COVID-19.  

One large K-12 empirical study conducted in the US revealed some important general 

experiences of remote teaching, and that overall, teachers had difficulty providing quality science 

instruction during the pandemic (Marshall, 2022). According to Marshall, and aligning with the 

approach taken in my study, the goal of the study was not to ‘find fault or assign blame’, but 

rather to understand teacher experiences of remote instruction through this volatile period and 

the impacts on student learning. Important findings of the study include: over 90 percent of 

teachers surveyed had never taught online prior to the COVID-19 emergency and fewer than 2% 

had received any training in remote pedagogy; most of what teachers learned was from each 

other or personal investigation, as views for online support sites like Microsoft Teams increased 

six-fold from February to March 2020; and that prior pedagogical training assumed that teaching 

would take place in a face-to-face environment, leaving teachers overwhelmed with creating new 

lessons in a way they had never done before. Other important findings include teachers lacked 
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access to various resources, time and direct interaction with their students to do their job well, 

which resulted in students missing the fundamentals in some subjects—particularly for music, 

art, and physical education. Arguably similar to science education, Marshall’s study showed that 

despite access to technology, students learning these subjects in isolation often meant learning 

without peers or appropriate supplies, or being unable to participate in reliable instructional 

activities. Additionally, it was noted by one teacher in Marshall’s study that despite only 9 of 

their 109 students attending their synchronous lessons held using Zoom, every student was given 

an A in the course. As shown in Chapter 4, my study results suggest that Manitoba Grade 9 and 

Grade 10 science teachers faced similar challenges as reported in Marshall’s study, which they 

indicated had a significant impact on teaching and learning during the pandemic.  

As previously explained, science education literature at all levels of teaching and learning 

emphasizes that hands-on sensory input is important for developing scientific literacy (Cutri et 

al., 2019; Viviani et al., 2021). The post-secondary science education literature supports the 

challenges instructors and students faced during remote learning and exposes some barriers that 

may be transferable to senior years science. However, I found fewer studies in secondary 

science. Although e-learning tools from STEM programs were sought to facilitate the rapid and 

complex implementation of remote laboratory experiences (Van Nuland et al., 2020) as teachers 

rapidly tried to include pedagogical innovations in their teaching, however many scholars agree 

that remote teaching was extremely challenging for instructors of all STEM courses (e.g. 

Adedoyin & Soykan, 2020; Cheng et al., 2021; Singal et al., 2021). As the COVID-19 pandemic 

progressed and the suspension of traditional educational activities continued to cripple science 

educators (Hothi et al., 2022), many researchers conducted empirical research to explore the 

consequences in science education at all levels. Impacts from the loss of practical learning were 
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central to this research with numerous studies finding that undergraduate chemistry and biology 

programs were significantly affected by laboratory inaccessibility (Chandrasekaran, 2020). My 

literature search suggests that these studies far outnumbered studies in K-12 science education 

settings. Some studies from physics and engineering programs, and from nursing, medicine, 

dentistry, veterinary school and architecture reveal difficulties instructors faced while switching 

to remote platforms, as courses were restructured to sustain learning (Garcia-Vedrenne et al., 

2020). These studies reveal strikingly comparable findings centered around practical courses that 

require a lot of hands-on training and practice. These findings from diverse scientific fields are 

helpful to understanding how restrictions during the pandemic limited opportunities for Grade 9 

and Grade 10 students to develop procedural knowledge. As chemistry units and practical work 

are core to Manitoba’s Grade 9 and 10 science curriculum standards, the decisions made and 

implemented by science teachers in these grades, and their impacts on student learning were of 

significant interest in this study. 

Remote Pedagogy in Post-secondary Chemistry. The post-secondary literature in 

chemistry education emphasizes the dependence upon practical work to learn this discipline. 

Despite a wide array of dry lab simulations implemented since the 1970s, chemistry educators 

have not replaced hands-on laboratory classes (Campbell et. al, 2020). Detailed investigation 

through practical work is foundational to the critical thinking and analysis necessary for learning 

chemistry, coupled with authentic wait time for students to think about procedures as they 

investigate and experiment (Tigaa & Sonawane, 2020). Developing remote strategies to promote 

scientific literacy in chemistry pedagogy was reportedly difficult and substantially questioned. 

Chemistry teachers were placed in a particularly tough situation given the practical nature of the 

subject, and the necessity to shift experiments and laboratory activities to virtual platforms 
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(Babinčáková & Bernard, 2020; Kelley, 2020). Scholars indicate remote chemistry education 

requires careful planning and a systematic approach that may require months or even years to 

develop. These findings are further evidence of the necessity of specific training in remote 

instruction which most teachers in Manitoba did not have in 2020.  

Lynn et al. (2020) reported that critical lab activities such as manipulating equipment, 

working collaboratively, applying chemical hygiene, and evaluating results were difficult to 

reproduce online, and despite much interest in a variety of simulations, they could not 

successfully replace hands-on laboratory classes (Campbell et al., 2020). Since students require 

practice to refine manual dexterity, master proper technique, and to learn to use equipment 

properly, many science educators maintain that some practical skills cannot be developed 

through alternate learning activities, such as watching videos or using simulations (Noel et al., 

2020), making it particularly significant to find out what alternative approaches teachers 

implemented, and their perceived effectiveness in fostering scientific literacy.  

Numerous scholarly reports suggest remote activities developed throughout the pandemic 

could not meet laboratory course objectives that require hands-on interaction with equipment and 

performance of fundamental techniques (Dukes III, 2020; Howitz et al., 2020). When “beakers 

and pipettes are exchanged for computer screens and keyboards” student participation, 

collaboration, and development of scientific literacy are compromised (Youssef et al., 2020, p. 

3048). Worrall et al. (2020) suggested that carefully designed simulations would help to keep 

post-secondary students engaged in some of their practical chemistry work in a remote 

environment, but this was not an efficient approach for learning chemistry. Students enrolled in 

an introductory chemistry course for non-science majors in the US recognized scientific literacy 

is not limited to content knowledge and exposed weaknesses in learning science remotely when 



51 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

they stated “it was harder to learn doing simulations… I was clicking on buttons rather than 

conducting the actual experiments” (Youssef et al., 2020, p. 3049). Nyachwaya (2020) suggested 

the use of technology to enhance chemistry education at the introductory post-secondary level in 

the US was previously well documented for the purposes of providing online support material, 

facilitating student interaction, and bringing students closer to research. Although this existing 

infrastructure supported the development of remote learning experiences, this replacement did 

not support laboratory learning objectives that require direct observation of chemical processes 

(Meng et al., 2020). As the pandemic challenged traditional chemistry pedagogy (Qiang et al., 

2020), Kaup et al.’s (2020) proposal that hands-on experience cannot be replaced in STEM-

based courses dominated the science education literature.  

Several empirical studies from the chemistry field in post-secondary education further 

support that instructors were particularly challenged in this discipline during the pandemic, as 

they sought ways to adapt to inaccessible equipment and experiments deemed vital for students 

to acquire chemistry content knowledge (Reeves et al., 2021). In a study to understand 

conceptions of US undergraduate chemistry students enrolled in a practical first year university 

course originally designed to teach laboratory practices, techniques and experimental processes 

to students in-person, but taught remotely during the pandemic, Reeves et al. (2021) concluded 

that there isn’t a “one-size-fits-all approach to learning” as learning experiences “need to be 

constructed based on what is being learned” (p. 104320-). Watts et al. (2022) echoed this 

conclusion in another large US study of undergraduate chemistry students, reporting drastic 

effects, negativity and weaknesses experienced with the loss of hands-on learning. Previously, a 

2020 case study and online survey of post-secondary chemistry students in India and the US had 

identified that students required step-by-step directions and constant reminders to effectively 
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assimilate chemical concepts remotely, when compared to in-person learning (Tigaa & 

Sonawane, 2020). The findings of Watts et al. (2022) emphasize that a learner’s experience 

strongly influences how they come to understand the topic, and that experiential engagement is 

paramount to grasping the nature of science in laboratory education through the conditions, 

processes and critical thinking of authentic scientific practice where inquiry strategies are core.  

Remote Pedagogy in Post-secondary Biological Disciplines. Post-secondary studies in 

biology are important to this study as they reveal findings that may support the necessity of 

practical work to learn biology in Grade 9 and Grade 10 science, such as learning the anatomy of 

plant and animal species in the Reproduction unit in Grade 9 science. Anatomy teachers 

expressed exceptional concern for student knowledge acquisition amid restricted learning 

opportunities (Cheng et al., 2021; Singal et al., 2021) as practical sessions and laboratory training 

are viewed as indispensable— “no dissection, no anatomy” (Cheng et al., 2021, p. 16). Since 

haptic knowledge is critical to deep conceptual understanding in anatomical science (Longhurst 

et al., 2020), the great loss of experiential learning during the pandemic was expected to leave 

learning gaps in the biological sciences (Pather et al., 2020).  

Other studies of relevance in biology come from the post-secondary fields of 

biotechnology, biochemistry and biomedical sciences. Many echo a similar message—while 

mitigating negative impacts from the closure of educational institutions during the pandemic, 

remote teaching was unable to effectively replace hands-on practical lessons (Heng et al., 2022). 

For instance, veterinary instructors in Portugal who attempted to replace parts of practice 

sessions through remote environments admitted they could not teach the right postures, 

procedures or how to use instruments correctly without practical work (Gonçalves & Capucha, 

2020). Gonçalves and Capucha found the cancellation of hands-on sessions restricted student 
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learning in how to adapt procedures and communicate understandings. Research findings from a 

study conducted by Heng et al. (2022) in Biomedical Engineering at the Singapore University of 

Social Sciences revealed concern for imparting laboratory skills through instructor or video 

demonstration, versus practical learning opportunities. From theoretical and practical student 

assessments along with a survey, they determined that “students from the COVID-19 generation 

may be at a disadvantage compared to others with a ‘normal’ education, hindering their entry 

into the skilled labor market”. Chen (2022) report similar findings from their biomedical study 

conducted at North Carolina University in the US, which revealed students had misconceptions 

about the material taught remotely by video and were unable to gain technical skills by 

performing the experiments in the lab. Chen (2022) maintains that videos cannot adequately 

replace laboratory learning, as engagement in hands-on manipulation of reagents and equipment 

is vital, and moreover that students often learn the most by performing a procedure incorrectly—

something not captured in best-practice videos. I share Chen’s perspective based on my 

experience as a science teacher where I have observed powerful learning opportunities afforded 

to students through their laboratory mistakes. In many ways, I also see this as similar to when my 

children first learned other practical skills such as riding a bike or driving a car. Such errors in 

practical work are critical for developing functional scientific literacy, and in the post-secondary 

biomedical sciences when face-to-face learning was replaced with digital learning, such 

opportunities were not afforded (Low et al., 2022).  

In other disciplines such as nursing, medicine, and dentistry programs, students reported 

great difficulty engaging and learning remotely (Chen et al., 2020; Viviani et al., 2021). Findings 

from a survey of medical students at Trinity College Dublin, Ireland revealed digital learning 

without hands-on training and an absence of bedside teaching may have serious implications for 
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student experiences, and for the quality of their education (Low et al., 2022). In another survey 

conducted in the US, a comparison between two groups of first-year medical students at Rowan 

University was conducted—those with practical cadaveric learning opportunities, and those with 

digital anatomy coursework during COVID-19 (Kochhar et al., 2022). Kochhar et al. reported 

the absence of mandatory dissections in medical education during the pandemic resulted in 

junior doctors lacking anatomical knowledge, and that in-person dissection skills are necessary 

for the development of confident physicians capable of making expert decisions. They also noted 

that the impact resulting from this curricular change is yet unknown. These studies may offer 

insights into unknown impacts of restricted practical learning in Grade 9 and 10 science for skills 

and attitudes integral to functional scientific literacy in biology. 

Remote Pedagogy in Post-secondary Physics and Engineering. In post-secondary 

physics and engineering, the transition from traditional face-to-face to online teaching and 

learning meant “innovations in pedagogy were the need of the hour” (Hothi et al., 2022, p. 11). 

Physics and engineering faculty were forced to adapt rapidly, were unprepared, and lacked time 

to plan and necessary tools—all leading to repercussions in student learning. These impacts on 

student learning were of interest in this study as physics and engineering concepts and practical 

work to learn them are found in multiple units in Grade 9 and Grade 10 science in Manitoba. 

From their survey of post-secondary engineering students in India, Hothi et al. further noted that 

although new tools such as pen-tabs, virtual labs and simulators improved remote teaching 

throughout the pandemic, they posit that practically oriented programs such as engineering 

which require a lot of hands-on training will never transmute completely to an online mode. This 

position was shared by Torres-Freyermuth et al. (2022), who reported scientists and engineers 

require hands-on experience and practical training, and teaching undergraduate physics students 
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in the US about wave mechanics for understanding beach erosion and coastal flooding was 

challenging for instructors throughout the COVID-19 emergency. These scholars reported 

research assessing student learning outcomes following virtual training throughout the pandemic 

showed that the virtual tools were valuable to complement experiential learning and reinforce 

theory, but less optimal than what can be achieved in a physical laboratory. Of additional interest 

to this study, according to Torres-Freyermuth et al. (2022) prior studies have revealed the value 

of playfulness achieved in virtual laboratories has been helpful to engage students in learning. I 

wonder whether Grade 9 and/or Grade 10 students might have benefitted from novel virtual tools 

their science teachers were able to access and incorporate into their remote physics lessons.  

Further evidence supporting the necessity of practical hands-on experimentation to 

learning physics was reported by Borish et al. (2022) following a survey of 5000 undergraduate 

physics students in remote lab courses at 24 US post-secondary institutions during the 2020-2021 

academic year. These scholars concluded that some lab goals such as gaining experience to 

safely operate specialized equipment can only be achieved by working with the equipment itself 

(Borish et al., 2022), adding that “the world changed a lot during the studied year, but the 

principles of teaching and learning did not” (p. 18). With hands-on learning serving as the 

primary objective of some physics courses at Trent University in Ontario, and the hands-on 

component essential for student success, courses transitioning to a remote format for the 2020-

2021 academic year faced lofty challenges (Newman & Stock, 2022). According to Newman and 

Stock, take-home kits with accompanying video laboratory demonstrations were developed for 

teaching practical skills in one course, and following its success will be incorporated as a support 

to the course when in-person learning resumes. The lessons learned from teaching practical 

courses remotely during the pandemic are valued by Borish et al. (2022) for application to future 
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unforeseen circumstances, to support those with dependents who need a more flexible schedule, 

for those requiring experience where lab equipment is not available or when disabilities prevent 

individuals from participating in traditional labs. Although these scholars propose that more 

research is needed to understand the learning opportunities that remote versus in-person labs 

offer, they support the latter for learning physics. 

In summary, this literature review underlines the importance of practical work for the 

development of scientific literacy and reveals that a variety of barriers restricted practical work 

during the pandemic at all educational levels and across various science disciplines. These 

studies support the value of undertaking this study of Manitoba high school teachers’ responses 

to such diminished practical opportunities. Science education research has shown that scientific 

literacy is impacted when practical learning opportunities are restricted and calls further research 

to understand these impacts (Babinčáková & Bernard, 2020; Yan et al., 2021). Such research will 

help to prepare for future events where practical learning may not be possible (Beauchamp et al., 

2021); support learning when students cannot attend school; inform schools with limited 

resources for practical work; advance teacher knowledge and agency to promote scientific 

literacy; and offer insights for planning and implementing new curricula.  
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Chapter III: Methodology and Methods 

In this chapter, I discuss the philosophical assumptions underpinning this research which 

I see as integral to a discussion of the case study methodology and mixed methods research 

design I used. Additionally, I discuss the methods I used for teacher recruitment, data collection 

and data analysis; and provide an overview of ethical considerations, and research quality and 

rigour in this study. 

Philosophical Assumptions  

Johnson et al. (2007) assert that researchers should adopt assumptions, principles and 

values connected with the operating research paradigm in their research study. As a novice 

educational researcher, the philosophical assumptions I brought into this research include a 

realist ontology and a postpositivist epistemology. I see reality as complex and requiring the use 

of multiple perspectives to help understand it more completely (Creamer, 2018; Johnson et al., 

2007). I believe that demographic diversity and different teacher experience across urban and 

rural Manitoba contributed multiple perspectives to this research which helped to showcase the 

experience of teachers in fostering scientific literacy in Grade 9 and 10 science throughout the 

pandemic. The epistemological belief I applied to this research is that this reality can only be 

approximated, becoming partially known through research (Creswell & Poth, 2018). As I 

surveyed and interviewed teachers, and interpreted their experiences, I attempted to accurately 

reflect their intended meaning. This is the sense in which I understand and enacted objectivity in 

this study.   

As Creswell and Plano Clark (2018) suggest, mixed methods research may draw upon 

various philosophical positions, but one best stance should inform the research. The philosophy 

that informed this mixed methods case study is postpositivist. With the pandemic and restrictions 
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to practical learning poised as a prominent background shaping the decisions science teachers 

made regarding what to teach and how to teach it, meaning in this research was constructed 

through my analysis and interpretation of data collected through surveys and interviews while 

relying on definitions of scientific literacy as stated in the literature reviewed earlier. Despite 

individual understandings of what scientific literacy is, this research was grounded on the 

understanding that there are certain things teachers should be doing, and certain things students 

should experience in order to become scientifically literate. I positioned myself in this study with 

extensive Grade 9 and Grade 10 science teaching practice, experience working with Grade 9 and 

10 science teachers and teacher candidates as a practicum advisor, and with remote teaching 

experience in Grade 9 and 10 science from March through June 2020. I have extensive practical 

hands-on teaching experience and brought an axiological perspective to this study which 

includes valuing experiential learning and active learning approaches that promote scientific 

literacy, as well as a specific notion of what effective science teaching to promote scientific 

literacy can look like. 

With a postpositivist perspective to educational research, Phillips and Burbules (2000) 

posit “human knowledge is not based on unchallengeable, rock-solid foundations—it is 

conjectural” (p. 26), and “the pursuit of true belief is a regulative ideal rather than an assumption 

that what is believed at any point in time is certain” (p. 28). Creswell and Poth (2018) note that 

postpositivist research is framed in multiple perspectives from participants, with the 

underpinning ontological assumption that a single reality exists beyond ourselves. The reliance 

on multiple stakeholder perspectives in a postpositivist approach in multiple or mixed methods 

research and case studies is emphasized by Young and Ryan (2020) who describe postpositivist 
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researchers as primarily objective but also as valuing subjectivity in their efforts to find meaning 

and build understandings.  

I chose to adopt the approach taken by postpositivist researchers following some 

traditions in empirical science that posit that in order to make a meaningful knowledge claim, 

studies must be supported by logical reasoning and empirical data that are verifiable. At the same 

time, these researchers acknowledge that culture, researcher axiology and other surroundings 

influence our perception of the world (Lederman & Abell, 2014). Wildemuth (1993) explains 

value in this approach advocating a type of methodological pluralism that allows the researcher 

to address their research questions through a combined positivist and interpretive lens, despite 

these two approaches taking very different views of the nature of reality and how one comes to 

know about or understand that reality. Wildemuth also describes case studies conducted with a 

postpositivist approach, suggesting this approach allows the researcher to address different 

specific research questions which not only contribute to the understanding of a general research 

problem, but richly inform it. Other scholars who approach case study from a postpositivist 

perspective include Harrison and McCaig (2017), who conducted a reflective case study in the 

UK on approaches in educational research through this lens. Findings of their case study relied 

on evidence and inference and the case produced useful insights for educational research. With 

the primary concern of postpositivist research to provide a rational explanation for educational 

phenomena (Lederman & Abell, 2014), I see this approach as aligned with the purpose and 

research questions of my study.  

Offering common research designs adopted in postpositivist research, including large-

scale surveys, Lederman and Abell (2014) describe how objective, logical empiricism can 

support research designs that aim to explain what is happening within an education program or 
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system, and why. Lederman and Abell explain that postpositivist research is objective, and 

educational researchers operating with this view and assumptions attempt to “systematically 

approach the truth as best as they can, in order to inform the people of interest (teachers, policy 

makers, etc.) to help make wise decisions” (p. 4). Through descriptions of studies collecting 

empirical data to objectively compare different teaching methods, Lederman and Abell (2014) 

also explain the postpositivist tradition focuses at least on correlational explanation, such as the 

influence of teachers on a particular student outcome. Along similar lines, my study used a case 

study methodology to seek understandings of the pedagogical decisions of teachers during the 

pandemic, and insights into teachers’ views of their impacts on student scientific literacy 

development.  

The question “can and should educational inquiry be scientific?” raised by Phillips and 

Burbules (2000) is answered by the current postpositivist view that “social science and 

educational research can, and ought, to be scientific” (p. 65), as “it is not the type of research that 

makes it scientific” (p. 86), but rather the researcher’s assumptions and interpretive framework to 

draw conclusions from it. With this in mind, while firmly grounded in the literature on scientific 

literacy and experiential and active learning theories, I was guided in this study by a 

postpositivist approach, based on seeking appropriate evidence for conclusions, all the while 

remaining open-minded to conclusions discovered in the data, as Phillips and Burbules suggest. 

Case Study Methodology 

Case study research served as the principal methodology for this study. Creswell and 

Poth (2018) consider case study methodology as a leading approach in the education field. Many 

scholars advocate this research approach including Merriam and Tisdall (2015), Saldaña (2016) 

and Yin (2014), as case study research is noted as a common methodology for understanding 
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complex phenomena. Creswell and Poth (2018) point out that intrinsic case studies are useful for 

studying unusual or unique situations. I consider teaching science and fostering scientific literacy 

during a global pandemic when different restrictions to in-person teaching and learning were in 

place to be an unusual situation.  

Case studies are defined by Yin (2014) as an “empirical inquiry investigating a 

contemporary phenomenon (the case) in-depth within its real-world context” (p. 16), and, along 

with a qualitative focus, it can also support a quantitative component. Yin further suggests a real-

world context is the primary reason for selecting a case study approach. I believe that teaching 

and learning during the COVID-19 pandemic provides such a context. Merriam (2008) offers 

that case studies are descriptive and moreover heuristic, supporting the educational potential of 

this methodological choice. By heuristic, Merriam means the data should reveal information 

relevant to the study while stimulating the reader to think beyond the information to application 

(Merriam & Tisdell, 2016). I see this as an important vision for my study. Furthermore, Creswell 

and Poth (2018) view case study research as a qualitative approach to explore a real-life, 

contemporary bounded system (case) through in-depth and detailed data collection from multiple 

sources of information such as interviews, documents and reports.  

Bound by the parameters of place—high schools in Manitoba; time—the COVID-19 

global pandemic that began in March 2020 and officially ended in May 2023 (WHO, 2023); and 

event—teaching Grade 9 and 10 science with restrictions to practical learning, I chose to use a 

case study methodology. As each Canadian province develops and implements its own science 

curriculum standards, Manitoba Grade 9 and Grade 10 science courses are framed by the 

Manitoba Education Senior Years Science curriculum standards document. As previously 

described, the COVID-19 pandemic is a well-defined period of time with significant pedagogical 
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disruption and therefore, is of particular interest. Finally, as noted earlier, Grade 9 and 10 science 

are the final two mandated general science courses in the province. They provide a final 

opportunity for students who do not take higher level elective science courses to develop 

competencies that support scientific literacy. As such, I see science pedagogy during this time as 

an event of distinct interest and importance. In summary, this research is a case study of the 

pedagogical response of Manitoba Grade 9 and Grade 10 science teachers during the COVID-19 

pandemic, to find insights of teachers’ views on the potential impacts of their pedagogical 

decisions on student development of scientific literacy concepts, skills and attitudes. 

Mixed Methods Research Design 

In this study, data collection, analysis, and final conclusions were framed on 

postpositivist assumptions. Greene’s (2007) view of a mixed methods way of thinking as 

“generative and open, as researchers seek richer, deeper, better understanding of important facets 

of our infinitely complex social world” (p. 20) underpins my thinking behind the methodology of 

this study. Aligning with a postpositivist paradigm, Creswell and Plano Clark (2018) offer a 

definition and core characteristics of mixed methods research as: collecting and analyzing both 

qualitative and quantitative data; integrating the two forms of data and their results; and 

organizing and framing research procedures within theory and philosophy. Many researchers 

turn to mixed methods when quantitative results alone will be unable to provide a complete 

understanding of a research problem, and further data is needed to help explain the results (e.g., 

Bazeley, 2018; Hesse-Biber & Johnson, 2015; Teddlie & Tashakkori, 2009) among others.  

As a mixed methods approach is based on assumptions that various legitimate approaches 

to social inquiry exist, and as any given approach is inevitably partial, multiple approaches can 

generate greater depth of understanding of a phenomenon (Greene, 2007). Bazeley (2018) 
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advises that multiple methods are often required to understand the complexity of social issues. 

Advocates for this question driven approach, including Hitchcock, think a mixed methods 

approach often helps them find the fullest answers, while the questions dictate the research 

design (Hesse-Biber & Johnson, 2015). Other scholars, including Bazeley (2018), Doyle et al. 

(2019), Greene (2007), Hesse-Biber and Johnson (2015), and Teddlie and Tashakkori (2009) 

reinforce the necessity of using a mixed methods research design when multiple research 

components or phases are needed to answer the research problem. I contend that this is the case 

in my study.  

Of particular interest to me is Bazeley’s (2018) perspective that mixed methods is a 

generic term for any research that involves multiple sources and types of data and/or multiple 

approaches to data analysis. Bazeley is not insistent that mixed methods research rely on a 

“quantitative” and “qualitative” method, but rather “could be two methods that people call 

qualitative” (p. 2)—making the point that the distinct separation between the two components 

can range significantly along a quantitative-qualitative continuum. Some researchers in fact 

extend beyond this quantitative-qualitative continuum to employ two qualitative components in 

their mixed methods research to obtain a more comprehensive understanding of a phenomenon 

from differing perspectives, when two data sets regarding particular aspects of a phenomenon are 

required from those experiencing the phenomenon (Hesse-Biber & Johnson, 2015). Regardless 

of the choice of methods selected, using a mixed methods design is important when multiple 

sources of data will help support the study and answer the research questions (Bazeley, 2018). 

Greene (2007) provides an additional rationale for a mixed methods design relevant for this 

study: “If it is important to gauge both the frequency and intensity of a phenomenon and its 

experiential meaningfulness, it simply makes good methodological sense to use both a survey 
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and a case study design” (p. 28). Of further relevance to this study, Hesse-Biber and Johnson 

(2015) suggest a qualitatively sequential mixed methods design is useful to gather quantitative 

descriptive information, like demographic statistics of the population in the study, so the findings 

of the core qualitative study can be situated within a larger context.  

Finally, regardless of the independent nature of the components, of great significance to 

mixed methods research is some form of data integration to draw final conclusions. Scholars 

suggest the multiple components must engage in conversation with one another at the analysis 

level to allow for a more complex understanding of the research problem (Bazeley, 2018; Doyle 

et al, 2019; Hesse-Biber & Johnson, 2015). As much of the mixed methods research scholarship 

focuses on the systematic integration of quantitative and qualitative methods in a single study in 

order to obtain a fuller picture and deeper understanding of a phenomenon (Johnson et al., 2007; 

Mat Roni et al., 2020; McKim, 2017), it is important to understand ways that this integration 

might occur. I appreciate Bazeley’s (2018) suggestion that quantitative approaches to research 

focus on measuring or estimating the quantities of things while qualitative approaches to 

research focus on interpreting and describing their qualities. Most mixed methods scholars assert 

great flexibility with this approach, where the wide ranging qualitative-quantitative continuum 

allows a study to be located at any point along the continuum, or at either end (Bazeley & 

Brindle, 2015; Creamer, 2018; Teddlie & Tashakkori, 2009). Examples of such an approach are 

seen when quantitative findings from a large sample and set of closed-ended questions are nested 

or embedded within a qualitative small sample and open-ended approach, to allow for a more 

robust understanding of the phenomenon and support stronger conclusions than those possible 

with a single method (Creamer, 2018; Hesse-Biber & Johnson, 2015). Although Hesse-Biber and 

Johnson (2015) relay concerns that many mixed methods studies remain “unmixed, with little 
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interaction between the two methods” (p. xli), scholars including Buck et al. (2009) describe how 

quantitative and qualitative components are effectively integrated for stronger conclusions in the 

mixed methods sequential explanatory design used in their study. I adopted a similar approach 

for integrating the data from the two phases of my study. 

Numerous advantages to utilizing a mixed methods research design, reported by Creswell 

and Plano Clark (2018) were realized in this study: more evidence for the research problem was 

obtained through different but complementary data on the same topic, achieved through the 

Phase I survey and Phase II interviews; limitations of a solely quantitative or qualitative 

approach were offset as neither Phase I nor Phase II data collection methods provided ample data 

to answer the research problem; synergistic insights going beyond quantitative or qualitative 

approaches emerged, as integrating the Phase I and Phase II results provided deeper insights than 

the individual results of each phase; and finally a mixed methods research design offered 

opportunity to use several possible methods to address the research problem and valuable 

opportunity to use both numbers and words to answer the research questions.  

Despite considerable debate among mixed methods scholars and the evolving view of this 

research design in recent decades, it is agreed that better understanding of the multifaceted 

character of education can be reached through multiple approaches in research (Greene, 2007). 

As such, the research design for this study had two phases which I saw as necessary to 

adequately answer the research questions: survey results were important to the initial phase of 

this research, and data from interviews were critical for enhanced understanding of the research 

problem in the second phase. Although a wide array of typologies and mixed methods designs 

are reported in the literature (e.g., Creswell & Plano Clark, 2018; McKim, 2017), the case 

selection variant of the sequential explanatory design is the core design I utilized (Creswell & 
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Plano Clark, 2018; Teddlie & Tashakkori, 2009). Accordingly, Phase I of this mixed methods 

case study mainly sought to find what scientific concepts, skills and attitudes teachers prioritized 

before and during the pandemic, while Phase II investigated the pedagogical decisions reflecting 

teachers’ adjustments during the pandemic. Drawing on Teddlie and Tashakkori, I see these as 

distinct exploratory and explanatory phases. The integrated analysis of both sets of data provided 

insights into the potential impact of teachers’ decisions on the advancement of student scientific 

literacy. The results from the first phase provided a general understanding of the research 

problem; while the results from participant interviews helped me to expand and explain the 

survey results to provide a deeper and more nuanced understanding of the research problem. 

Methods 

Two phases were used in this mixed methods sequential explanatory case study design. In 

the first phase, data was helpful to mainly answer the sub-questions:  

1. What curricular units and learning outcomes did Manitoba Grade 9 and Grade 10 

science teachers prioritize prior to and during the COVID-19 pandemic?; and 

2. Which Grade 9 and 10 science learning outcomes were taught through practical work 

prior to the pandemic and which ones were taught through alternative activities amid 

school lockdowns and restrictions during the pandemic? 

Data in this phase was collected through an anonymous online survey open to all Manitoba 

teachers with experience teaching Grade 9 and/or Grade 10 science prior to and during the 

COVID-19 pandemic. I conducted the survey between September 1, 2022 and October 21, 2022 

and 58 teachers responded. 
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In the second phase, data from a sub-set of teachers who had responded to the survey 

(n=11) with experience teaching Grade 9 and Grade 10 science was collected through follow-up 

interviews. This data mainly helped to answer the sub-questions:  

1. In what ways did teachers limit and/or adjust practical learning opportunities for 

Grade 9 and Grade 10 science students during the pandemic?; and  

2. How did teachers perceive alternatives to practical work allow them opportunity to 

effectively promote scientific literacy?  

Although data primarily from Phase I was helpful to answer the first two sub-questions, and data 

primarily from Phase II helpful to answer the final two sub-questions, in mixed methods research 

the data is integrated. Consequently, some data collected in each phase was useful to answer sub-

questions in both phases. An overview of sub-questions (shortened for the table) addressed in 

each phase of this study, in association with numbered questions from the two research 

instruments is presented in Table 1. 

Table 1 

Research Sub-Questions Addressed by Phase I and Phase II Research Instruments 

Phase I 

 

Survey 

Questions 

(S ✓) 

Phase I Sub-Questions Phase II Sub-Questions Phase II 

 

Interview 

Questions 

(I *) 

Units/LOs 

prioritized prior 
to/during pandemic? 

LOs taught via 

practical work pre-
pandemic/alternative 

activities during? 

How do teachers 

limit/adjust practical 
work during the 

pandemic? 

How do teachers 

perceive alternatives 
effectively promote 

SL during the 

pandemic? 

S I S I S I S I 
1 ✓ *  *  *   1 

2 ✓ *       2 

3 ✓ *  *     3 

4 ✓ *  *     4 

5 ✓ *  *  *   5 

6 ✓ *  *  *   6 

7 ✓     *   7 

8 ✓   *  *   8 

9 ✓ *  *  *  ✓ 9 

10 ✓     *   10 

11 ✓ *    *  ✓ 11 
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12 ✓   *  *   12 

13   ✓   *   13 

14   ✓  ✓ *  * 14 

15 ✓  ✓ *  *   15 

16 ✓ * ✓ * ✓ *  * 16 

17 ✓  ✓     * 17 

18 ✓  ✓  ✓   * 18 

19 ✓  ✓   *   19 

20 ✓  ✓  ✓ *  * 20 

21   ✓  ✓  ✓  

22 ✓  ✓  ✓  ✓  

23 ✓  ✓  ✓    

24       ✓  

25 ✓  ✓      

26 ✓  ✓  ✓  ✓  

27 ✓  ✓      

28 ✓  ✓  ✓    

29 ✓  ✓      

30 ✓    ✓    

 

Following data analysis of each independent phase, an integrated interpretation of the two 

forms of data and their results was conducted. The methods and rationale for each step of data 

collection and analysis are elaborated on, following a brief overview of ethical considerations in 

this study. 

Ethical Considerations 

Ethical considerations for all stages of this research along with a plan to address any 

anticipated concerns were required. This research addresses three ethical principles: respect for 

persons, concern for welfare, and justice (Van den Hoonaard, 2019). My completion of the Tri-

Council Policy Statement Course on Research Ethics (TCPS 2: CORE), Privacy Training for 

Researchers (PHIA), and submission of the University of Manitoba Research Ethics Board 

(REB) Protocol Submission Form were critical first steps addressing respect for persons, concern 

for welfare and justice. Ethical considerations in Phase I and Phase II, specific to participant 

recruitment, data collection and data analysis are described in context. In consideration of the 
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COVID-19 pandemic and the safety of all participants, all phases and steps of this research were 

conducted remotely. 

Recruitment of Participants 

Grades 9 and 10 teachers in all 38 Manitoba school divisions were invited to participate 

in the first phase of this mixed methods case study. An invitation was sent to school divisions, 

via email, to recruit teachers to participate in the first phase of this study through an anonymous 

survey; along with an invitation for teachers to participate in a follow-up interview in Phase II. 

Emails to all of the 38 Manitoba school division superintendents to introduce and explain the 

purpose of the study, along with informational and consent letters for participants were sent out 

after research ethics approval was obtained (Appendix A). The email included a request to 

distribute invitation letters to all science teachers with teaching experience in either Grade 9 or 

Grade 10 science prior to and during the COVID-19 pandemic. Permission for teachers to 

participate in this study was granted by 21 superintendents; 11 superintendents did not respond 

despite a follow-up email and phone call invitation; and six superintendents did not allow their 

teachers to participate. Consent for participation in the Phase I anonymous online survey and 

confirmation of science teaching experience in Grade 9 and/or Grade 10 science in Manitoba was 

collected digitally through SurveyMonkey when teachers opened the survey link. The invitation 

to participate in the Phase II follow-up interview specified inclusion criteria for teachers with 

experience teaching Grade 9 and 10 science, prior to and during the pandemic. This approach 

aimed to yield a diverse group of Phase II participants to best serve the research questions and 

aims (Creswell & Plano Clark, 2018). Electronic documents for the Phase II interviews were 

provided for participant consent and signature and were collected via email. An electronic scan, 

or photograph of the consent form with hand-written signatures was accepted as informed 
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consent through teacher email. A request was made for teachers to respond within a two-week 

period to participate in Phase II of the study; and two follow up emails were sent to each school 

division after one and two weeks of the first email, respectively.  

Development and administration of the Phase I survey guided by Vannette and Krosnick 

(2018), Toepoel (2016), and Sullivan and Artino (2017) afforded improved coverage of the 

intended population and the advantage of self-administration (Vannette & Krosnick, 2018) along 

with low costs and quick participant responses (Toepoel, 2016). I considered the 

recommendations of these scholars as I created the survey. Notably, according to Vannette and 

Krosnick (2018) when surveys are well-designed, they are a trusted method of data collection 

capable of capturing high quality data. I aimed to reach a large open-ended population sample 

with the survey. However, the size of the sample obtained was influenced by many factors, 

including the September through October dates when the survey was made available. This is a 

time of year when teachers can be quite busy, which may have been exacerbated during the 

pandemic. To estimate how many teachers met the inclusion criteria to participate in the survey, 

I reviewed the September 2020 summary of Senior Years Enrolment for grades 9-12 and learned 

there were 63,185 students spanning the four grades (Manitoba Education, 2020). I reasoned that 

if approximately half of these students are Grade 9 and Grade 10 students—perhaps totalling 

30,000; and with average class size reported in Manitoba to be 25-30 (MacLean, 2020), at most, 

1000 teachers might teach Grade 9 and 10 science in Manitoba. When the survey closed, the total 

of 58 responses submitted over a period of two months were fewer than expected—yet sufficient 

to derive meaningful descriptive statistics (Shi & McLarty, 2009) related to the Phase I sub-

questions. The survey participants taught in school divisions in urban Winnipeg, other urban 

centers, or in rural Manitoba.  
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In keeping with recommendations for this mixed methods case study methodology, an 

open-ended number of teachers were invited to participate in Phase I, while a closed-ended 

sample was sought for Phase II of this research (Creswell & Poth, 2018). Following Merriam’s 

(1998) recommendation that a minimum of ten participants who experience a phenomenon are 

necessary for in-depth interviews in any case study; ten participants were sought to inform the 

Phase II sub-questions. Collecting sufficient qualitative information to identify meaningful 

themes and a range of explanations for the Phase I results was an important consideration in 

Phase II (Creswell & Plano Clark, 2018). Teachers with experience teaching both Grade 9 and 

Grade 10 science were sought to offer common, yet different information in both courses and 

offer additional perspectives of student readiness to advance between Grade 9 and Grade 10 

science. A total of 11 science teachers across Manitoba with experience teaching both Grade 9 

and Grade 10 science prior to and during the pandemic volunteered to participate in a Phase II 

interview after the four-week response period. All 11 volunteers were included in the study. 

These 11 teachers taught in eight different Manitoba school divisions, four in urban centers and 

four in rural communities.  

Hesse-Biber and Johnson (2015) indicate that a Phase II subset sample such as this can 

allow for readily generalizable results, while also directly linking the two phases of the study. 

However, since responses to the Phase I survey in my study were anonymous, I was unable to 

link survey responses to the interview participants. Following the 11 interviews, I felt that I 

obtained sufficient explanations for the Phase I data, legitimizing a stopping point for category 

and theme development (Morse et al., 2021). 
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Data Collection 

The Phase I data collection process was completed anonymously by teachers through a 

SurveyMonkey questionnaire administered through my personal, paid university student account 

with password protected enhanced security and IP blocking enabled. The SurveyMonkey 

questionnaire consisted of seven demographic questions and thirty closed-ended questions 

(Appendix B). The survey required approximately 10-15 minutes for teachers to complete. The 

questionnaire was designed to primarily inform the central research question, and the two Phase I 

research sub-questions.  

The informational email sent to Manitoba school divisions for distribution to participants 

included the anonymous survey link, with a survey start and close date. Follow-up phone calls 

were placed to school division offices after two weeks, and a second follow-up email with the 

link was sent to the school divisions three days prior to the survey close date, as a reminder. 

Superintendents from 21 of Manitoba’s 38 school divisions confirmed distribution of the link to 

their Grade 9 and Grade 10 science teachers, by phone call or email. While 11 superintendents of 

the remaining 17 school divisions did not respond, six superintendents decided not to distribute 

the information to teachers in their division.  

All data collection and data storage complied with University of Manitoba Research 

Ethics Board (REB) requirements, and the survey data was secured and protected through my 

SurveyMonkey plan and saved on my University of Manitoba OneDrive account for analysis. 

Phase II semi-structured interviews were guided by an interview protocol with twenty 

questions (Appendix C) developed deductively from the relevant science education literature and 

Manitoba Senior Years Science curriculum standards to collect data to answer the Phase II 

research sub-questions. The Phase II interview protocol was set in advance to answer the 
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research questions and was not dependent on the Phase I results. The interview questions related 

directly to pedagogical decisions about student opportunities in Grade 9 and Grade 10 science to 

learn scientific literacy concepts, skills, and attitudes, as per field specific definitions in the 

relevant literature, and as framed by experiential and active learning theories. As qualitative 

research often requires asking participants open-ended questions in which they have opportunity 

to freely share their experiences and views (Creswell & Poth, 2018), the interview questions 

were designed accordingly. Further, when participants were asked questions scripted in the 

interview protocol during the one-hour remote session, whenever they offered additional 

information while openly answering each question, fewer questions were required; in other 

instances, further probing was necessary.  

Interview data was collected from the 11 participants through my University of Manitoba 

Zoom account. The interviews were recorded to the cloud for Zoom auto-transcription, but 

participants had the choice to keep their videos off during the interview. Digital recordings of the 

interviews were encrypted and stored in my University of Manitoba OneDrive account for data 

analysis. The interviews were auto transcribed verbatim and checked for accuracy against the 

digital recording. I made field notes following each interview, and memos were entered 

electronically in the margins of the interview transcripts. A copy of their transcribed interview 

was provided to each participant by email, and they were given the opportunity to make changes 

within two weeks. One participant responded with a ratifying comment, but none responded with 

concerns or requested changes to their transcript. 

Interview participants were invited to participate remotely in this study for their 

protection, as in-person interviews during the pandemic presented health risks. Also, I 

considered that interviewing remotely made it easier for participants from afar to contribute their 
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perspective. Interviews were scheduled in advance with each participant as suited to their 

schedule, and each interview took between 50 and 60 minutes. I assigned numbers to the 11 

participating teachers (E.g. Participant 1, [P1]), for use in the direct quotes and in writing about 

this research, in order to shield participants’ identities as agreed in the consent process. 

Participants were assured that their engagement in the study was voluntary and that they could 

withdraw from the study if they chose, at any point before writing of results began. Electronic 

transcripts, field notes and memos, along with digital recordings of interviews were all encrypted 

and stored securely on my University of Manitoba OneDrive storage, and the interview 

recordings were destroyed following data analysis.  

A twenty-dollar gift card was provided to each interview participant for their 

participation in Phase II of this study. After data analysis was completed and no further 

communication was required with the Phase II participants, a summary of results was sent to 

each participant by email. Although participants were given a two-week response period for 

feedback or questions related to the summary, no responses were received. 

Data Analysis  

Analysis of the quantitative Phase I data and qualitative Phase II data were first 

conducted independently, prior to an integrated analysis. Data analysis in this study was coupled 

with data collection throughout the entirety of the study following Merriam’s (1998) suggestion. 

As such, field notes and memos were made concurrently throughout data collection and analysis 

in the quantitative and qualitative phases of this study.  

Phase I Analysis. In Phase I, 58 Manitoba Grade 9 and/or Grade 10 science teachers 

responded to the survey over a two-month period in the fall of 2022 through SurveyMonkey. I 

examined the file in SurveyMonkey and converted it into a pdf file for data analysis. I conducted 
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descriptive statistics for the basic features of the demographic data (questions 1-7), to provide 

simple quantitative descriptions of the participants in keeping with Shi and McLarty (2009) and 

Teddlie and Tashakkori (2009). To describe the demographic data, I tallied response numbers to 

determine the percentage of the respondent population for each response option in demographic 

questions 1-3. I calculated the mean, mode, and percentages of the respondent population for 

demographic questions 4-7. I then examined the demographic data against the survey research 

responses, for correlations or patterns between demographic subgroups with different: science 

teaching experience, scientific discipline expertise, geographic community, and Grades 9 and/or 

10 science teaching experience prior to or during the COVID-19 pandemic. Since patterns 

between group’ responses were not apparent, analysis between the different subgroups was not 

conducted. The few responding novice teachers for example did not respond differently than 

participants with greater experience, so the research data from all participants was analyzed and 

reported collectively. As descriptive statistics in mixed methods research allow for easily 

interpretable tables and summaries to detect patterns and better communicate results (Teddlie & 

Tashakkori, 2009), they were of further value to the analysis of the survey research data. I 

utilized SurveyMonkey descriptive statistics for the survey research data (questions 1-30) 

including mean, mode, and the percentage of the respondent population, and double checked 

with calculations by hand to ensure accuracy. I printed and analyzed the data for broad trends, 

conveying descriptive statistics for the basic features of the research data in tabular form (Hoy, 

2010).  

For the analysis of survey research questions 1-12, I calculated the mode and the total 

responses to each question and the percentage of the respondent population; in questions 13-24, 

mode, mean and percentage of respondent teachers were determined from the total responses to 
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each question, and a number was assigned to each response (1, 2, 3, 4…) to support these 

descriptive statistics as guided by Creswell and Plano Clark (2018); in questions 25-30, the total 

number of responses to each item were used to calculate the percentage of participants 

responding to each item. Additionally, questions 25-26 were temporally paired to gather pre-

pandemic and pandemic data and were further described by calculating the change in teachers’ 

responses pre- and during the pandemic. The data was then analyzed with reference to the 

research questions and represented in text and tables (Creswell & Plano Clark, 2018). The survey 

findings were helpful to answer the two Phase I research sub-questions, for informing the 

integrated analysis, and for answering the main research question. 

Phase II Analysis. The Phase II data collected through 11 semi-structured interviews 

were analyzed in timely conjunction with data collection, which was helpful for maintaining 

research trustworthiness: credibility, transferability, dependability and confirmability (Creswell 

& Plano Clark, 2018; Saldaña & Omasta, 2018; van Manen, 2014). Analysis of the Phase II data 

was guided mainly by mixed methods scholars Creswell and Plano Clark (2018), Hesse-Biber 

and Johnson (2015) and Teddlie and Tashakkori (2009); and qualitative research scholars Morse 

et al. (2021), Saldaña (2016), Corbin and Strauss (2008) and Bogdan and Biklen (2007). In my 

opinion, these scholars recommend similar approaches to qualitative data analysis, such as ways 

to organize, code and categorize data and to identify themes and meaning in the data. 

Following each interview, I checked the Zoom autogenerated transcriptions for accuracy 

by listening to the recordings while reading each transcription. The resulting edited transcriptions 

from the 11 one-hour interviews ranged in length from 7352 to 10,761 words, with transcription 

notations included: italics for verbal emphasis; and verbal descriptions of participant gestures or 

text clarification within square brackets. Field notes were generated electronically after each 



77 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

interview from initial jottings to facilitate my memory of the session, and contained the date, 

time, and participant details as suggested by Saldaña (2016). I added observer comments (O.C.) 

to ensure timely capture of important emphases expressed by participants (Bogdan & Biklan, 

2003) and to document my immediate responses, interpretations and questions (Saldaña, 2016). 

Saldaña suggests that insights from written documentation of participant observation in field 

notes from qualitative research are “potential sites in which rich analysis can occur” (p. 45). An 

example of a field note I wrote is: 

This teacher taught all four units in Grade 10 science for several years, so it was 

surprising to hear they hadn’t taught any of the Weather SLOs during the 

pandemic. They also seemed very self conscious about mentioning this—

perhaps comparing themselves to other teachers, or wondering how I perceived 

this? 

The transcript data was then formatted in a Word document with extra wide margins to 

accommodate electronically written memos. After transcripts were printed to aid in analysis, 

read, and re-read to obtain a sense of the data, memos about my initial thoughts were recorded in 

the transcript margins based on the suggestions of Creswell and Plano Clark (2018) and Morse et 

al. (2021). Saldaña (2016) suggests such memos, 

Should read like letters to a close friend, a journal or a lab notebook, and 

valuable private and personal researcher musings, informed hunches, “ah-ha” 

moments of insight, and intuitions that are question-raising, connection-making, 

and answer-generating can lead to a richer and more powerful explanation of the 

study’s setting, context and participants. (p. 44) 
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Thornberg and Charmaz (2014) inform that memo writings provide the researcher with 

an “intellectual workplace” to help work toward a solution to their research problem. As such, I 

utilized memos to refine interview questions for each subsequent interview. Many qualitative 

research methodologists agree that whenever anything related to coding or the analysis of data 

comes to mind, researchers should write a memo about it immediately, with a goal not to 

summarize data but rather to reflect and expound on the data (Saldaña, 2016). Saldaña adds that 

these reflections can guide the coding process and might include: How the researcher relates to 

the participants and/or the phenomenon; the participants’ routines, roles and relationships; code 

choices and their operational definitions; problems with the study; personal dilemmas with the 

study; emergent patterns, categories and themes; and tentative answers to the study’s research 

questions. An example of one memo I wrote was: 

As I reflect on their comments, this teacher seemed to be particularly emotional 

when answering questions about how many clusters and SLOs they taught 

during the pandemic. Their strong position is shared by several other 

participants. I wonder what the average response might be if all Manitoba 

grades 9 and 10 teachers responded—does a qualitative mean exist? 

Both memo writing and coding are concurrent analytic activities, but while memos are 

“sites of conversation with ourselves about the data” (Saldaña, 2016, p. 44), codes are 

researcher-generated constructs, most often a word or short phrase applied to the data that 

symbolize a summative, evocative or essence-capturing attribute to translate the data, and form 

the critical link between data collection and the researcher’s explanation of meaning. As such, 

following my initial immersion and free “brainstorming” with the data (Corbin & Strauss, 2008), 

I completed memo writing for each interview transcript, and began coding while interviews were 
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still underway by developing codes to conceptually capture what the data described (Morse et al., 

2021). Saldaña (2016) informs that since researchers bring their personalities, predispositions, 

subjectivities and even quirks into the process of coding, judgment is required, and researchers 

should only code relevant text that surfaces in the data. Saldaña also indicates coding prompts 

deep reflection and attributes complex interpreted meaning to each individual datum, allowing 

codes to eventually become part of a broader scheme of classification as they are placed into 

categories which subsequently evoke greater themes or higher-level concepts.  

In this study I developed some codes from the exact wording of the participants (Creswell 

& Plano Clark, 2018) while composing others deductively drawing on the science education 

literature regarding scientific literacy and practical learning, and the curriculum documents; or 

inductively drawing on my positionality as a Grade 9 and Grade 10 science teacher and science 

education doctoral student. Saldaña’s (2016) view that qualitative researchers often encode major 

units of social organization including occupational tasks and roles like teacher and student was 

also considered in code development and grouping. Codes that I developed from participants’ 

exact words and grouped together as teacher experiences for example, include difficulties, 

concerns, mental health and physical health. Deductive logic, though less frequently relied upon 

in qualitative analysis compared with inductive reasoning (Teddlie & Tashakkori, 2009), 

propped the development of several codes. Examples of codes I developed deductively against 

the relevant science education literature include scientific literacy, curriculum, skills/attitudes, 

unit/cluster, SLOs, and GLOs. Examples of codes I developed inductively include pandemic 

mode, priorities, alternatives, knowledge gaps and benefits.  

Creswell and Plano Clark’s (2018) suggestions were additionally useful: reviewing field 

notes and memos are helpful to seek broad trends in the data, and coding ideas by grouping 
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evidence to reflect increasingly broader categories can provide the necessary perspective to 

answer the research questions. As such, after reviewing all the data, field notes and memos, I 

created a qualitative codebook in tabular form with code descriptors (Creswell & Plano Clark, 

2018). I then coded the qualitative interview data in the participant transcripts, one transcript at a 

time. According to Morse et al. (2021) qualitative researchers code data “word by word, line by 

line, and clump by clump to conceptually capture what is happening in the data” (p. 5). Utilizing 

such qualitative approaches, line by line coding, or first level coding was applied to this data as 

meaningful words and phrases were highlighted with different colours, and appointed codes were 

added to previously written memos written in the margins. Codes were applied to phrases, 

sentences or groups of sentences within the data that shared a common idea. Following the 

advice of Corbin and Strauss (2008), the significant time I spent with the data to gain insights 

into grouping ideas conceptually was vital in code development and in early analysis and helped 

me to prevent hasty conclusions that might prove wrong as analysis proceeded.  

Drawing strategies from qualitative research methodologists, I coded the data using a 

constant comparative method (Corbin & Strauss, 2008) or repetitive process often used by 

researchers to engage with all of the data while checking emerging interpretations (Hunter et al., 

2005). This process is generally described as ongoing analysis while data collection continues 

(Teddlie & Tashakkori, 2009), and when researcher interpretations change as more data is 

gathered. So, while coding the transcripts, I compared each subsequent transcription against 

those previously coded, in cyclic fashion, which in turn helped guide the coding process 

(Saldaña, 2016). As I read and re-read the interviews in their entirety while reflecting on them as 

a whole, I modified some codes in the process. Following the guidance of Bogdan and Biklen 

(2007) who recommend limiting codes to 30 to 50, 39 codes were originally created after reading 
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then re-reading the transcripts. Three were dismissed on further analysis while another two were 

added, resulting in 38 codes used in this study. As listing codes and assigning an abbreviation to 

each code is considered helpful to analysis (Bogdan & Biklen, 2007) abbreviations were created 

for the 38 codes used in transcript analysis. After first level coding, codes were grouped by type 

in light of the research questions as qualitative research scholars suggest (Morse et al., 2021), 

and initial code groups were categorized systematically to describe emerging ideas and 

descriptive categories.  

Interconnections between the categories were sought as certain patterns and linkages 

emerged, primarily via frequency, omission, or similarity. Identifying codes used frequently in 

data analysis allowed repetitive patterns in what participants talked about and repetitive 

occurrences in their daily lives to become consistencies documented in the data, and trustworthy 

evidence for my findings (Saldaña, 2016). As categories were finalized and ultimately 

interrelated into a set of seven themes (Creswell & Plano Clark, 2018), evidence for the 

emergence of themes is described. To provide this evidence, I relied on the direction of 

qualitative scholars (e.g. Creswell and Plano Clark, 2018; Lingard, 2019; Younas et al., 2023) to 

use specific quotes from individual participants, to share multiple perspectives showing 

divergent views, and to use thick description. Once all of the qualitative data had been analyzed, 

the major qualitative findings were summarized and interpreted in light of how they answered 

the Phase II research questions.  

Integrated Analysis. In the next stage of analysis, the two sets of results in this mixed 

methods case study were integrated for interpretation, to identify how the Phase II results helped 

to explain and extend the Phase I results, and how both, together, answered the central research 

question (Creswell & Plano Clark, 2018). Creswell and Plano Clark (2018) emphasize the 
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integration of quantitative results with the sequential follow-up qualitative phase is critical to an 

explanatory sequential mixed methods design, however they also note that some researchers will 

report their study with a distinct quantitative and sequential qualitative section to provide clarity 

for readers. I chose to adopt this delineated approach in this research study, while attempting to 

reflect the true value of mixed methods research to generate additional insight beyond those 

gleaned from strictly separate quantitative and qualitative results seen in multi-methods research 

(Creswell & Plano Clark, 2018). Creswell and Plano Clark propose data analysis of each 

independent research phase followed by an integrated analysis examining the interface of 

quantitative and qualitative results can yield deeper understanding of the case, as personal 

experiences are used to help explain and expand on Phase I results. As such and guided by the 

collective advice of research scholars, analysis of the Phase I and Phase II data were conducted 

sequentially but independently followed by an integrated analysis of the two phases grouped 

according to the research questions. 

The procedural steps for data analysis integration used in this study included: comparing 

quantitative and qualitative results to find common concepts across both sets of findings; 

determining how results confirm, disconfirm or expand each other; and advancing interpretations 

of how the confirming, disconfirming, and/or expanded evidence enhances understanding of and 

provides insight into the research problem (Creswell & Plano Clark, 2018).  

Summary representative statements of two kinds were described to support findings in 

the integrated analysis: Those emphasized and/or repeated in association with the research 

questions, and those with compelling language or offering unique perspectives to the research 

questions. Finally, theme development described in the Phase II data analysis, was confirmed 



83 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

during the integrated analysis via significant concepts linking the Phase I and Phase II data 

together. 

Research Quality and Rigour 

Quality and rigour were a priority in this study. Through mixing methods, the use of 

more than one source of data props the quality of this research (Lincoln & Guba, 1985). Creswell 

and Poth (2018) advise rigour has been a focus of concern in case study research, and is reliant 

on three factors: verification, validation and validity. Verification through, for example, literature 

searches and adhering to methods and keeping field notes, were critical to achieving research 

validity (Hesse-Biber & Johnson, 2015) and were important to this study.  

Creswell and Plano Clark (2018) suggest specific validity threats in explanatory 

sequential mixed methods designs, which might include difficulty with connecting the initial 

Phase I results with the follow-up Phase II results. The validity of the research instruments and 

purposeful recruitment of science teachers with Grade 9 and/or Grade 10 teaching experience 

prior to and during the pandemic helped to support this connection and decrease this threat. A 

deductive approach to the development of the survey and interview protocol, from the relevant 

science education literature, Manitoba science curriculum documents, many years of experience 

I have teaching Grades 9 and 10 science, and my graduate work in science education helped to 

ground the validity of these research instruments.  

Validity and reliability of the Phase I survey data were enhanced through careful design 

of the online survey research instrument connecting the demographic and research survey 

questions to the main research questions guiding this study (Toepoel, 2016). Guided by Sullivan 

and Artino’s (2017) principles of survey design to utilize: technically accurate questions; simple, 

specific wording; complete sentences with as few words as possible; equal numbers of positive 
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and negative categories for scalar questions; both sides of behaviour scales in the question stem; 

and avoiding double-barrelled, leading and excessively long questions bolstered survey quality. I 

was directed by Vannette and Krosnick’s (2018) content, cognitive, and usability standards to 

use a 5-point scale to optimize unipolar rating and maximize discrimination without sacrificing 

reliability, and to select verbal labels instead of numbers. Validity was further enhanced with the 

inclusion of several negatively-keyed questions, and an expected completion time of under 15 

minutes to minimize survey-fatigue. I pretested the survey with three subjects similar to the 

target population to ensure question clarity prior to the start date. Finally, the survey data was 

reviewed for outliers, and for consistency, as varying degrees of frequency are expected 

(Sullivan & Artino, 2017). 

Creswell and Poth’s (2018) and Creswell and Plano Clark’s (2018) strategies for 

validating qualitative research findings were an important guide for the Phase II interview data. 

Creswell and Plano Clark suggest that qualitative validity comes from standards based on 

researchers and participants, and overall trustworthiness or authenticity by assessing whether the 

information obtained through the qualitative data collection is accurate. Further rigour and 

validity were accomplished through various steps as Phase II of this study was conducted. First, 

to ensure interview accuracy, participants were provided a copy of the transcript data, with a 

request to check and respond within a two-week period. Second, analysis was conducted 

concurrently with data collection and I carefully coded the transcripts and carefully selected 

quotes of participant’ experiences from the data. Finally, participants were provided with a one-

page summary of results via email following the study’s completion to ensure that participants 

were satisfied that they had expressed what they wanted to express in their interview, to support 

the validity of the Phase II results.  
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To increase interpretive rigour in this study, I followed Teddlie and Tashakkori’s (2009) 

recommendations to first pursue interpretive consistency by ensuring that my inferences 

followed relevant findings; and second, to attempt for theoretical consistency by ensuring my 

inferences were consistent with the current scholarly literature. Meta-inferences that I made 

during integration of the Phase I and Phase II data sets further strengthen rigour and 

trustworthiness of this study (Fetters et al., 2013). Additionally, trustworthiness of my 

interpretations was enhanced as I made some adjustments in response to numerous discussions 

with my advisor throughout the two-year data analysis period. Finally, I checked the Phase II and 

integrated findings against trustworthy criteria to guide qualitative research: credibility, 

dependability, confirmability and transferability (Creswell & Plano Clark, 2018; Lincoln & 

Guba,1985). Lincoln and Guba indicate that detailed context and description of the case allow 

for comparisons that support transferability, and enhance trustworthiness of this research.  

Mixed methods research scholars Hesse-Biber and Johnson (2015) claim “post-positivists 

strive for generalizability”, but in case studies the aim is to often find transferability (p. 395). 

According to Eisenhart (2009) the tendency of inferences to extend beyond the participants and 

context is both possible and important in educational research. Fendler (2006) posits that 

generalization seeking to find an overall pattern from an array of specific examples can provide 

validation to those inferences, and Shavelson and Webb (2009) describe the value of 

generalizability for small cases studies. Moreover, generalization is important for educational 

researchers attempting to improve education, as otherwise, “it hardly seems likely that they 

would willingly devote their professional time and energy to studies that do not generalize in 

some way … who really does not want to apply or infer from what has been learned in a study 

beyond the particular case?” (Eisenhart, 2009, p. 65). Generalizability however, was not a 
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primary goal of this study, yet the “snapshot” of experiences of Manitoba Grade 9 and Grade 10 

science teachers throughout the COVID-19 pandemic and the research findings may be 

transferable to other similar situations.  

Huberman and Miles (2002) posit thick descriptions of both the case study site and the 

site one wishes to generalize to, are vital for assessing the extent to which the findings from one 

study might occur in another situation. Maxwell (2022) explains that transferability as a strategy 

for generalization has been established in qualitative research and its use in mixed methods 

research depends on understanding how the meanings and processes might operate in a different 

context. Given the extremity of the unprecedented case study “site” of Manitoba Grade 9 and 

Grade 10 science classrooms during the COVID-19 pandemic, some of the findings of this study 

may be transferable to future extreme situations where remote teaching may be required; or 

across disciplines when practical learning opportunities are restricted. Maxwell (2022) 

emphasizes it is the responsibility of the researcher to provide sufficient contextual information 

to facilitate such a transfer, and contends the burden is on the reader or potential user of the 

results to determine how this information is relevant in a new context.  
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Chapter IV: Findings and Discussion 

This chapter is organized to include: a discussion of the Phase I survey findings presented 

in tabular form and a summary of these findings; a discussion of the Phase II interview findings 

presented through the lens of seven themes and a summary of these findings; and an integrated 

analysis and discussion of the Phase I and Phase II findings. The main research question, and 

Phase I and Phase II sub-questions guiding this study are addressed in context with relevant 

findings.  

Phase I: Survey Findings and Discussion 

The Phase I data was collected from 58 Grade 9 and Grade 10 science teachers from 

urban and rural communities across Manitoba who responded to seven demographic questions 

and 30 research questions in the Phase I survey, between September 1, 2022 and October 21, 

2022. Demographic data was collected through the first seven survey questions, to get a sense of 

the background and experiences of the respondents. These questions with teacher responses and 

associated descriptive statistics are presented in Table 2. 

Table 2 

Demographic Survey Questions 1 - 7  

1. What is your science teaching experience? 

2 years or less 3 – 5 years 6 – 10 years More than 10 years 

16% 10% 16% 58% 

2. Which best describes your subject expertise? 

Biology Chemistry Physics General Science Other 

39% 8% 17% 23% 13% 

3. Where do you currently teach Grade 9 and/or Grade 10 science? 

Urban Winnipeg Urban other Rural Manitoba 

58% 9% 33% 

4. Prior to the COVID-19 pandemic, how many times did you teach Grade 9 science in Manitoba? 

Never 1 – 2 times 3 – 5 times More than 5 times 

26% 16% 11% 47% 

Mode Mean 

More than 5 times ˃ 3 times 

5. How many times have you taught Grade 9 science during the COVID-19 pandemic? 

None 1 time 2 times 3 or more times 

30% 11% 20% 39% 

Mode Mean 
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3 or more times 2 - 3 times 

6. Prior to the COVID-19 pandemic, how many times did you teach Grade 10 science in Manitoba? 

Never 1 – 2 times 3 – 5 times More than 5 times 

24% 14% 9% 53% 

Mode Mean 

More than 5 times ˃ 3 times 

7. How many times have you taught Grade 10 science during the COVID-19 pandemic? 

                   None                   1 time                   2 times           3 or more times 

26% 16% 14% 44% 

Mode Mean 

3 or more times 1 - 2 times 

 

The demographic information shared by the Phase I survey respondents was helpful to 

inform this study in three significant ways: First, teachers reported teaching in various school 

divisions including those in Winnipeg, other urban centers, and rural Manitoba, and possess 

diverse subject area expertise in the sciences. Second, most participants have considerable 

science teaching experience, with 58% reporting more than 10 years and 26% reporting five or 

fewer years. Third, close to half of the participants reported teaching Grade 9 and Grade 10 

science more than five times prior to the pandemic (47% and 53%, respectively), and a 

significant proportion reported teaching Grade 9 and Grade 10 science three or more times 

during the pandemic (39% and 44%, respectively). Also important, Grade 9 and/or Grade 10 

science teaching experience prior to and during the pandemic was required for participation in 

the survey as per the survey consent, however the data informs that 43 of 58 respondents taught 

science at both levels before the pandemic and 41 of 58 taught at both levels during the 

pandemic. Additionally, the diverse subject area expertise of respondents notably allows for a 

range of pedagogical perspectives across the multidisciplinary Grade 9 and Grade 10 science 

courses. With a large proportion of respondents reporting significant experience with teaching 

Grades 9 and 10 science both prior to and during the pandemic, greater familiarity with the 

associated Manitoba science curriculum documents might be logically expected and, as such, I 

see participant responses to the curriculum-based questions as providing valuable insights about 
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the research questions. Analysis of the survey data against different demographic subgroups was 

not conducted, as similar responses were collected from participants in all subgroups. 

Data collected from the 30 survey research questions informed the answers to the Phase I 

research questions, seeking to find out Grades 9 and 10 science teachers’ curricular priorities and 

their pedagogical approaches, both prior to and during the pandemic. The first 20 and final six 

survey research questions have been grouped for analysis and discussion, given their focus, 

while findings from questions 21 through 24 are presented independently due to their distinct 

contributions to answering the Phase I research sub-questions. 

Survey Questions 1 - 4 

1. Prior to the pandemic, which best describes the clusters/units you taught in your Grade 9 

science classes?  

2. Since the pandemic began in March 2020, which best describes the clusters/units you taught 

in your Grade 9 science classes with school lockdowns and restrictions? 

3. Prior to the pandemic, which best describes the clusters/units you taught in your Grade 10 

science classes? 

4. Since the pandemic began in March 2020, which best describes the clusters/units you taught 

in your Grade 10 science classes with school lockdowns and restrictions? 

Table 3 

Survey Questions 1 – 4 Responses 

 

 

Clusters/Units Taught in Grade 9 Science  

Teacher Response                                                                                                           

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Taught all or most of the learning outcomes (LO) in all 4 clusters  54 18 -36% 

Taught some of the LO in all 4 clusters  14 21 +7% 

Taught all or most of the LO in 3 clusters 32 46 +14% 

Taught some of the LO in 3 clusters or less  0 15 +15% 

 

Clusters/Units Taught in Grade 10 Science  
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Taught all or most of the learning outcomes (LO) in all 4 clusters  42 8 -34% 

Taught some of the LO in all 4 clusters  8 19 +11% 

Taught all or most of the LO in 3 clusters 47 52 +5% 

Taught some of the LO in 3 clusters or less  3 21 +18% 

 

These questions were positioned at the start of the survey for teachers to assess their 

curricular priorities of the four clusters (units) in Grade 9 and/or Grade 10 science prior to and 

during the pandemic, before any consideration of their teaching approaches. As previously 

described, three of the four clusters in each grade are rooted in the foundational disciplines of 

biology, chemistry and physics to prepare students for future courses in school sciences, with a 

fourth cluster representing a different and diverse topical science, and interdisciplinary learning 

outcomes. From the pre-pandemic data collected in these questions, parallel findings in Grade 9 

and Grade 10 science were identified with three similarities. First, only about half of respondents 

(54% in Grade 9; 42% in Grade 10), reported teaching “all or most of the learning outcomes 

(LOs) prescribed in the four clusters” of the Manitoba science curriculum, while another 

significant proportion reported teaching “all or most of the LOs in three clusters” (32% in Grade 

9; 47% in Grade 10). Considering all four clusters and the entirety of LOs in Grade 9 and 10 

science are mandated in the Manitoba Science curriculum documents; it was surprising to me 

that many teachers reported only teaching most LOs in three clusters. This was further 

investigated in the Phase II interviews. Second, as only a small proportion of teachers reported 

teaching some of the LOs from three or four clusters (14% in Grade 9; 11% in Grade 10 

respectively), it seems that prior to the pandemic, most teachers (86% in Grade 9; 89% in Grade 

10) taught either three or four units and their associated LOs thoroughly. Finally, it was noted 

that very few respondents reported teaching only “some of the LOs in three clusters or less” prior 

to the pandemic (0% in Grade 9; 3% in Grade 10). This was not surprising to me given my 
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experience teaching Grade 9 and Grade 10 science in Manitoba high schools which led me to 

assume that science teachers focus greatly on teaching the disciplines of biology, chemistry and 

physics, and preparing their students for the next levels in high school science. Overall, the data 

in questions 1-4 suggests that a large proportion of Manitoba Grade 9 and Grade 10 science 

teachers (46% and 58%, respectively) were unable to teach the entirety of the curricular LOs 

prior to the pandemic.  

Of additional significance to this study, the survey data from questions 1-4 showed a shift 

in the number of clusters and proportion of LOs taught during the pandemic, with overall fewer 

clusters and LOs reportedly taught in each grade. Most prominent was a decline in the proportion 

of teachers who reported teaching “all or most of the LOs in all four clusters” (36% fewer in 

Grade 9; 34% fewer in Grade 10). From my perspective, a surprising proportion of teachers, 

indicated they still taught “all or most of the LOs in all four clusters” (18% in Grade 9; 8% in 

Grade 10) during the pandemic, despite multiple lockdowns, altered modes of instruction and 

restrictions to practical learning. How some teachers were able to accomplish this was of interest 

to me and I investigated it further in the Phase II interviews. The data additionally revealed a 

positive shift in respondents teaching all four, to only three clusters during the pandemic (14% in 

Grade 9; 5% in Grade 10). Another important shift was identified as an increase in the proportion 

of teachers who reported teaching “some of the LOs in three clusters or less” during the 

pandemic (from 0% to 15% in Grade 9; from 3% to 21% in Grade 10). From this data, it seems 

evident that some Manitoba Grade 9 and Grade 10 teachers were unable to teach the entirety of 

three clusters during the pandemic and that this may have consequences for student learning 

including important pre-requisite knowledge for further science education.  
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As thoroughly described in the literature and evident in the responses to survey questions 

1-4, the sudden shift to different instructional modes required teachers to rapidly adjust what 

they taught during the pandemic. Important questions remain: Why did teachers choose to teach 

fewer clusters and which ones were prioritized or abandoned? And what impacts did these 

decisions have for students learning science?  

Due to the congruent nature of survey questions 5-8 and 9-12, they have been grouped for 

analysis and discussion.  

Survey Questions 5 – 6 

5. Prior to the pandemic, what cluster/unit did you prioritize or spend the most time teaching 

in your Grade 9 science classes? 

6. Since the pandemic began in March 2020, what cluster/unit in your Grade 9 science classes 

have you prioritized or spent the most time teaching? 

Table 4  

Survey Questions 5 – 6 Responses 

 

  

Grade 9 clusters prioritized  

 

Teacher Response                                                                                                             

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Reproduction 36 33 -3% 

Atoms and Elements 61 64 +3% 

Nature of Electricity 3 3 - 

Exploring the Universe 0 0 - 

 

Survey Questions 7 - 8 

7. Prior to the pandemic, what cluster/unit did you give less priority to, or spend the least time 

teaching in your Grade 9 science classes? 

8. Since the pandemic began in March 2020, what cluster/unit in your Grade 9 science classes 

have you given less priority to or spent the least time teaching? 
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Table 5  

Survey Questions 7 – 8 Responses 

 

 

Grade 9 clusters given less priority/time  

 

Teacher Response                                                                                                           

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Reproduction  0 0 - 

Atoms and Elements 0 0 - 

Nature of Electricity 9 27 +18% 

Exploring the Universe 91 73 -18% 

 

The data provided by participating Grade 9 science teachers in questions 5-8 was critical 

to establish what might be considered usual or normal curricular cluster priorities for these 

teachers, and to reveal the shift in these priorities during the pandemic. The Grade 9 chemistry 

cluster, Atoms and Elements, is essential for prerequisite knowledge, skills and attitudes required 

in the Grade 10 science chemistry cluster. It was not a surprise to me that 61% of participating 

Grade 9 teachers prioritized and/or spent the most time teaching this unit prior to the pandemic 

and 64% continued to prioritize teaching chemistry during the pandemic. The Reproduction 

biology unit (cluster 1 in Grade 9) was the second most prioritized cluster, with 36% of teachers 

pre-pandemic and 33% during the pandemic prioritizing the teaching of this unit. Thus, these two 

clusters combined (i.e., Atoms and Elements, and Reproduction) were prioritized both pre- and 

during the pandemic by 97% of the participating Grade 9 teachers.  

In keeping with those results, as shown in Table 5, participating Grade 9 teachers ranked 

Exploring the Universe as the cluster of lowest priority: 91% did not prioritize it prior to the 

pandemic, and 73% continued to position it as the lowest priority during the pandemic, a 

decrease of 18%. Interestingly, 18% also indicate the shift in priority of the Nature of Electricity 

cluster in Grade 9 science, as the second lowest prioritized unit pre- and during the pandemic, 
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however with a sizable difference in priority ranking when compared to the lowest prioritized 

unit.  

Similarly, data collected from Grade 10 science teachers in Questions 9-12 provided 

evidence of which units were prioritized before and during the pandemic, as presented in Tables 

6 and 7. 

Survey Questions 9 - 10 

9. Prior to the pandemic, what cluster/unit did you prioritize or spend the most time teaching 

in your Grade 10 science classes? 

10. Since the pandemic began in March 2020, what cluster/unit in your Grade 10 science 

classes have you prioritized or spent the most time teaching? 

Table 6  

Survey Questions 9 – 10 Responses 

 

 

Grade 10 clusters prioritized  

Teacher Response                                                                                                          

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Dynamics of Ecosystems 12 13 +1% 

Chemistry in Action 70 70 - 

In Motion 18 17 -1% 

Weather Dynamics 0 0 - 

 

Survey Questions 11 - 12 

11. Prior to the pandemic, what cluster/unit did you give less priority to or spend the least time 

teaching in your Grade 10 science classes? 

12. Since the pandemic began in March 2020, what cluster/unit in your Grade 10 science 

classes have you given less priority to or spent the least time teaching? 

Table 7  

Survey Questions 11 – 12 Responses 
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Grade 10 clusters given less priority/time   

Teacher Response                                                                                                          

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Dynamics of Ecosystems  9 8 -1% 

Chemistry in Action 2 3 +1% 

In Motion 0 3 +3% 

Weather Dynamics 89 86 -3% 

  

The data collected from participating Grade 10 science teachers in Questions 9-12 was 

key to establishing their usual curricular cluster priorities prior to the pandemic, and to reveal 

any shift in these priorities during the pandemic. From the data, it was interesting to note that the 

majority of Grade 10 science teachers remained steadfast in their priorities, despite the arrival of 

the COVID-19 pandemic and the disruptions to their teaching practice, as was also seen with the 

responses of the Grade 9 teachers. Extreme differences in cluster precedence were found as 70% 

of Grade 10 teachers prioritized the Chemistry in Action cluster while none prioritized Weather 

Dynamics—prior to or during the pandemic, revealing the significance of teaching chemistry in 

this grade and insignificance of the weather unit for these teachers. Teacher priorities regarding 

the other two clusters also persisted throughout the pandemic, with 18% prioritizing the In 

Motion physics unit prior to and 17% during the pandemic; and 12% prioritizing the Dynamics 

of Ecosystems biology unit prior to and 13% during. Notably, although fewer of these teachers 

top rank these units, they are the most important to some. Very few respondents considered the 

chemistry and the physics units to be low priority, showing importance for teaching the scientific 

concepts, skills and attitudes in these units. It seems likely to me that since some science teachers 

also teach chemistry, physics and/or biology at the next and higher levels, they are aware of 

prerequisite learning outcomes students must achieve for success in their subsequent courses and 

this may be part of their rationale for prioritizing these units. Standing out, a large proportion of 

respondents (70%) prioritized the chemistry unit over the other 3 units in Grade 10 science, both 
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before and during the pandemic; while strikingly, close to 90% of respondents gave lowest 

priority to teaching the weather unit, both prior to and during the pandemic while 0% ranked this 

unit a priority. These survey findings led me to think about two important questions for analysis 

of the Phase II interviews: What reasons underpinned this compelling position of Grade 10 

teachers, and what are the potential impacts for Manitoba Grade 10 students who take this 

course?  

Overall, the Phase I survey data regarding Grade 9 and Grade 10 curricular priorities 

reveal that chemistry units and their LOs are of notably highest priority for teachers in both 

grades, and the clusters and LOs of significantly lowest priority in both grades are the final units 

in each curriculum: Exploring the Universe in Grade 9 science and Weather Dynamics in Grade 

10 science. Further understandings of what teachers chose to teach or not teach in Grade 9 and 

Grade 10 science prior to and during the pandemic are expanded on in the Phase II interviews 

analysis and discussion. In summary, teacher content priorities identified from the Grades 9 and 

10 science teacher responses in Questions 5-12 helped to answer the first Phase I research 

question, and additionally set the stage for the Phase II interviews to investigate how such 

adjustments may have impacted teachers’ potential to effectively teach the LOs in these courses, 

and to advance student scientific literacy.  

Questions 13 through 20 centered on curricular focus in Grades 9 and 10 science (i.e., 

inquiry, debate of scientific issues, and technological design) and the teaching of mandated 

learning outcomes (general learning outcomes, specific learning outcomes, and Cluster 0 specific 

learning outcomes). Guided by recommended practices in survey construction described by 

Vannette and Krosnick (2018), a five-point scale was selected for these questions to maximize 

discrimination without sacrificing reliability. 
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Participants were deliberately asked the next two questions (13-14) prior to and separate 

from subsequent questions about curricular LOs to gather data on important pedagogical 

approaches known to foster scientific literacy, as previously described in the science education 

literature and as outlined in the Grade 9 and 10 science curriculum standards documents. 

Understanding that Manitoba’s Five Foundations for Scientific Literacy are foundational to 

promoting pedagogy linked with SI, debate and the design process, I felt that asking teachers 

important questions about such practices was important. 

Survey Questions 13 – 14 

13. Prior to the pandemic, how often would you engage your Grade 9 or Grade 10 science 

students in scientific inquiry, debate about scientific issues and/or the design process to 

solve a technological problem? 

14. During the pandemic, how often have you engaged your Grade 9 or Grade 10 science 

students in scientific inquiry, debate about scientific issues and/or the design process to 

solve a technological problem? 

Table 8  

Survey Questions 13 – 14 Responses 

 

 

Frequency engaging grades 9 and 10 students in SI, debate about 

scientific issues, or design process to solve a technological problem 

 

Teacher Response                                                                                                          

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Not at all (1) 11 14 +3% 

Not often (2) 6 28 +22% 

Occasionally (3) 48 40 -8% 

Often (4) 23 12 -11% 

Consistently (5) 12 6 -6% 

 

Mode 

 

3 

 

3 

 

Mean 3.17 2.68 
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To teach scientific and technological concepts, skills and attitudes and to foster scientific 

literacy, there is widespread agreement that teachers must regularly engage their students in 

learning opportunities including SI, debate and the design process (e.g., Beauchamp et al., 2021; 

Crujeiras-Pérez & Jiménez-Aleixandre, 2017; Duran et al., 2016). Moreover, the previously 

described Manitoba Senior Years Science curriculum indicates concrete and contextual learning 

activities that include scientific inquiry, technological problem solving (the design process) and 

decision-making support the development of functional scientific literacy in all students (MET, 

2000). Consequently, I expected that teachers’ responses would indicate such practice; indeed, 

83% of teachers reported engaging students in SI, debate and the design process to solve a 

technological problem prior to the pandemic (35% often or consistently; 48% occasionally). 

However, 17% of respondents indicated they did not engage students in such learning activities 

often or even at all prior to the pandemic; while during the pandemic, this percentage increased 

to 42%. How teachers were able to cultivate learning environments conducive to advancing 

scientific literacy skills and attitudes without such student opportunities emerged as an important 

question from these findings. Further, during the pandemic, 58% of teachers indicated engaging 

students in these important pedagogical approaches that are advantageous to student 

development of scientific literacy “occasionally”, “often” or “consistently”. How they 

accomplished this given the teaching and learning constraints during the pandemic was a topic of 

discussion in the Phase II interviews. 

The next six questions (15-20) were designed to identify teaching priorities associated 

with the scientific and technological concepts, skills and attitudes in the curricular general 

learning outcomes (GLOs), specific learning outcomes (SLOs) and Cluster 0 Overall Skills and 
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Attitudes SLOs prior to and during the pandemic. These are presented separately for discussion 

given the distinct influence of each dimension within a teacher’s pedagogical approach. 

Survey Questions 15 – 16 

15. Prior to the pandemic, how focused/centered were you on teaching the general learning 

outcomes (GLOs) described in Manitoba’s Five Foundations for Scientific Literacy: Nature 

of Science (NOS); Science, Technology, Society and Environment (STSE); Scientific and 

Technological Skills and Attitudes; Essential Scientific Knowledge and Unifying 

Concepts? 

16. During the pandemic, how focused/centered are you on teaching the general learning 

outcomes (GLOs) described in Manitoba’s Five Foundations for Scientific Literacy? 

To preface the analysis of these questions, it has become markedly evident to me in my 

experience as a Grade 9 and Grade 10 science teacher and more recent experience advising and 

teaching pre-service teachers that many science teachers are unaware of the substance of the 

GLOs. Moreover, many seem to be unaware of their application to practice, despite the 

foundational nature of these learning outcomes for scientific literacy and their fundamental 

position in the high school science curricula (MET, 2000; MEY, 2003). Throughout my science 

teaching career, foundational GLOs were oddly never discussed with science colleagues, 

department heads, administrators, or mentioned in broader science education professional 

development dialogue, so they seem to be of questionable importance to some or perhaps many 

science educators. 

Table 9  

Survey Questions 15 – 16 Responses 

 

 

Teacher Response                                                                                                          

(%) 
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How focused/centered are you on teaching the GLOs?  

 

Pre-

pandemic 

During 

pandemic 

 

Change                                                                                           

Extremely (1) 12 4 -4% 

Very (2) 29 12 -17% 

Somewhat (3) 33 43 +10% 

Not so much (4) 16 33 +17% 

Not at all (5) 10 8 -2% 

 

Mode 

 

3 

 

3 

 

Mean 2.82 3.29 

 

Pre-pandemic data from the group of responding teachers reflect a fairly broad 

distribution of responses, with the largest proportion of teachers indicating they were “somewhat 

focused” on teaching the GLOs: 33% prior to and 43% during the pandemic. Most notably from 

this data, the group of teachers expressing greater focus on teaching the GLOs prior to the 

pandemic (“extremely” or “very” focused) declined from 41% to 16% during the pandemic; 

while the group of teachers indicating GLOs were “not at all” or “not so much” a focus, 

increased from 26% to 41%. These results reveal a marked shift to a decreased focus on teaching 

the curricular GLOs during the pandemic. The implications of this for student scientific literacy 

may be considerable, since a lack of focus on these foundational GLOs may limit effective 

science pedagogy for scientific literacy and, correspondingly, reduce students’ opportunity to 

learn essential scientific and technological knowledge, skills and attitudes, and about the nature 

of science itself. Why some Manitoba Grades 9 and 10 science teachers reduced their focus on 

teaching these critical GLOs was discussed during the Phase II interviews, along with where they 

shifted their focus.  

Participant responses to the next question were helpful at this point in data collection, 

allowing for the primary focus of Grades 9 and 10 science teachers to emerge within the context 

of their perspective on GLOs. 
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Survey Questions 17 – 18 

17. Prior to the pandemic, how focused/centered were you on teaching the specific or 

prescribed learning outcomes (SLOs) described in the Manitoba science curriculum 

documents? 

18. During the pandemic, how focused/centered are you on teaching the specific or prescribed 

learning outcomes (SLOs) described in the Manitoba science curriculum documents? 

Table 10  

Survey Questions 17 – 18 Responses 

 

 

How focused/centered are you on teaching the SLOs? 

 

Teacher Response                                                                                                          

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Not at all (1) 4 4 - 

Not so much (2) 2 6 +4% 

Somewhat (3) 12 34 +22% 

Very (4) 55 46 -9% 

Extremely (5) 27 10 -17% 

 

Mode 

 

4 

 

4 

 

Mean 4.00 3.52 

 

Rather expectedly, a total of 82% of Grade 9 and Grade 10 science teachers reported 

being “very” (55%) or “extremely” (27%) focused on teaching the SLOs in the Manitoba science 

curriculum documents (MET, 2000; MEY, 2003) before the pandemic. During the pandemic, a 

general shift to a reduced priority on SLOs is revealed in the data. A decrease in focus on SLOs 

during the pandemic was substantiated by 17% fewer teachers being “extremely” focused on 

teaching SLOs and 22% more respondents being “somewhat” focused on the SLOs during the 

pandemic. With Grades 9 and 10 science teaching experience both prior to and during the 

pandemic, I understand the challenges associated with teaching the lengthy list of unit-specific 

SLOs in the combined four clusters in each course first-hand, as well as the professional 



102 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

expectations teachers hold of themselves to provide students with opportunity to learn all of the 

SLOs in these courses. And although contrary to their reported perspective on GLOs, in my 

experience working with many colleagues I believe Grade 9 and Grade10 science teachers are 

largely focused on teaching the SLOs in their courses, and are often centered on covering large 

volumes of conceptual material given the lengthy list within the four clusters of these general 

science courses—67 in Grade 9; and 43 in Grade 10.  

Further discussions with participants regarding their focus on SLOs in the Phase II 

interviews allowed individual perspectives regarding changes in focus on teaching all learning 

outcomes during the pandemic to emerge.  

Survey Questions 19 – 20 

19. Prior to the pandemic, how focused/centered were you on teaching the Overall Skills and 

Attitudes learning outcomes described in Cluster 0 of the Manitoba science curriculum 

documents? 

20. During the pandemic, how focused/centered are you on teaching the Overall Skills and 

Attitudes learning outcomes described in Cluster 0 of the Manitoba science curriculum 

documents? 

Table 11 

Survey Questions 19 – 20 Responses 

 

How focused/centered are you on teaching the Cluster 0 Overall 

Skills and Attitudes: 

 

Teacher Response                                                                                                          

(%) 

 

 

 

Change                                                                                           
Pre-

pandemic 

During 

pandemic 

Not at all (1) 4 6 +2% 

Not so much (2) 16 28 +12% 

Somewhat (3) 35 36 +1% 

Very (4) 25 26 +1% 

Extremely (5) 20 4 -16% 

 

Mode 

 

3 

 

3 

 

Mean 3.41 2.94 
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Fostering scientific literacy in Grade 9 and Grade 10 science requires a focus on teaching 

the Cluster 0 Skills and Attitudes SLOs. The data collected here revealed an average response 

from teachers that they were “somewhat focused” on teaching the Cluster 0 SLOs both prior to 

and during the pandemic. As Toepoel (2017) suggests, survey participants might select a “more 

middle option”, particularly when responding to questions that are more difficult to process (p. 

35). Yet, rather than being considered unreliable, I found value in this average neutral response 

—without a robust focus on teaching the Cluster 0 SLOs, teachers bring reduced capacity to 

teach skills and attitudes required to advance scientific literacy.  

The Skills and Attitudes SLOs required for developing scientific literacy are labelled 

“Cluster 0” (MET, 2000, pp. 3.10-3.14) in the Grade 9 and Grade 10 science curriculum 

documents, despite prefacing the other SLOs in these documents. First, it could be argued that 

being labelled as cluster “zero” fails to inspire importance; and second, these SLOs occupy a 

mere few pages labelled 0.1 to 0.6 in the Grade 9 curriculum (MET, 2000) and 0.1 to 0.8 in the 

Grade 10 curriculum (MEY, 2003); while the vast bulk of each document is devoted to the SLOs 

in clusters 1-4, mostly focused on content. Additionally, these unit-specific, content focused 

SLOs are positioned at the start of each respective cluster in larger font, giving the apparent 

message to science educators that conceptual knowledge SLOs take greater priority over the 

Cluster 0 Skills and Attitudes SLOs.  

Further significance to student development of scientific literacy accompanies an 

identifiable shift in responses to these questions before and during the pandemic, as 16% fewer 

teachers reported being “extremely” focused on teaching these skills and attitudes SLOs during 

the pandemic, while 12% more respondents said they were “not so much” focused on teaching 
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these SLOs during the pandemic. Overall, the mean response of these teachers indicates a 

general shift from being more than “somewhat” focused on teaching the Cluster 0 SLOs prior to 

the pandemic, to being slightly less than “somewhat” focused on them during the pandemic—

and of importance for the Phase II discussions with participants.  

The data collected in these three pairs of questions (15-16; 17-18; 19-20) regarding 

participants’ focus on teaching the mandated learning outcomes in the curriculum documents 

were also discussed in Phase II interviews to seek understanding of the priorities expressed in 

teaching GLOs, SLOs and Cluster 0 SLOs prior to and during the pandemic, in addition to 

gathering further insights into teachers’ LO priorities for teaching Grades 9 and 10 science. Of 

particular interest was the trend identified in these three pairs of questions, that teachers reported 

an overall reduced focus on teaching the GLOs, SLOs and the Cluster 0 SLOs, soliciting the 

question, what did their focus shift to? Important insights to help understand this shifted focus 

were gleaned from the Phase II interviews. 

The survey Questions 21 through 24 were designed to address the second Phase I 

research question concerning LOs taught through practical work prior to the pandemic, and those 

taught through alternate activities amid pandemic lockdowns and restrictions. 

Survey Question 21 

21. In general, how important are practical learning opportunities for your Grade 9 and/or 

Grade 10 students to develop scientific literacy—concepts, skills and attitudes? 

Table 12 

Survey Question 21 Responses 

In general, how important are practical learning opportunities for your Grade 9 and/or Grade 10 students 

to develop scientific literacy concepts, skills and attitudes?                                                                                                                      

                                                                                                                                Teacher 

                                                                                              Response (%) 

Not at all important (1) 0 % 
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Not so important (2) 0 % 

Somewhat important (3) 17 % 

Very (4) 42 % 

Extremely (5) 41 % 

  

Mode 

 

Mean 

4 4.23 

 

Scholarship in science education has indicated that practical learning opportunities are 

necessary to learn about the processes of science and are critical for learning concepts, skills and 

attitudes to develop scientific literacy (Chadwick & McLoughlin, 2021; Kelley, 2020; Rossettini 

et al., 2021), and that without practical work, LOs are compromised in all science education 

disciplines (Gya & Bjune, 2021). Effectively promoting scientific literacy requires teachers to 

regularly engage students in kinesthetic activities (MEY, 2003), a curricular emphasis 

corroborated by the participating teachers’ responses: the large majority (83%) of teachers 

believe practical learning opportunities are “very” or “extremely” important, while 17% believe 

they are “somewhat important”. Aligning with the scholarly literature on best practices in science 

education, the general perspective of Manitoba Grades 9 and 10 science teachers who 

participated in this survey suggests effective pedagogy to promote scientific literacy requires 

students to regularly engage in practical learning. How often teachers could provide practical 

learning opportunities through the pandemic lockdowns and restrictions was explored in the next 

question.  

Survey Question 22 

22. During the pandemic lockdowns and restrictions, how often have your Grade 9 and/or 

Grade 10 students had opportunity to experiment, use data collection tools, make 

measurements, control variables, and/or use WHMIS regulations and safety equipment in 

your classes? 
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Table 13 

Survey Question 22 Responses 

During the pandemic lockdowns and restrictions, how often have your Grade 9 and/or Grade 10 students 

had opportunity to experiment, use data collection tools, make measurements, control variables, and/or use 

WHMIS regulations and safety equipment in your classes?  

                                                                                                                               Teacher 

                                                                                                                           Response (%) 

Not at all (1) 18 % 

Maybe once or twice (2) 42 % 

Often, but less than before the pandemic (3) 38 % 

Just as frequently as before (4) 2 % 

More frequently than before the pandemic (5) 0 % 

 

 

 

Mode 

 

Mean 

2 2.24 

 

While a large proportion of the participant teachers (82%) indicated their students had 

some opportunity to engage in data collection and/or apply safe laboratory practices and use 

safety equipment during the pandemic lockdowns and restrictions, only 2% indicated such 

opportunity occurred just as frequently before the pandemic. Although to what extent these 

opportunities were curtailed during the pandemic cannot be determined, 38% of respondents 

indicated that their students were exposed to laboratory and experimental practical activities 

“often, but less than before the pandemic”. This indicates that some Grade 9 and Grade 10 

Manitoba students had less opportunity to do practical work during the pandemic. As a 

significant number of LOs in the Grade 9 and Grade 10 science curriculum require students to 

experiment, use data collection tools, make measurements, control variables, and/or use WHMIS 

regulations and safety equipment, exploring this reduced opportunity was important for the 

Phase II discussions with teachers. 

The implications of these limitations on practical work to learn science throughout this 

period extend beyond restrictions to the practical activities themselves, and into the potential loss 
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of opportunities for students to collaborate and work cooperatively to advance functional 

scientific literacy competencies, as indicated in the responses to the next question. 

Survey Question 23 

23. During the pandemic lockdowns and restrictions, how often have your Grade 9 and/or 

Grade 10 students had opportunity to work cooperatively with group members to plan an 

experiment, carry out the plan, and troubleshoot problems if they arise? 

Table 14 

Survey Question 23 Responses 

During the pandemic lockdowns and restrictions, how often have your Grade 9 and/or Grade 10 students 

had opportunity to work cooperatively with group members to plan an experiment, carry out the plan, and 

troubleshoot problems if they arise? 

                                                                                                                                Teacher 

                                                                                           Response (%) 

More frequently than before the pandemic (1) 0 % 

Just as frequently as before (2) 4 % 

Often, but less than before the pandemic (3) 20 % 

Not often, maybe once or twice (4) 56 % 

Not at all (5) 20 % 

 

 

 

Mode 

 

Mean 

4 3.92 

 

Aligning with teacher responses in the previous question, a reduction in student 

opportunity to experiment during the pandemic meant a reduction in opportunity to collaborate, 

cooperate, troubleshoot and learn with classmates while navigating experimental processes. 20% 

of teachers reported their students had such opportunities “often, but less than before the 

pandemic”. In light of the scholarly perspective that remote or virtual opportunities such as 

break-out rooms within digital platforms are not as effective as in-class collaborative 

opportunities (Garcia-Vedrenne et al., 2020; Lynn et al., 2020), it becomes important to ascertain 

the types of experiments and collaborative opportunities students were afforded during the 

pandemic, which is explored further in the Phase II interviews.  
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The collective data from Questions 21-23 were helpful to determine participating science 

teachers’ perspectives of three key elements contributing to the main research question guiding 

this study: First, the importance they attributed to practical work to the development of scientific 

literacy; Second, the frequency of student opportunity to practice scientific procedures during the 

pandemic; Third, the frequency of student opportunity for authentic investigative experiences 

important for the development of scientific literacy. As Hodson (1993) pointed out and as 

described in Chapter 2, in order to learn science, students require procedural knowledge, 

investigative expertise, and conceptual understanding; but as the Manitoba science curriculum 

standards indicate, they also require opportunities to work cooperatively with other students 

(MET, 2000). It was determined from the combined survey data in Questions 21-23 that teachers 

agree practical experiences are necessary to learn science, however opportunities to develop 

procedural knowledge or investigative expertise or to learn in collaboration with other students 

were significantly restricted during the pandemic. The next question was a direct attempt to seek 

teachers’ perspectives on their ability to foster scientific literacy during the pandemic, while 

students were restricted from directly “experiencing” science. 

Survey Question 24 

24. How confident have you been in your ability to foster scientific literacy—concepts, skills 

and attitudes in Grade 9 and/or Grade 10 science throughout the COVID-19 pandemic? 

Table 15 

Survey Question 24 Responses 

 
How confident have you been in your ability to foster scientific literacy—concepts, skills and attitudes in 

Grade 9 and/or Grade 10 science throughout the COVID-19 pandemic? 

                                                                                                                                  Teacher 

                                                                                                                                Response (%) 

Extremely confident (1) 2 % 

Very confident (2) 22 % 

Somewhat confident (3) 54 % 
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Not very confident (4) 16 % 

Not confident at all (5) 6 % 

  

Mode 

 

Mean 

3 3.02 

 

In response to this question, 24% of the teachers collectively expressed significant 

confidence in fostering scientific literacy throughout the pandemic, while almost the same 

number (22%) expressed a lack of confidence in their ability to do so. I expected the range of 

teacher responses to strongly lean toward ‘not confident’ given the rapid switch to online 

instruction and the lack of training and resources to support teachers as they made this change. 

Responses to this question reveal a clear picture of uncertain confidence in the ability of Grades 

9 and 10 teachers to foster scientific literacy during the pandemic and are of central importance 

to the main research question. Yet, from the standpoint that 78% of the teachers overall, 

expressed some degree of confidence in their ability to foster scientific literacy competencies 

during the pandemic while practical work was restricted, understanding how they were able to do 

so was a heightened objective as I analysed the Phase II interviews. Further data regarding 

teachers’ perceived ability to adequately explore skills and attitudes SLOs most closely 

associated with developing scientific literacy was collected in the next two questions. 

Survey Questions 25 – 26 

25. Prior to the COVID-19 pandemic, which of the following skills and attitudes specific 

learning outcomes did you adequately explore with your students in your Grade 9 and/or 

Grade 10 classes (select all that apply). 

26. Since the start of the COVID-19 pandemic in March 2020, which of the following skills 

and attitudes specific learning outcomes have you adequately explored with lockdowns 

and/or restrictions in your Grade 9 and/or Grade 10 classes? (Select all that apply). 

Table 16 
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Survey Questions 25 – 26 Responses 

Skills and Attitudes specific learning outcomes (SLOs) adequately explored with                      

Grade 9 and/or Grade 10 students prior to the COVID-19 pandemic                                    

and during the pandemic with lockdowns and/or restrictions                                            Teacher                                                                                                                         

                                                                                                                                               Response (%)                                         

                                                                                                                                         Pre-        During 

                                                                                                                                     Pandemic Pandemic Change                                                                                             

Propose questions to be tested experimentally 70     38 -32 

Identify stakeholders and initiate research related to a scientific issue 48 29 -19 

Select, integrate, summarize and evaluate information 87 76 -11 

Identify mathematical relationships between variables 85 80 -5 

Plan an experiment to answer a specific scientific question 56 33 -23 

Carry out procedures to control variables and repeat experiments for 

increased accuracy and reliability 

 

59 

 

31 

 

-28 

Understand WHMIS/MSDS, and demonstrate work habits that ensure safety 

for self/others with consideration for the environment 

 

80 

 

56 

 

-24 

Work cooperatively with group members to carry out a plan and 

troubleshoot problems as they arise 

 

85 

 

49 

 

-36 

Select and use appropriate methods and tools for measuring and collecting 

data 

78 42 -36 

Record, organize and display data to look for trends and discrepancies 80 76 -4 

Discuss science and technology, and appreciate and respect cultural 

contributions throughout history  

 

65 

 

69 

 

+4 

Discuss social, economic, and environmental effects of past and present 

scientific and technological endeavors 

 

70 

 

76 

 

+6 

Demonstrate interest and personal involvement in STSE (science, 

technology, society and environment) issues, and relate personal activities 

and career choices to scientific disciplines 

 

 

65 

 

 

56 

 

 

-9 

Demonstrate confidence in ability to carry out scientific investigations and 

address STSE issues 

 

54 

 

24 

 

-30 

Value skepticism, honesty, accuracy, precision, perseverance, and open-

mindedness, and be sensitive and responsible to human needs and a 

sustainable environment 

 

 

78 

 

 

80 

 

 

+2 

 

As previously noted, these questions were deliberately positioned later in the survey, to 

separate them from earlier questions (19-20) focused on Cluster 0 Skills and Attitudes SLOs; and 

were designed to draw participant’ attention to 15 of 48 Skills and Attitudes SLOs in Grades 9 

and 10 science vital for the development of student scientific literacy. These were specifically 

selected to represent a wide range of skills and attitudes without mention of “Cluster 0”; to limit 

categorization so teachers would focus their responses to these SLOs in their teaching. 

Overall, results revealed that prior to the pandemic, a large proportion of teachers 

perceived they were adequately able to explore these skills and attitudes SLOs with their science 
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students. Yet, if 56% of teachers did not adequately explore “Plan an experiment to answer a 

specific scientific question” before the pandemic, how they were able to advance student 

scientific investigative knowledge that Hodson (1933) indicated essential for learning science, 

was an important question for the Phase II discussions. During the pandemic, an overall decline 

in teachers’ perceived adequacy to explore most of the scientific and technological skills and 

attitudes SLOs is evident in the data, with the most significant declines in “Work cooperatively 

with group members to carry out a plan and troubleshoot problems as they arise” and “Select and 

use appropriate methods and tools for measuring and collecting data”. More than a quarter of the 

respondents also reported declines in other SLOs most closely associated with practical learning 

activities, such as “Carry out procedures to control variables and repeat experiments for 

increased accuracy and reliability”, and “Demonstrate confidence in ability to carry out scientific 

investigations and address STSE issues”—which was unsurprising with pandemic restrictions of 

practical work. 

The teacher responses to these questions generally fell into two groups: those linked to 

Cluster 0 SLOs associated with learning science skills; and those linked more closely with 

learning science attitudes. Evident in the collective data resulting from these questions, teacher 

capacity to adequately explore SLOs for learning scientific procedural skills was significantly 

reduced during the pandemic; while teacher capacity to adequately explore SLOs fostering 

attitudes was less impacted, or even improved marginally in some instances. For example, while 

70% of teachers reported being adequately able to explore the SLO “Discuss social, economic, 

and environmental effects of past and present scientific and technological endeavors” prior to the 

pandemic, 76% were able to do so during the pandemic. Whether teachers were afforded 

increased opportunity to explore this SLO during the pandemic as the result of lost opportunity 
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to explore other SLOs requiring practical work, what types of learning activities teachers 

implemented, and how they adjusted to adequately explore some of the Cluster 0 Overall Skills 

and Attitudes SLOs during the pandemic, were important questions explored during the Phase II 

interviews.  

To answer the second Phase I research question, an investigation of Grade 9 and Grade 

10 cluster-specific SLOs taught through practical work prior to the pandemic, and those taught 

through alternative activities during the pandemic were the focus of the final two pairs of survey 

questions.  

Survey Questions 27 – 28 

27. Prior to the COVID-19 pandemic, which of the following specific learning outcomes 

(SLOs) did you teach through “hands-on” learning activities/practical work in your Grade 9 

science classes? (Select all that apply if you taught Grade 9 science)  

28. Since the start of the pandemic in March 2020, which of the following specific Grade 9 

learning outcomes (SLOs) did/do you teach using different/alternative learning activities 

not “hands-on”/don’t involve practical work? (Select all that apply if you taught Grade 9 

science) 

Table 17 

Survey Questions 27 – 28 Responses 

Grade 9 specific learning outcomes (SLOs) that were taught through “hands-on” learning 

activities/practical work prior to the COVID-19 pandemic, and through alternative learning activities since 

the start of the pandemic that were not hands-on/did not involve practical work: 

 

                                                                                                                                     Teacher Response (%) 

                                                                                                                 Pre-         During       

                                                                                                                              Pandemic   Pandemic  Change 

Reproduction:                                                                                                                            

Illustrate and explain the process of mitotic cell division in plants and 

animals 

97 88  -9 

Investigate and describe agricultural applications of asexual reproduction 55 61 +6 

Compare and contrast the function of mitosis to meiosis 82 85 +3 
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Investigate and explain adaptations of plant and animal species which 

enhance reproductive success  

 

58 

 

65 

 

+7 

Observe, collect and analyze class data of single trait inheritance 85 50           -35 

Use a pedigree to track the inheritance of a single trait 39 38 -1 

Investigate environmental factors and personal choices that may lead to 

genetic mutations 

 

39 

 

73 

 

+34 

Discuss current and potential applications and implications of 

biotechnologies including genetic engineering/screening, cloning and 

DNA fingerprinting 

 

 

64 

 

 

65 

 

 

+1 

 

                                                                                                                                     Teacher Response (%)            

                                                                                                                                     Pre-         During     

                                                                                                                            Pandemic   Pandemic  Change                                                                                                    

Atoms and Elements:                                                                                       

Assemble or draw Bohr atomic models for the first 18 elements 94 78 -16 

Investigate the development of the periodic table as a method of 

organizing elements 

 

64 

 

74 

 

+10 

Investigate the characteristic properties of metals, non-metals and 

metalloids like ductility, lustre and reactivity, and classify elements 

according to these properties 

 

 

91 

 

 

67 

 

 

-24 

Relate the reactivity and stability of different families of elements to their 

atomic structure 

 

85 

 

81 

 

-4 

Investigate properties of substances like durability, usefulness and safety, 

and explain the importance of knowing these properties 

 

64 

 

56 

 

-8 

Differentiate between physical and chemical changes 97 81 -16 

Experiment to determine indicators of chemical change 94 56 -38 

Investigate technologies and natural phenomena that demonstrate 

chemical change in everyday situations 

 

64 

 

48 

 

-16 

                                                                                                                                     Teacher Response (%) 

                                                                                                                 Pre-         During     

                                                                                                                              Pandemic   Pandemic  Change                                                                                                                

Nature of Electricity:                                                                                                                 

Demonstrate evidence for the existence of two types of charge 81 56 -25 

Explain how a discrepant event can be used to evaluate the particle model 

of electricity 

 

50 

 

32 

 

-18 

Investigate and explain electrostatic phenomena like conduction, 

induction and grounding using the particle model of electricity 

 

81 

 

68 

 

-13 

Investigate common electrostatic technologies and phenomena like 

photocopying and electrostatic spray-painting and safety measures like 

static straps 

 

 

47 

 

 

24 

 

 

-23 

Construct one or more electrostatic apparatus like a pie-plate 

electrophorus, and explain how they function 

 

78 

 

28 

 

-50 

Demonstrate and explain the like nature of electrostatics and current 

electricity including discharging an electrophorus through a neon bulb 

 

50 

 

20 

 

-30 

Construct electric circuits in series and parallel using schematic diagrams 97 60 -37 

Use appropriate instruments and units to measure voltage, current and 

resistance 

 

75 

 

56 

 

-19 

Compare and contrast voltage and current in series and parallel circuits, 

including cells and resistance 

 

78 

 

68 

 

-10 

Investigate and describe qualitatively the relationship among current, 

voltage and resistance in a simple circuit 

 

78 

 

60 

 

-18 

Relate the energy dissipated in a circuit to the resistance, current and 

brightness of bulbs 

 

66 

 

36 

 

-30 

Explain the parallel circuits, components including switches, fuses, outlets 

and circuit breakers, and the safety aspects of household wiring 

 

69 

 

56 

 

-13 
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Analyze the electrical energy consumption of a household appliance, 

including EnerGuide consumption and reading hydro meters 

 

53 

 

44 

 

-9 

                                                                                                                                     Teacher Response (%) 

                                                                                                                 Pre-         During     

                                                                                                                            Pandemic   Pandemic  Change             

Exploring the Universe:                                                                                                      

Use a coordinate system to locate visible celestial objects, and construct 

an astrolabe to determine the position of these objects with altitude and 

azimuth 

 

 

62 

 

 

38 

 

 

-24 

Observe the motion of visible celestial objects and organize collected data, 

such as tracking the position of the moon/planets over time or 

sunrise/sunset data 

 

 

41 

 

 

24 

 

 

-17 

Explain the apparent motion of the Sun, stars, planets, and the Moon as 

seen from Earth including daily rising/setting, seasonal constellations and 

retrograde motion 

 

 

79 

 

 

57 

 

 

-22 

 

From the responses provided by Grade 9 science teachers in these two questions (27-28), 

it is evident that prior to the pandemic a large proportion of teachers taught numerous SLOs 

through practical work, and during the pandemic a smaller percentage reported teaching these 

SLOs through alternative learning activities not practical in nature—across the four clusters in 

this course. Noteworthy data were found in each cluster regarding SLOs that were mostly taught 

through practical activity prior to the pandemic, and taught through alternative means during the 

pandemic. For instance, in Reproduction, 85% of responding teachers taught “Observe, collect 

and analyze class data of single trait inheritance” through practical hands-on learning activities 

prior to the pandemic, and during the pandemic 50% taught this SLO through alternative 

activities not practical in nature. Learning activities like this which require practical 

investigation, skill development or student interactions are associated with the most striking 

differences before and during the pandemic. In Atoms and Elements, 94% of respondents taught 

“Experiment to determine indicators of chemical change” through practical work before the 

pandemic, while 56% taught this through alternative activities during the pandemic; in Nature of 

Electricity, 97% used practical activities to teach “Construct electric circuits in series and parallel 

using schematic diagrams” pre-pandemic, while 60% used alternative methods during the 
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pandemic; and finally, in Exploring the Universe, 62% reported teaching “Use a coordinate 

system to locate visible celestial objects, and construct an astrolabe to determine the position of 

these objects with altitude and azimuth” through practical activities prior to the pandemic, while 

during the pandemic, 38% reported teaching this SLO through different activities not involving 

practical work. In my experience, learning activities like these can be effortlessly taught with 

student hands-on experience, but are much more difficult to teach without such opportunity.  

Other findings show a greater percentage of teachers taught some SLOs through 

alternative means during the pandemic, versus through practical means prior to the pandemic. 

For instance, 73% of teachers taught the Reproduction SLO “Investigate environmental factors 

and personal choices that may lead to genetic mutations” through alternative means during the 

pandemic, while 39% taught this SLO through practical means prior to the pandemic. Similarly, 

in Atoms and Elements, 74% taught “Investigate the development of the periodic table as a 

method of organizing elements” through alternative activities during the pandemic, while 64% 

taught this through practical work before the pandemic. As SLOs like these are more attainable 

through other forms of investigation such as Internet research, questions as to whether or not 

restrictions impacting practical work opened opportunity for teachers to teach more of the 

concepts and attitudes in some SLOs, or if the shift to alternative means simply allowed teachers 

a way to continue teaching science to their students are important for Phase II discussions. 

While evident in the data that many Grade 9 science teachers implemented alternative 

methods to teach some SLOs during the pandemic lockdowns and restrictions, other points of 

discussion about the ways teachers limited and/or adjusted practical learning opportunities 

during the pandemic are important. First, a general trend was seen within certain clusters, where 

a shift was noted in how teachers taught some of the SLOs during the pandemic. In the 
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Electricity unit for example, 78% of responding Grade 9 teachers indicated using practical work 

to teach “Construct one or more electrostatic apparatus like a pie-plate electrophorus, and explain 

how they function” prior to the pandemic, while 28% indicated teaching this SLO through 

alternate activities that were not hands-on during the pandemic. Whether teachers were unable to 

provide alternate means for students to learn SLOs like this one during pandemic restrictions, or 

did not teach some SLOs during the pandemic was important to the research questions and of 

interest for Phase II discussions. This general shift was identified in the Reproduction unit as 

well, but countered the trend seen in other units, with an increased proportion of teachers who 

taught some of the SLOs through alternate means during the pandemic. It was determined that 

this positive shift most closely accompanied SLOs that might be more adaptable to alternate 

learning activities not involving practical work. 

Second, the proportion of teachers who taught some SLOs through practical work prior to 

the pandemic relative to the proportion who taught the same SLOs through alternate methods 

during the pandemic remained generally stable in some cases. For instance, 82% of teachers 

taught the SLO “Compare and contrast the function of mitosis to meiosis” through practical work 

prior to the pandemic, and 85% taught this SLO through alternate activities during the pandemic; 

while similarly 85% taught “Relate the reactivity and stability of different families of elements to 

their atomic structure” through practical work pre-pandemic, and 81% taught this SLO through 

alternate strategies during the pandemic. Notably, in my experience, the concepts and skills 

required to learn SLOs such as these are attainable through a variety of learning activities that do 

not require practical work or student interaction. 

A third feature was noted in participant responses regarding some SLOs including 

“Differentiate between physical and chemical changes”, and “Construct electric circuits in series 
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and parallel using schematic diagrams”, in which a pronounced 97% of teachers reported 

teaching via practical work pre-pandemic. In order for students to learn some of the concepts and 

skills in SLOs like these, in my experience, practical work is not only incredibly beneficial, it 

may be necessary—in keeping with the reported practice of 97% of respondent teachers. Another 

SLO also requiring practical action to attain yielded a significantly dissimilar response from 

participants, however. Only 41% of respondents taught “Observe the motion of visible celestial 

objects and organize collected data, such as tracking the position of the moon/planets over time 

or sunrise/sunset data” through practical work prior to the pandemic, while 24% taught this SLO 

through alternative means during the pandemic. The nature of this SLO means students would 

likely be doing the learning activity at home, as tracking the position of the moon would occur at 

night. This raises the question as to why less than half the responding teachers taught this SLO 

prior to the pandemic and why an even smaller proportion of teachers taught this SLO during the 

pandemic—when students would not have been restricted from the night sky. Questions 

regarding the choices teachers made while teaching this unit are important for the Phase II 

discussions. 

Survey Questions 29 – 30 

29. Prior to the COVID-19 pandemic, which of the following specific learning outcomes did 

you teach through “hands-on” learning activities/practical work in your Grade 10 science 

classes? (Select all that apply if you taught Grade 10 science)  

30. Since the start of the pandemic in March 2020, which of the following specific Grade 10 

learning outcomes did/do you teach using different/alternative learning activities not 

“hands-on”/don’t involve practical work? (Select all that apply if you taught Grade 10 

science) 
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Table 18 

Survey Questions 29 – 30 Responses 

 

Grade 10 specific learning outcomes (SLOs) that were taught through “hands-on” learning 

activities/practical work prior to the COVID-19 pandemic, and through alternative learning activities since 

the start of the pandemic that were not hands-on/did not involve practical work: 

 

                                                                                                                                     Teacher Response (%) 

                                                                                                                 Pre-         During     

                                                                                                                            Pandemic   Pandemic Change   

Dynamics of Ecosystems:                                                                                                         

Illustrate and explain how carbon, nitrogen, and oxygen are cycled 

through an ecosystem 

 

83 

 

73 

 

-10 

Construct and interpret graphs of population dynamics      89 76 -13 

Observe and document a range of organisms that illustrate the 

biodiversity within an ecosystem 

 

80 

 

55 

 

-25 

Investigate how human activities affect an ecosystem and use the 

decision-making process to propose a course of action to enhance its 

sustainability 

 

 

66 

 

 

67 

 

 

+1 

                                                                                                                                      Teacher Response (%) 

                                                                                                                 Pre-         During     

                                                                                                                                Pandemic   Pandemic  Change    

Chemistry in Action:                                                                                                       

Investigate the Law of Conservation of Mass, and recognize that mass is 

conserved in chemical reactions 

 

91 

 

72 

 

-19 

Investigate and classify reactions as synthesis, decomposition, single 

displacement, double displacement, or combustion 

 

85 

 

83 

 

-2 

Experiment to classify acids and bases, using pH and indicators 94 69 -25 

Investigate technologies used to reduce emissions 32 24 -8 

                                                                                                                                      Teacher Response (%) 

                                                                                                                                      Pre-         During     

                                                                                                                             Pandemic   Pandemic  Change                                                                                                                  

In Motion:                                                                                                                        

Analyze the relationship among displacement, time and velocity for an 

object in uniform motion 

 

97 

 

76 

 

-21 

Collect displacement data to calculate and graph velocity versus time for 

an object that is accelerating at a constant rate 

 

91 

 

79 

 

-12 

Analyze the relationships among velocity, time and acceleration for an 

object that is accelerating at a constant rate 

 

88 

 

76 

 

-12 

Experiment to illustrate the effects of inertia in car collisions 88 62 -26 

Investigate and describe qualitatively Newton’s Third Law 81 59 -22 

Investigate conditions that illustrate the effects of friction on motion such 

as surface materials 

 

59 

 

52 

 

-7 

Investigate the factors that influence braking distance 78 48 -30 

                                                                                                                                    Teacher Response (%) 

                                                                                                                                    Pre-         During     

                                                                                                                          Pandemic   Pandemic  Change                                                                                                                                                                

Weather Dynamics:                                                                                                        

Explain effects of heat transfer within the atmosphere and hydrosphere 

on the development and movement or wind and ocean currents 

 

90 

 

83 

 

-7 

Collect, interpret and analyze meteorological data related to a severe 

weather event 

 

71 

 

50 

 

-21 
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The responses of Grade 10 science teachers to these two questions revealed a similar 

picture to the Grade 9 data in Questions 27-28, in that prior to the pandemic a large proportion of 

teachers taught many of the SLOs through practical work, and during the pandemic a smaller, 

but notable percentage reported teaching these SLOs through alternate learning activities not 

practical in nature across the four clusters in this course. This finding was pronounced in the data 

of several SLOs, and in one example in Dynamics of Ecosystems prior to the pandemic, 80% of 

responding teachers taught “Observe and document a range of organisms that illustrate the 

biodiversity within an ecosystem” through hands-on learning activities, while during the 

pandemic 55% taught this SLO through alternate activities not practical in nature. Given the 

nature of this SLO, students might make such observations in some natural habitat like a 

schoolyard, nearby park or pond, or perhaps on a field trip—all accessible prior to the pandemic. 

During the pandemic however, students might have had access to such environments but most 

likely without a teacher to direct and guide their learning activity. As over half of the responding 

teachers chose an alternate activity to teach this SLO its importance to them is clear, but it is also 

likely, based on my experience, that students would not learn the concepts, skills and attitudes in 

this SLO if they were not observing and documenting biological organisms in an authentic 

ecosystem. Other noteworthy responses with a comparable finding include an SLO in Chemistry 

in Action where 94% of responding teachers taught “Experiment to classify acids and bases, 

using pH and indicators” through practical work pre-pandemic, while 69% taught this SLO 

through alternate activities during the pandemic. The importance of this SLO is evident as 94% 

of teachers had students do practical work to learn it when experiments were available to them, 

and while a great proportion continued to find ways to teach the concepts during the pandemic, 

students would not have opportunity to learn procedural skills acquired when experimenting with 
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indicators and solutions, or while collaborating with other students. From these examples and 

aligning with the Grade 9 data, a large proportion of teachers taught the Grade 10 SLOs through 

practical work prior to the pandemic; while a reduced but significant proportion of teachers 

implemented alternate methods for teaching these SLOs during the pandemic—suggesting their 

importance to science teachers. 

Other noteworthy data with a similar finding in the Grade 9 responses, suggest that these 

teachers felt that concepts and skills required to learn some SLOs could be attainable through a 

variety of learning activities that do not require practical work. For instance, 66% of Grade 10 

teachers reported teaching one such SLO, “investigate how human activities affect an ecosystem 

and use the decision-making process to propose a course of action to enhance its sustainability” 

through practical work prior to the pandemic, while an equivalent proportion, 67%, indicated 

they taught this through alternate activities during the pandemic. This finding isn’t surprising to 

me since students do not require practical work to learn the concepts and attitudes inherent to this 

SLO, and might do selective reading or online research instead. Questions however, about what 

practical activities teachers utilized to teach this SLO and others like it prior to the pandemic; 

and what alternate approaches were selected or created during the pandemic are important to the 

Phase II discussions with teachers.  

Additional questions from the Grade 9 and Grade 10 data also arise: How did teachers 

teach the SLOs if they didn’t implement alternate learning activities when restrictions to 

practical learning were in place? Were teachers limited to teaching fewer SLOs during the 

pandemic, particularly if unable to find or develop alternative methods or to make viable 

adjustments? What types of alternative learning activities did teachers turn to when teaching the 

SLOs in Grades 9 and 10 science through the pandemic, and moreover, to what extent did these 
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activities allow teachers opportunity to promote student scientific literacy? Additionally, how did 

teachers teach the Grades 9 and 10 SLOs of a practical nature, if they didn’t employ practical 

work? For instance, in Grade 9, how did 78% of teachers teach students to “Construct one or 

more electrostatic apparatus, like a pie-plate electrophorus and explain how they function”; or 

88% of Grade 10 teachers teach “Experiment to illustrate the effects of inertia in car collisions” 

without experiential learning opportunities? Expanding on the latter example from the In Motion 

unit, investigating, experimenting, observing and analyzing are often required to learn the 

physics concepts, skills and attitudes in this cluster.  

Summary of Phase I Findings 

The Phase I data collected from 58 Grades 9 and 10 science teachers from urban and rural 

school divisions in Manitoba who responded to the survey revealed information helpful to 

answering the Phase I sub-questions and the main research question in this study. From the 

teacher responses, important differences in teaching Grade 9 or Grade 10 science prior to, 

compared with during the pandemic were identified. Most notably, there was a marked decline in 

the number of units taught in the Grades 9 and 10 courses during the pandemic, as many teachers 

reported teaching fewer units during the pandemic than they had prior to. Informing the first 

research question in this phase, teachers also largely prioritized chemistry and reproduction in 

Grade 9 science, and chemistry and physics in Grade 10 science, both prior to and during the 

pandemic, however, notably less priority was given to other units during the pandemic. A large 

number of teachers held very low priority for the Universe unit in Grade 9 science and the 

Weather unit in Grade 10 science prior to the pandemic, and strikingly, most reported to not 

teach these units at all during the pandemic. Other distinct shifts teachers reported during the 

pandemic included a decline in frequency in engaging students in scientific inquiry and debates 
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about scientific issues; a decline in focus on teaching general learning outcomes (GLOs); a shift 

in priority for teaching specific learning outcomes (SLOs); and a decline in teaching the Cluster 

0 Overall Skills and Attitudes SLOs. While more teachers reported a reduced focus on the 

Cluster 0 SLOs, a small number of teachers did report a slightly increased focus on teaching 

these LOs. Specifically, Cluster 0 SLOs requiring student discussions were more adequately 

explored during the pandemic.  

Of great significance to this study, most teachers indicated practical learning 

opportunities are necessary for Grades 9 and 10 students to develop scientific literacy concepts, 

skills and attitudes, yet, during the pandemic lockdowns and restrictions, their students were 

rarely able to participate in such learning activities, or to experiment and collaborate with their 

peers. In both Grade 9 and Grade 10 science a large percentage of teachers taught many 

scientific skills and procedural SLOs through practical work prior to the pandemic, while fewer 

indicated teaching these SLOs via alternative learning activities throughout the pandemic.  

Despite restrictions to practical learning, many teachers found alternate ways to teach a number 

of SLOs without practical work and adopted a shifted emphasis toward SLOs more attainable 

without hands-on learning experiences.  

Phase II: Interview Findings and Discussion 

To analyze the qualitative interview data in this study, as explained previously, I used 

comparative analysis between transcripts, via the construction of codes and code groups, to 

enable the interpretation of links, patterns, sub-categories, categories and ultimately themes in 

the data.  

Following first level coding of the transcript data through constant comparative analysis, 

codes were grouped by type. Analysis of the eleven interview transcripts supported the 
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development of 38 codes and six code groups: School structure codes (e.g., Manitoba Education, 

administration); educational foundation codes (e.g., curriculum, SLOs, GLOs); resource codes 

(e.g., technology, teacher training); teachers’ experience codes (e.g., mental health, growth); 

codes for teaching during the pandemic (e.g. teacher approach, restrictions); and learning impact 

codes (e.g. skills/attitudes, scientific literacy). Code groups, codes and abbreviations used in the 

phase two data analysis are presented in Appendix E.   

Categories were formed as codes and code groups took shape from the teachers’ 

interview responses: School structure and administrative decisions; science education 

foundations; supportive resources; and personal and professional teacher experiences were found 

to influence pedagogical decisions regarding what to teach in Grade 9 and Grade 10 science, and 

how to teach it—both prior to and during the pandemic. My analysis suggests that the first four 

code groups—school structure, educational foundations, resources and teacher experiences, had 

a vital, sequential and compounding influence on the fifth code group: Teaching science during 

the pandemic. I viewed the sixth and final code group: Perceived impacts on student learning, as 

the emergent result of the fifth code group. 

The six code groups determined in the Phase II analysis are depicted in Figure 1, with the 

pedagogical response of Grade 9 and Grade 10 science teachers during the COVID-19 pandemic 

as the central phenomenon in this study. 
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Figure 1.  

Code Group Map 
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teachers’ curricular content and approaches during the COVID-19 pandemic. Evidence to 

support the collective influence of these four sub-categories on the pedagogical decisions made 

by Grade 9 and Grade 10 science teachers during the pandemic is found in the numerous quotes, 

multiple perspectives and divergent views shared during the Phase II interviews.  

In my analysis, the complex myriad of elements as Manitoba Grade 9 and Grade 10 

science teachers made pedagogical decisions and implemented them during the COVID-19 

pandemic were identified as the fifth code group which I saw as a distinct second category: 

Dynamics of teaching science during the COVID-19 pandemic. My coding of the interview data 

suggests that curricular teaching priorities coupled with instructional modes and approaches to 

engage science students with alternate learning activities while restrictions to practical learning 

were in place, were adjusted throughout the pandemic’s stages. The data connected with this 

category was helpful to extend understanding to the Phase I research questions and to inform the 

first Phase II research question. 

The third and final category: Perceived learning impacts for Grades 9 and 10 science 

students during the COVID-19 pandemic, emerged from the second category, and is of critical 

value to answering the second Phase II research question and main research question guiding this 

study. 
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Figure 2 

Categories and Sub-categories 
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2. The rapid transition to remote teaching with the arrival of the pandemic required 

urgent upskilling for these teachers to adopt new technologies to teach their students, 

before they could consider science-specific pedagogy. 

3. The curricular units and LOs these Grade 9 and 10 science teachers prioritize changed 

during the pandemic in response to a number of factors.  

4. Practical learning experiences were valued by these teachers to advance student 

scientific literacy—and teaching Grade 9 and 10 science without them during the 

COVID-19 pandemic was exceptionally challenging. 

5. These teachers adjusted their instruction and assessment in response to limitations on 

practical and student cooperative work during the pandemic, providing students with 

various alternative learning activities but remaining significantly reliant on digital 

technologies. 

6. These teachers reported students were less engaged in their learning when alternative 

approaches to practical learning were utilized. 

7. These teachers perceived student learning gaps resulted from limited opportunity to 

learn science through alternatives to practical work during the pandemic; and 

perceived scientific literacy gains for Grade 9 and 10 students were inferior to those 

previously achieved.  

A discussion of the Phase II findings around each theme follows, with references to the relevant 

literature, the Manitoba science curriculum documents, and my personal teaching experiences.  

As indicated previously; in order to do justice to the significance of the participant 

responses and to provide a thick description of the data interpretation process, I included many 

verbatim quotes from each participant, (e.g., P1 – P11) to support the emergence of the 
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categories and themes. These contributions may be representative of similar or dissimilar 

opinions of participating teachers, or striking language with respect to how ideas are presented, 

or both. Transcription notations have been included within participant quotes: Italics for verbal 

emphasis; and square brackets for verbal descriptions of participant gestures or text clarification. 

Theme One: The professional and personal experiences of these Grade 9 and 10 teachers 

seemed to have significant impact on their decisions regarding what they teach and how they 

teach it, and these experiences were dramatically different prior to and during the pandemic. 

Teaching experiences prior to and during the COVID-19 pandemic were described by 

one teacher as “a completely different battle” (P5), and this distinct challenge dominated the 

interview discourse. “I’ve always loved teaching and working with kids and doing science, it’s 

one of life’s greatest joys, but I hated teaching science during the pandemic” (P1) explained 

another while emphasizing the general view shared amongst the Grades 9 and 10 science 

teachers. Understanding the novel experiences of this group of Manitoba Grade 9 and 10 science 

teachers throughout the COVID-19 pandemic is mandatory to understanding their pedagogical 

response.  

All of the teachers shared their personal stories associated with the challenges of teaching 

during the pandemic and detailed accounts of their professional struggles teaching science, along 

with the array of novel professional and personal challenges which persisted throughout the 

pandemic. According to Hughes and Lewis (2020), teachers’ decisions are shaped by factors 

related to the teachers themselves such as their beliefs and identities; their curriculum materials 

and agency to implement them; and context. Within the pandemic context, teachers were 

burdened with multiple stressors and new demands they were unprepared for (Reimers, 2022), 

which they explained, during the interviews, had impacted their pedagogy. Despite the 
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difficulties, I got the sense that these teachers’ dedication to teaching science remained steadfast: 

“Science teachers were adamant to give students the best they could” (P6), aligning with other 

studies that reported the tremendous efforts of teachers worldwide to continue to teach science 

during this unprecedented period (e.g. Aguirre & Selampinar, 2020; Giordano & Christopher, 

2020; Marshall, 2022). Although teachers shared similar professional and personal experiences 

globally throughout the pandemic, understanding the unique lived experiences of Manitoba 

teachers while navigating pedagogical decisions to foster student scientific literacy was 

important to this study.  

I identified a distinct difference between the experiences that teachers described at the 

start of the pandemic versus their later experiences and accompanying professional growth as the 

pandemic progressed. I felt this was evident in one teacher’s response which also highlighted 

individual differences and needs of the teachers: “The difference in teachers…Oh, my God. It 

was all over the spectrum at the start...the next year I got up to speed”. A discussion of teacher 

experiences early in the pandemic precedes their later experiences, beginning with the first 

period of pandemic teaching from March through June 2020, which teachers described as 

generally confusing and exceptionally difficult. One indicated: 

At the start of the pandemic, that whole first March till June, I wouldn't even call 

it teaching, because I didn't know how to do it. I don't feel I had the tools to be 

able to do it (P9). 

While these science teachers entered March 2020 as trained and experienced professionals with 

autonomy and confidence to make pedagogical decisions in the best interests of their Grades 9 

and 10 students, when March ended, all felt untrained and confused about how to do their job. 
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Another teacher expressed the trepidation that accompanied the professional uncertainties they 

felt at the start. I related to this experience while I was teaching in March 2020, 

You kind of felt like you didn't really know how long you were going to be out 

for, and initially most of the kids did nothing because they thought they were 

coming back after spring break. I know for teachers, we felt a lot like that, too… 

like after spring break things will change, we're gonna miss a couple of weeks, 

whatever, we'll figure it out (P5).  

During spring 2020, many educators from various countries believed the pandemic was a 

temporary emergency that would not require major changes in education systems (Kosaretsky, 

2021). As a result, most teachers did not invest in learning and changing pedagogy to adapt to 

the new reality, as there was deep uncertainty regarding how long schools would be closed. “It 

was a big stand still” (P2) explained one experienced teacher, describing the state of paralysis 

they felt with their colleagues as they wondered what would happen next. “I initially sent my 

kids home with two weeks worth of stuff when we went into lockdown” (P9) another teacher 

explained. This “stuff”, P9 explained was a previously printed collection of learning activities, 

readings and worksheets for normal lessons, and this teacher added “I have no idea how many 

kids used these, maybe 20%” (P9). Decisions about what to teach and how to teach it, while 

coping with the strange and stressful new reality of being locked down at home, were not of 

pressing priority for these teachers—just yet. While navigating initial adjustments at home and 

with family while “coping with work one day at a time” (P1), I noted that none of the teachers 

offered comments suggestive of school or administrative supports. As Lavonen and Salmela-Aro 

(2021) contend that principal’s support and motivating leadership served a key role supporting 

aspects of teacher’s well-being during the pandemic, such support may have aided these teachers 
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through some of their experiences. However, the combined impact of their unpreparedness and 

the precarious position threatening these teachers’ ability to teach effectively took its toll, as one 

teacher summed up: 

There were days where I was pretty stressed, and not feeling like much of a 

teacher to be honest, because I felt like I was just failing. And I really had to 

remind myself a lot that this is not normal, and it’s not like you have a 

guidebook to go by (P3). 

The extreme shift, from being, and feeling like a competent science teacher to “not feeling like 

much of a teacher” (P3), in my view was a horrific experience that challenged this teacher’s 

professional identity, well-being and mental health. Manitoba teachers were among the global 

population of teachers sharing the same issues, while going through this seismic change in 

education (ICET, 2020). Unsurprisingly, other teachers interviewed expressed similar emotion, 

and worried about not being able to adjust appropriately without adequate training, guidance and 

supports to make suitable pedagogical decisions, and moreover—of failing to teach science to 

their students in an effective way. While teachers would likely have appreciated a guidebook, 

interview participants explained that pedagogical decisions became the sole responsibility of 

individual teachers, given limited collaboration with other science teachers while isolated in their 

homes. This is similar to findings in other studies (Tomasik et al., 2020; Zhang et al., 2020), and 

different learning experiences among Manitoba science students were therefore expected.  

One unexpected event in Manitoba however, was shared by these teachers and seemed to 

disrupt the pedagogical decision-making capacity of all teachers: The Manitoba government’s 

decision to freeze students’ grades in March 2020 for the remainder of the school year. Every 

teacher that I interviewed felt distressed by this decision, expressing: “The thing they put out 
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March 20th, that defined everything” (P2). This was also supported by other teachers who 

commented that: “The government gave students an excuse to not do work, and I know it was a 

split-second decision when the world was tumultuous and we had no idea what was going to 

happen next” (P4); “They’ve been told it doesn’t matter what they do, so now they really have no 

interest” (P7); and, 

The biggest hindrance to educating students during COVID when it came to 

Grade 9 and Grade 10 science was the fact that the government said right off the 

hop, their marks would not be important, and that made it really, really hard for 

teachers (P1). 

Several participants also described how their concerns were exacerbated when the province 

announced one week later, that “No student will be held back due to the COVID-19 pandemic, 

but students must actively engage in learning” (Manitoba News Release, March 31, 2020). 

Participants’ frustration and aggravation were apparent in many interviews as the tone of 

teachers escalated when responding, and teachers articulated their concern for the magnitude of 

these government decisions on their practice, and on their students’ learning. “The simple 

government action allowed so many students to check out for the rest of the school year and I 

don’t know how long it’s going to be until we stop seeing the consequence of that moment” (P1); 

“Kids could not fail—take what you get from them and if they do it, they pass. If they put their 

name on it, they pass” (P8); and “Students had no incentive to do the work, because everyone 

would get their credit” (P4). A parallel finding was reported in Marshall’s (2020) study as 

students were granted an A without attending class. One participant, wrote in the Zoom interview 

chat, “Our administration told us to give our students the highest f@#king mark you can find a 

legitimate way for them to earn, if you have ANY EVIDENCE OF LEARNING” (P10). 
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Notably, I was given the same direction during the spring of 2020 which suggests that Manitoba 

teachers in at least two school divisions shared this experience. With the personal and 

professional pandemic experience already overwhelming teachers, it seems that having final 

grades and course completions assigned just six weeks into the half-year semester added great 

stress and complicated these teachers continued teaching experience and efforts to teach science.  

Although these teachers lacked experience with school closures, and understandably did 

not know what to teach or how to teach it when the pandemic began in March 2020, these 

government decisions failed to afford teachers professional autonomy to direct learning and 

assessment in their science courses, unlike before the pandemic. As Audrain et al. (2021) 

described lower levels of autonomy are linked with reduced commitments to teaching, I believe 

the impact of this experience on these teachers’ identity and confidence added a sense of fragility 

to their teaching during this period. From my experience teaching Grades 9 and 10 science in 

spring 2020, I think at least four factors underpinned the emotive reaction and responses of these 

teachers. First, while these teachers’ comments might accentuate the perceived importance of 

course grades, for teachers, and likely for their students, parents and society, these teachers did 

not appreciate having these directives while they were struggling to teach, and they felt that the 

directives had a negative impact on students and learning. I agree with Davies (2020) who 

contends that students need fair assessment, and that part of learning and advancing 

metacognition is seeing the evidence when they have succeeded—which, according to these 

teachers, is usually a percentage grade at the end of the course. While expressing the view that 

Grades 9 and 10 learners may be motivated by grades, and anticipating difficulties engaging 

some students in their learning with course credits already granted, this was not the main concern 

expressed by these teachers. Rather, they voiced significant worry about supporting their teenage 
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students whose lives had been toppled, and that teaching science was secondary to caring for 

their students during this early stage of the pandemic. Similarly, several studies showed that 

teachers in other countries shifted their priorities to their students’ well-being when the pandemic 

began (Reimers, 2022). Moreover, Audrain et al. (2021) contend teachers are increasingly asked 

to do more for their students, and on a global scale the pandemic further raised the expectations 

of teachers. When students needed counsellors for instance, teachers were thrown into a dual role 

without any training to support their students in multiple ways (ICET, 2020). Second, these 

government decisions undermined the teachers’ professional autonomy by effectively 

eliminating their ability to make decisions regarding the assessment of their students from March 

2020 to the end of the school year. While the Manitoba government’s curriculum standards 

documents list important features of assessment: “In Senior Years science, as in other subject 

areas, effective assessment is an integral part of instruction and learning; is continuous and 

ongoing; is authentic, collaborative and reflective of meaningful science-learning processes; is 

focused on students’ strengths; is based on how students learn; and is supportive of learning by 

offering clear performance targets to students (MET, 2000, p. 23); in the spring 2020 term, it 

seemed that the Manitoba government had temporarily suspended any opportunity for teachers to 

engage with these invaluable elements of assessment. Osborne and Pimentel (2022) contend that 

in science education, “Assessments can be high stakes for both teachers and students. Hence, 

they are read carefully as an important signal of the intent of the curriculum” (p. 248). While 

teachers were required to continue to plan lessons and to continue to teach, they felt denied of 

this integral component of instruction and learning—which in my view, challenged their 

teaching philosophies and their options.  
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The emotive responses of these teachers to this government decision hold deeper 

connotations about their interpretation of the curriculum standards and influence on their 

pedagogy and agency, which might only be recognized by others who shared this experience. 

One teacher expressed consideration to the importance of continuous, ongoing assessment for 

learning that focused on students’ strengths during this early pandemic period, stating “I called 

all of my kids at home a couple of times, because I knew they really needed any positive 

feedback I could give them” (P3). Third, navigating government decisions to freeze student 

grades and assign course credit six weeks into the term was a new experience for teachers, which 

significantly impacted their capacity to make pedagogical decisions. What do you choose to 

teach, and how do you teach science to Grade 9 and 10 students for the remaining 14 weeks of 

the term, with course grades and credits already assigned—particularly if students lacked 

motivation to engage in their learning? Lastly, as Grades 9 and 10 science clusters are taught in 

the order teachers decide to teach them, in March 2020 when grades were frozen, students had 

likely completed only one unit in the course. For instance, my Grade 9 students had just 

completed their first unit, Nature of Electricity, which I always positioned first when teaching the 

second half-year semester since static electricity is more observable during Manitoba's cold, dry 

winter. I am aware that other teachers also address Grades 9 and 10 clusters in different orders, 

which likely resulted in Manitoba Grade 9 and 10 students learning different material from one 

another during the first six weeks of the 2020 spring term. Teachers were concerned about 

potential confusion for students and their parents, and for teachers at the next levels in science, as 

overall course grades in June 2020 represented student achievement in just one of four clusters. 

Further, while some students may have excelled, others may have struggled in the first units 

studied in spring 2020; and some teachers may have completed few assessments of learning. As 
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Grade 9 science course grades are useful to inform teachers of student preparedness for Grade 10 

science and of supports that may be required, and Grade 10 course grades are useful to indicate 

the readiness of students to embark on elective Grade 11 courses in chemistry, physics and 

biology; teachers feared that inaccurate representation of overall student achievement in Grades 

9 and 10 science might be problematic.  

Participants also explained that another government decision had additional impacts on 

their teaching experiences and further complicated their pedagogical decision-making: direction 

to limit remote teaching time with students (Manitoba News Release, March 31, 2020). Teachers 

expressed their concern for student contact time, “The hours the government stated for Grades 9 

and 10 students was restrictive” (P3); “They asked us to limit screen time and lessons to twenty 

or twenty-five minutes” (P6). These teachers deeply grappled with the government’s initial 

directives while professionally isolated in their homes, and while restricted from in-person 

communication with their school administrators, colleagues and students, their teaching job and 

decisions were daunting and some didn’t know what to do. One teacher stated “Well, if it takes 

them ten minutes to log on, like what am I going to do with them in ten minutes?” (P9), echoing 

the worries my colleagues and I experienced in March, 2020. As Grades 9 and 10 science 

teachers had experience designing and implementing many diverse and meaningful lessons 

commonly one hour in length prior to the pandemic, they were challenged at the start of the 

pandemic to plan and teach effective science lessons of 20-25 minutes. Despite studies 

examining the impact of the pandemic on learning that have revealed that long hours in virtual 

classes were not desirable for teachers or their students (Lavonen & Salmela-Aro, 2021), and 

most can likely relate to the discomfort and difficulty of sitting at a computer for extended 
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periods; these science teachers felt the government should have afforded longer class times 

conducive to meaningful teaching and learning in Grades 9 and 10.  

While the teachers expressed their frustrations with imposed limitations on their 

pedagogy by the Manitoba government one queried “It makes you wonder if other provinces, or 

teachers in other places have to deal with these ridiculous mandates?” (P9). While I found no 

evidence of grades being frozen in other jurisdictions, I became aware of different international 

approaches in educational governance that shaped experiences of teachers worldwide during the 

pandemic. Although some countries (e.g. Poland) adopted a single national educational strategy 

when the COVID-19 pandemic arrived (ICET, 2020), in contrast, Kosaretsky et al. (2021) 

described different scenarios were implemented in different regions of other nations (e.g. Russia) 

and a lack of political consensus in Spain resulted in the 17 Autonomous Communities 

implementing different policies and guidelines (Valle & de Olagüe-Smithson, 2021). Iwabuchi et 

al. (2021) explained how most public schools in Japan were unable to hold online courses, and 

some innovative local governments worked independently to mandate various instructional 

alternatives that included a shortened summer break and alternative classes in summer 2020. 

Similarly to some nations, educational governance differs in Canadian provinces, and it seems 

that Manitoba teachers experienced a unique set of challenges influencing their pedagogy.    

As the pandemic progressed, different personal and professional lived experiences 

seemed to be intricately connected in underpinning the pedagogical decisions these teachers 

made, surfacing in responses such as: “We all had to be two meters apart, wearing 

masks…cleaning or sanitizing desks and whatnot between classes and stuff like that” (P2); “It 

was terribly stressful and my priorities vacillated between my personal safety, the safety of my 

students, and, lastly, my curricular objectives” (P1); and “My curricular objectives became low 
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priority” (P6). Although teaching during the pandemic brought a lengthy list of daily tasks and 

routines that took precedence over, and time away from teaching science; these participants 

indicated that safety of staff and students was paramount. While pedagogical decisions about 

teaching science to students and advancing scientific literacy were at the forefront of these 

teachers’ daily routines prior to the pandemic, unsurprisingly, it seemed that personal and 

professional pandemic demands meant these teachers had little time and energy remaining to 

think critically about their pedagogy. 

Other teacher responses detailed stress and concern for their students, and their own 

families, over concerns about their pedagogy: “Before the pandemic we weren’t as concerned 

about our students and isolation or mental health, and during the pandemic that has been a 

forefront of concern for us, and that has definitely changed the way we teach” (P4);   

As a parent who also has kids at home in elementary school, I had to be a parent 

from nine to three, so from seven o’clock each night till two in the morning I 

was making video lessons and finding all the links and getting everything set up, 

and I would have 4 hours of sleep sometimes, and then boom, up with my kids, 

trying to keep them engaged as well as answering all the emails that came from 

families and school during the day—it was hugely stressful (P3). 

Educators globally shared similar experiences in breakout discussions during the Teacher 

Experience and Practices in the time of Covid-19; Valuing Teacher Voice ICET/MESH 

Symposium on October 8, 2020 that I attended, with resoundingly comparable messages: 

Teachers’ personal, emotional, and professional lives had drastically changed, but their goal to 

continue teaching their students remained the same. I felt that the teachers in this study 

demonstrated remarkable commitment, grit and resilience while working to sustain student 
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learning. Manitoba teachers experienced great personal and professional pressure, joining other 

educators globally (ICET, 2020) who reported their jobs changed immensely and that they 

worked around the clock with little time for family or self. All of the teachers were in agreement 

that teaching science during the pandemic was an incredibly stressful experience, but they 

remained focused and dedicated to doing their job. This was emphasized in the response of one 

teacher who was suffering with direct health impacts:  

It was just so much, and my husband was like oh my goodness, this is 

ridiculous, how do you do this?... I just, I can’t fail…there’s no way I’m not 

going to do this well, and so that’s the stress on myself, right. I was dying. I was. 

I started getting migraines. I would be off work various times because they were 

incessant and there was no way to get rid of them, and it was just from stress. I 

have kids to take care of. I’m trying to take care of their mental health as well, 

and their education, and then I have yours, and I care about you. But you’re not 

my children, but I’m trying to do my job (P1). 

Along with a multitude of mental health concerns for the student population reported in other 

studies (Hoffman & Miller, 2020; Lavonen & Salmela-Aro, 2021), teachers in some contexts 

reported a “workload that more than doubled” (Stephenson, 2021, p. 9) during the pandemic. 

Teacher mental health concerns significantly impacted workplace productivity (Enns, 2021)—

and observations of “teacher burnout [were] on the rise” (Manitoba Teachers’ Society, 2021, p. 

20). These reports are similar to the results of a nationwide US study conducted by Gicheva 

(2022), which revealed pandemic instruction was more taxing on teachers, and the demands and 

higher workloads led to reduced morale and increased burnout.  
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 Considering these Manitoba science teachers made critical pedagogical decisions under 

these remarkably stressful circumstances, it is worth reporting that most of the teachers indicated 

an overall general satisfaction with the job they had done. One teacher stated, “I feel like I did 

the best I could with what we could do” (P3), while another described an overall sense of 

personal and professional growth through their pandemic experiences: 

I've definitely learned a lot over the course of it and I think it's definitely led to a 

lot of creativity and problem solving on my part… this was a complete shift in 

pedagogy… it was a pretty incredible effort (P2). 

As teachers described their knowledge gains through this complete shift in pedagogy, I noted this 

teacher’s learning aptly resulted from new and deep involvement in their experience—which 

Petersen and Kolb (2018) emphasize are required for real learning. I also noted that the general 

perception of adequacy to teach science during the pandemic held by some teachers that I 

interviewed was often without reference to advancing student scientific literacy. 

Understanding the collective personal and professional experiences of these Manitoba 

teachers throughout COVID-19 was essential to understanding their capacity and autonomy to 

make decisions about what to teach in Grades 9 and 10 science, and how to teach it. The single-

most influential experience however, was the one that upended science education worldwide 

(Valle & de Olagüe-Smithson, 2021) and the lives of Manitoba Grade 9 and 10 science teachers: 

The sudden change to remote pedagogy that they were untrained and unprepared for, that 

prefaced “the biggest unplanned educational experiment ever seen” (Soares, 2020, p. 3397). 
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Theme Two: The rapid transition to remote teaching with the arrival of the pandemic required 

urgent upskilling for these teachers to adopt new technologies to teach their students, before 

they could consider science-specific pedagogy. 

All participant teachers described the abrupt, drastic change in teaching mode they 

experienced in March 2020—going from in-class instruction, in which teachers were expertly 

trained and skilled; to the demanding mode of remote instruction, in which they lacked training 

and expertise, as incredibly difficult. Scholars reported that teachers worldwide had similar 

experiences as they were thrust into an emergency teaching model most were unfamiliar with 

(e.g. Burgos et al., 2021; Gajderowicz & Jakubowski, 2025; Valle & de Olagüe-Smithson, 2021). 

One participating teacher’s response seemed to capture the magnitude of the experience:  

It was like being in class with students one day and jumping into an online 

world where I had no idea what I was going to even do. I didn’t know about 

Microsoft Teams or anything like that, so it totally took my teaching philosophy 

and flipped it upside down…. We now have the document cameras, I have the 

laptop, we have all these things in place, Edsby [web-based K-12 management 

system]. We were just introduced to Edsby when this all happened. We are like 

machines with this now. Well, most of us, anyway (P2).  

The general experiences described by this teacher at the start of the pandemic offer the general 

sense of “Panic-gogy” (Watts et al., 2022, p. 3) that teachers felt when the pandemic began; and 

the general sense of comfort many later felt in surviving the online experience, as Donovan 

(2020) proposed would eventually occur. The expectations on teachers to swiftly transition into 

remote teaching as governments directed the education of children to continue; raised the 

profiles and digital expectations of teachers globally (ICET, 2020; Dong et al., 2020). Teachers 
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were required to adapt immediately to a new teaching paradigm that involved using online 

teaching platforms and course management systems utilized in their schools and school 

divisions, such as Google Classroom, Edsby, Microsoft Teams or Zoom—which as McKnight et 

al. (2022) identified in a US study, many teachers were unfamiliar with or had never used. 

Lavonen and Salmela-Aro (2021) suggested teachers with experience or better equipped with 

digital skills were more likely to be engaged with new technologies in their remote teaching, 

while those struggling with new “digi-pedagogy” knowledge, skills or platforms (p. 105), were 

more likely to feel burned out.  

Despite their inexperience with these tools, the participants in this study described that 

they had little choice but to become proficient with them in their daily routines to record 

attendance and grades, to communicate with students and their parents, and to teach science—

with some new skills enduring. According to one participant teacher: 

I learned some skills I probably wouldn't have… all the teachers got everything 

set up on Google Classroom, and that was something I hadn't done. So, it kind of 

forced me to learn all of that Google Classroom end of it, and I continue to use 

that now (P7).  

This rapid digi-pedagogy upskilling was crucial for teachers to teach their students throughout 

the various stages and modes of remote, BL and restricted in-class instruction throughout 

COVID-19. As each instructional mode required its own unique set of tools, scholars recognized 

the need for teachers to develop specialized skills for their effective implementation (Graham et 

al., 2019)—but the Manitoba teachers who participated in this study shared that they lacked 

training and experience with any of them. Valle and de Olagüe-Smithson (2021) suggested 

insufficient training and limited proficiency in the use of online platforms or interactive 
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audiovisual material meant teachers required online tools and supports. As Marshall (2022) 

found over 90% of teachers surveyed in a US K-12 study had never taught online prior to the 

COVID-19 pandemic and fewer than 2% had training in remote pedagogy, it was not surprising 

that these Manitoba teachers were untrained and inexperienced; nor that Marshall reported a six-

fold increase in views for online support sites like Microsoft Teams occurred from February to 

March 2020. While teachers worked to improve their digi-pedagogy, Lavonen and Salmela-Aro 

(2021) pointed out that knowledge and skills to support students’ engagement, learning, and their 

well-being in online environments were also required. To add to the confusion for Manitoba 

teachers, teaching styles “had to change on the fly” (P6), as changes were frequent but varied 

between schools. “With the restrictions, there were just too many [different pandemic periods 

and teaching modes] to try and keep track of” (P11), while another teacher elaborated: 

I feel like I had three different modes… remote; providing materials for students 

who did not have access to Internet.… We had no blended or 

synchronous/asynchronous teaching, not in our school (P3). 

The changing pandemic climate that teachers experienced and adjusted their work and 

daily lives within was described by one teacher as generally haphazard, which further 

complicated their teaching: 

We did remote. Then we set it up into cohorts and we figured it would be better 

to have kids in school every day… everyone got their opinions in. 

Administration kind of decided to do an every-other-day plan (P5).  

According to Carrillo and Flores (2020), the roles, competencies and interactions among 

all participants accompany effective remote pedagogy. Although administrators and 

teachers alike were untrained and inexperienced, the Internet allowed schooling to 
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continue—but educators had some catching up to do. Dube (2020) reported that some 

teachers lacked the knowledge and skills to operate a computer, and while the 

participant teachers were all skilled with this tool, as the pandemic progressed they 

described the predicament they were in as one teacher captured: “Full remote, was a 

learning curve” (P4). Other teachers elaborated: “No one knew any of the tech going 

on” (P2); “We were treading water with trying to learn all the technology” (P9); “We 

didn’t have anything set up, we didn’t have document cameras, we didn’t have 

anything” (P8); “The tech was new and glitches were frequent” (P5). The teachers’ 

responses align with the view of relevant scholarship that a lack of technical resources 

and expertise for remote teaching was an enormous hurdle to cross before any 

consideration of remote pedagogy specific to science instruction could be made. 

Moreover, such upskilling would require time and practice for teachers, and their 

students (Aguirre & Selampinar, 2020; Giordano & Christopher, 2020; Reicher, 

2020)—but these were not afforded, according to the participants in my study.  

As these teachers worked hard to keep up with daily lessons while learning and 

troubleshooting the technology required for remote teaching and communication with their 

students, they describe issues such as variable Internet access that surfaced across Manitoba 

communities and caused them to worry when students were unreachable, “Oh my goodness we 

had no idea what’s going on out there as so many students didn’t have connectivity” (P1) 

reported one concerned teacher. As Akoh (2018) contended, the assumption that technology can 

‘level the playing field’ in the education of all students, particularly in remote communities is 

often misleading, and can in fact further marginalize students. As these Manitoba teachers were 

learning, and as I experienced, an intimate reliance on technology and the Internet supports a 
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demand for educational equities in digital access and literacy that are socially, economically and 

culturally embedded (Carrillo & Flores, 2020); but some Manitoba communities and schools 

lacked resources. Various technology issues included the practical limitations of equipment for 

communicating with students, as one teacher explained: 

I definitely found full remote, um very difficult, because you can’t really see the 

students. And because we had a limited bandwidth in the school, we couldn’t 

turn on the cameras. We didn’t know whether they were paying attention, if they 

were even tuned in, or if they walked away from their computer (P3). 

Numerous scholars described significant and comparable issues worldwide as teaching remotely 

depended upon connecting with students via Internet access (e.g. Rossettini et al., 2021; Valle & 

de Olagüe-Smithson, 2021). Iwabuchi et al. (2021) explained most public schools in Japan were 

unable to offer online courses due to a lack of available technology in schools and student 

households, while Valle and de Olagüe-Smithson (2021) reported teachers in 50% of schools in 

Spain lacked the capacity and resources required to teach online. While Internet connectivity, 

digital equipment and funds for data joined the list of inequalities in provisions required to learn 

remotely from home, along with quiet workspaces and parents who had the time and capacity to 

support home schooling; Valle and de Olagüe-Smithson (2021) emphasized the additional 

disparity in how well teachers were equipped to manage the implications for their students. 

Further, Lavonen and Salmela-Aro (2021) explained that teachers felt stressed when their 

students had difficulties learning remotely, and as such, inequities among students had severe 

implications for teacher well-being. A variety of emergency plans were developed in some 

countries, to mitigate some of these issues and to support connections between teachers and their 

students during the pandemic. For example, subscription and data fees were waived by 
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telecommunication platforms and lessons were broadcast through public television and radio 

stations in Spain; and online provisions for teacher guides, textbooks and curriculum support 

lessons for Grades 10-12 were established along with study guides and materials for students 

with special needs or for those repeating (Valle & de Olagüe-Smithson, 2021). In some regions 

of Russia, computers and technology support services were made available for teachers and 

students; Internet service fees were reduced or provided free of charge to teachers and students; 

and express courses for remote teaching, training webinars and recorded video guides were 

provided to teachers (Kosaretsky et al., 2021). While a variety of national and regional 

educational support systems for remote teaching and learning emerged in other jurisdictions 

during the pandemic, Manitoba teachers were not afforded access to comparable forms of 

national or provincial support. To prepare teachers and students to teach and learn remotely in 

emergency situations, the inclusion of some remote instruction during a usual school year that 

requires the use of technology at home might be helpful. 

While learning to adjust pedagogy in their specialized disciplines during the pandemic, as 

these Manitoba Grade 9 and 10 teachers described, they lacked training in remote science 

instruction—training that often requires months or years to develop and which scholars such as 

Kyne and Thompson (2020) suggest is necessary. Layton’s (1991) perspective that developing 

subject-specific strategies to translate knowledge into effective instruction is a complex and often 

underestimated process seems to have been realized by these science teachers, as they found 

themselves struggling to teach science effectively to their isolated students after the pandemic 

began. One teacher said in frustration, “My lack of knowledge wouldn’t allow me to do some of 

the things that I would normally be doing when I have kids in front of me” (P7). Describing how 

pedagogical and learner engagement strategies used in classrooms fail to translate directly to 
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remote learning environments, Audrain et al. (2021) emphasized the difficulties teachers had 

guiding students toward appropriate self-regulation, metacognition, and active learning strategies 

while teaching remotely. Teachers could not conceive of ways to facilitate such learning, as two 

teachers explained: “You were really just delivering theory and trying to find some relevance 

which is not good pedagogy” (P5); “We weren’t really teaching, it was more like here are some 

notes, read them and try to learn” (P9), while openly expressing their shortfalls. Although 

science education should ideally bring about three kinds of learning: Enhanced conceptual 

understanding; enhanced procedural knowledge; and enhanced investigative expertise (Hodson, 

1993), and many teachers know what science education should look like to achieve this—with 

students exploring, hypothesizing, gathering evidence, and drawing conclusions (Olson et al., 

2014), the participants in this study could not provide this compulsory form of science pedagogy 

remotely. 

The implications for students learning science and the development of scientific literacy 

while untrained teachers were fraught with learning how to teach science through remote 

instruction, were vast (Kyne & Thompson, 2020)— “remote teaching is a problem: it 

shortchanges students” (Stephenson, 2021, p. 9). When restricted from their trusted science 

teaching toolboxes, teachers, including myself and my colleagues struggled to adjust while 

seeking innovative solutions as one participant explained:  

You can’t really do experiments and even demos through a camera. It’s very 

hard to set up…. And again, depending on our energies, for either that day or for 

that week, whether we could even set something up like that (P2). 

As many of the teachers expressed and as I learned in the 2020 spring term, teaching science 

remotely through a camera is incredibly difficult, inquiry activities and experimentation are 
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nearly impossible, and demonstrations are impractical even if one is familiar with the 

technology.  

As these teachers grappled to plan, create and deliver lessons to their science students in 

their isolated online workspace, they required suitable teaching resources for remote science 

pedagogy in Grades 9 and 10, confirming Hothi et al.’s (2022) perspective that “Innovations in 

pedagogy were the need of the hour” (p. 11). When asked if the curriculum documents were of 

some support to their efforts, one teacher revealed a level of desperation: “Yeah, like none… we 

just bought supplies off of each other through [Teachers] Pay Teachers, or shared resources, or 

made stuff up at 11:30 at night ourselves!” (P1). Although not considered a resourceful support 

for remote science education according to this teacher, the Manitoba science curriculum 

documents are foundational to the curricular units and LOs Manitoba Grades 9 and 10 science 

teachers continued to teach throughout the pandemic. 

Theme Three: The curricular units and LOs these Grades 9 and 10 science teachers prioritize 

changed during the pandemic in response to a number of factors influencing their practice. 

The rapid transition to remote teaching and learning required Manitoba Grades 9 and 10 

science teachers on March 23, 2020, to join other educators globally to make immediate 

decisions regarding what to teach and how to teach their courses (ICET, 2020). Underpinned by 

their personal and professional experiences with the abrupt change in pedagogy, these decisions 

included which clusters and LOs they could teach through a remote platform, and all other 

pandemic instructional modes. The participating teachers’ views were in general alignment with 

the scholarly perspective regarding what is most important to teach, to advance scientific literacy 

in the 21st century (e.g., Britt et al., 2014; Croce & Firestone, 2020; Valladares, 2021). However, 

while these teachers stated that they did their best to deliver their usual science programs, they 
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explained having little choice but to adjust significantly, and some abandoned entire units and 

large numbers of LOs with uncertain awareness of the impacts to their students’ learning or 

overall development of scientific literacy.  

A notable shift in these teacher’ priorities during the pandemic was identified, as the 

teachers compared their pedagogy throughout COVID-19 with their previous practice, but one 

overarching message was made clear: These teachers struggle to teach the entire Grade 9 or 

Grade 10 science curriculum to their students at all times because they see the curricula as too 

immense. Examples of statements that were made are: “It’s a massive curriculum, for both of 

them [Grades 9 and 10]” (P10); “There’s just too much…I don’t know anybody who teaches all 

four [units] in either grade” (P5); “I’ve only seen one school where they teach all four clusters” 

(P3); and “If you're going to do things well, really, I think we can only do three out of the four 

units” (P9). With 28 GLOs and 48 Cluster 0 Overall Skills and Attitudes SLOs in the Grades 9 

and 10 science curricula, along with 67 SLOs specific to Grade 9 science unit content (MET, 

2000) and 43 SLOs specific to Grade 10 science unit content (MEY, 2003), I generally agree 

with their perspective.  

Before discussing the content taught in each course and the rationale behind changing 

unit and LO priorities during the pandemic, it is important to note that teaching priorities were 

pliable, as adjustments were made in response to the different pandemic periods and instructional 

modes implemented across Manitoba school divisions in order to accommodate changing 

pandemic protocols. Participants noted that the first pandemic term in 2020, for instance, was 

exceptionally difficult for teachers, and their course content priorities were still under 

consideration: 
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There were definitely some outcomes that I didn’t do as much with, especially in 

that initial 2020 block in the spring. For example, with Motion, there was a lot 

of stuff that was going to be very difficult for kids to understand without seeing 

some of those things in person, and without them being able to connect to the 

Internet to even watch a video it was going to be pretty tough. So, there was a lot 

I left out in that particular unit that term (P2). 

While articulating their inability to teach many LOs during this term, I believe this Grade 10 

teacher (P2) offered a snapshot of the multifaceted decision-making that would be required of 

them throughout the pandemic: What scientific concepts would students struggle to understand 

without practical learning or demonstrations? How would technological issues support or 

interfere with student learning? Would video alternatives support or suffice for teaching some 

scientific concepts, skills or attitudes? What content should be included, or excluded, and what 

are the implications for students learning science and for their scientific literacy development? 

During this period, other teachers were simply unable to teach certain units, despite their 

priorities; and some students did not learn certain units, despite teacher’s attempts to teach them. 

As one teacher put it: 

I'm going to be really honest, in the Grade 10 that first year we only got to the 

Chemistry. We did Chemistry in class before March 2020 and were pretty much 

done when the pandemic hit. And we did the Ecosystems and Weather remotely 

through package work. Well, the kids that did the packages (P3). 

Despite “In Motion” being a usual Grade 10 priority for this teacher, they explained that teaching 

it remotely without time to prepare was impossible during the 2020 spring term, opting to teach 

the Weather Dynamics unit instead when they normally wouldn’t spend much time on it. 
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According to Darling-Hammond and Hyler (2020), teachers required time to craft and practice 

new and effective pedagogies to promote scientific literacy which, early in the pandemic, many 

were not afforded—consequently rendering some teaching priorities impractical. It seems likely 

to me that this resulted in variable learning impacts for Manitoba students in this period. Adding 

to the variable outcomes for students and of additional concern as previously discussed, the 

overall mark students received in Grade 9 or Grade 10 science during the 2020 spring term was a 

result of their performance during the first six weeks of the course, typically reflecting just one 

of four topical clusters rather than their overall achievement in the course. 

Although the 2020 spring term was fraught with complicated decisions, these teachers 

described the 2020-2021 school year as the most complex, with varying modes of instruction 

ranging from remote, to hybrid, to in-class with restrictions, and with the situation changing 

frequently. One teacher explained, “All of the varieties of how we had to physically be in the 

classroom or not in the classroom from September to that next June determined a lot of what you 

did and what you didn’t do” (P8); while another added that during times of blended learning 

“When we were teaching every two days, we had to cut some of the content so we just focused 

on the basics of the curriculum, and we also only did three units as opposed to four” (P9). As 

these teachers grappled to make important decisions like these, regarding what to teach and how 

to teach, most stated that they were overwhelmed with their professional sense of duty to provide 

a comparable quality of science education to their students, as they had before the pandemic. 

Other teachers added their views of what changed: “Before the pandemic it was much easier to 

get through the units, and to cover more outcomes in more detail” (P11); and “There was just no 

way to get through the curriculum [during the pandemic] (P1)”. While these teachers generally 

expressed their inability to teach the depth and breadth of their curriculum prior to the pandemic, 
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the pandemic greatly exacerbated the situation. It was importantly noted however that this 

inability to teach the curriculum might be more accurately described as their inability to teach 

what they prioritize as most important for Grades 9 and 10 science learners—which for 

participant teachers seemed to remain temporally steadfast throughout COVID-19. 

As the pandemic progressed, so did the necessity to adjust and teach content of perceived 

value for students: 

2021-22 was the year when students basically attended half days for most of the 

year. There was just so much interruption, and we focused on the big 

outcomes… [it] was a steep learning curve, but I think I got really good at it… 

the pandemic forced me to do that. We had to (P9). 

As this teacher indicated, priorities for what they taught centered on what they considered most 

important for students, but these evolved throughout the pandemic periods akin to the “stop-gap-

solution” Singal et al. (2021, p. 520) described as necessary, while teachers adjusted their 

pedagogy under pressure. As one UK study from the field of curricular reform reveals, when 

teachers are unaware of goals or are challenged by complex ideas in changing curricula, a 

reliance on existing practices and ways of thinking tends to guide their implementation (Hughes 

& Lewis, 2020). Although the change to curricula was forced by the pandemic emergency rather 

than the introduction of new curriculum, in my view these science teachers experienced a similar 

response when required to actively engage with curricular design, and turned to existing beliefs 

and practices. 

Course content priorities in Grades 9 and 10 science align with what these teachers 

perceived as most important for science learners in these grades, evident in their responses to 

what clusters and LOs they taught both prior to, and during the pandemic. Establishing the 
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content priorities in each course prior to the pandemic is crucial for understanding the subsequent 

changes identified during the pandemic, and serves as a backdrop for comparison while helping 

to expand the Phase I data to answer the first research question. 

These teachers provided their Grade 10 priorities when queried in statements such as: 

“For Grade 10 science, chemistry is always number one, physics would be priority two, ecology 

priority three, and weather last” (P5); “Chemistry and physics were non-negotiable…there was 

an equal amount [of time], but less in the ecology” (P8); “I focus on the Motion and Chemistry 

units, and I usually do Ecosystems as well in full… I usually get half of the Weather unit in as 

well” (P10); and “in Grade 10 we all omit the Weather unit” (P2). Of strikingly low priority, it 

was clear that some teachers don’t teach Weather Dynamics: “Chemistry and physics were 

prioritized over ecology and whatever the other cluster is, um and of course the other one was 

completely omitted. We just didn’t bother with the other one” (P1). Unable to recall the subject 

of one of four mandatory units in the Grade 10 curriculum (MEY, 2003), this teacher joined all 

other participant teachers who ranked this unit and its SLOs of lowest priority for their students. 

Another teacher added, “Weather might have been addressed in Geography, um, so we didn’t do 

it” (P3). I think this is a concern since the broad concepts of weather may be taught in numerous 

contexts and courses including Grade 10 Geography and Science in Manitoba, but the focus of 

the former is on impacts for natural resources not the science of weather. Since Grade 10 science 

is the last required science course for students in Manitoba, I think the implications of its 

omission are significant, as students lose opportunity to learn the scientific concepts in the 

Dynamics of Weather unit that are critical to understanding the atmospheric science of the planet 

they live on. There is also lost opportunity to learn other content, in the Dynamics of Ecosystems 

unit for instance given teachers’ generally reduced priority for this unit. With Chemistry in 
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Action and In Motion of primary importance overall, the Grade 10 participating teachers were in 

general harmony with their cluster priorities prior to the pandemic. 

Similarly, the Grade 9 teachers’ priorities were largely synchronized with their priorities 

prior to the pandemic as they all aligned with one teacher who expressed: “The chemistry is 

always number one” (P6). Other responses providing comprehensive representation of the 

teachers were: “I tend to prioritize reproduction and chemistry” (P3); “It was reproduction, 

chemistry, no astronomy and less electricity” (P2); “I would teach all four [units]” (P11); “I 

prioritized chem, and put less emphasis on astronomy” (P8);  “The Universe is omitted in Grade 

9” (P5); and “We don’t even bother with The Universe in Grade 9” (P1). Overall, the Grade 9 

chemistry unit, Atoms and Elements was a leading priority for teachers, along with 

Reproduction; while Nature of Electricity was of lesser priority, and Exploring the Universe, of 

minimal or nil priority. One teacher offered an enlightening comment which may be of some 

significance to understanding the priorities of Manitoba Grade 9 and 10 science teachers: “For 

teachers who have more of a biology major, probably the one that gets the least prioritization is 

electricity” (P2). I had learned firsthand as the Faculty of Education admissions officer at the 

University of Manitoba before I began teaching, that many teachers brought science degrees in 

biology, chemistry and physics into their secondary science teaching careers, over other branches 

of science such as earth science or astronomy. In my recent role as a University of Manitoba 

Faculty of Education Practicum Advisor, I again observed that most high school science teacher 

candidates had degrees in these three disciplines, but more often in biology. Grades 9 and 10 

teachers bring their individual passions, knowledge and skills into their teaching, along with an 

informed awareness of the academic preparation required to be successful in their chosen fields 

of study. If a large number of Manitoba teachers have degrees in biology, chemistry or physics, I 
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consider that the units they prioritize in their teaching might be consequently influenced. 

Regardless, the resulting implications of Grade 9 and 10 teacher priorities and their decisions to 

teach, or not to teach content, might carry long-term consequences for students’ scientific 

literacy in the 21st century—to their future learning, their careers, and their personal lives. Some 

participating teachers expressed disappointment in the implications of their own priorities: 

“Yeah, it’s not fair to the students if we don’t teach any astronomy [in Grade 9], just like the 

Weather unit in Grade 10 right. It’s easy to skip that one” (P10). A comprehensive discussion of 

these potential impacts will be presented in context with changing teaching priorities during the 

pandemic. 

In summary, the teacher’s unit priorities prior to the pandemic centered on three key 

findings in Grades 9 and 10: First, these teachers place greatest priority on teaching the 

chemistry units in both grades—Atoms and Elements in Grade 9, and Chemistry in Action in 

Grade 10. Next, Reproduction is of great priority and Nature of Electricity lesser priority in 

Grade 9, while In Motion is of great priority, and Dynamics of Ecosystems of lesser priority in 

Grade 10. Third, most of these teachers do not prioritize, and some do not teach the fourth units 

in each grade—Exploring the Universe in Grade 9, and Weather Dynamics in Grade 10. 

Generally, these Grade 9 and 10 teachers prioritized teaching units and LOs in the three key 

sciences: Chemistry, biology and physics, despite all four units being equally mandated in each 

curriculum (MET, 2000; MEY, 2003).  

During the pandemic, although these teachers’ priorities generally endured, an 

appreciable shift was found as they adjusted what they taught in response to pandemic 

lockdowns and restrictions that prevented them from teaching some of the units and LOs. In 

overview and to preface an in-depth discussion of shifted priorities and the reasons driving them, 
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three broad changes in these teachers’ practice are core to this discussion: First, an overall 

reduction in depth and breadth of content taught in each cluster, which varied by necessity 

throughout different pandemic periods and instructional modes. This reduction was more 

pronounced for some units including Nature of Electricity in Grade 9 and In Motion in Grade 10, 

but extreme in others as many teachers abandoned entire units, specifically the fourth units—

Exploring the Universe in Grade 9, and Weather Dynamics in Grade 10. Second, while teacher’ 

priority for units in the three key sciences persisted, decisions about what LOs to teach or not 

teach in the three key sciences resulted in plummeting priority of LOs in the fourth units. Third, 

these teachers generally taught a reduced number of LOs in both Grades 9 and 10 during the 

pandemic, while continuing to prioritize unit SLOs over GLOs and Cluster 0 Overall Skills and 

Attitudes SLOs; and while many of these teachers did not pay close attention to, and some were 

unaware of the Cluster 0 SLOs before COVID-19, the pandemic struggles exacerbated this 

situation. 

Despite numerous reasons behind their pedagogical choices, the potential implications of 

what teachers did not prioritize or teach, both prior to and during the pandemic may have 

significant consequence for student scientific literacy development—and for students taking 

Grades 9 or 10 science during the pandemic, perhaps even more so. As many scholars including 

Maia et al. (2021) stress the necessity for all students to become scientifically literate in order to 

think, judge, position themselves, make decisions and respond to relevant issues in their daily 

lives, for Manitoba students in their final mandated science courses in the province (MEY, 

2003), the impact of teachers’ pedagogical decisions might be significant. 

While discussing their pedagogical decisions at length, these teachers cited a number of 

influential factors prompting necessary adjustments to unit and LO priorities throughout the 
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pandemic’s periods and instructional modes. These factors, with varying levels of significance 

include: issues with technology and Internet access; time constraints limiting the size of units, 

and number of LOs taught; a required adjustment to learning expectations favouring concrete 

LOs over complex LOs; preparing students for their next levels in science, or for life and future 

careers; difficulties teaching some unit SLOs, GLOs and Cluster 0 SLOs with restrictions in 

place; school or team decisions about curricula, instruction and common exams; safety issues for 

staff and students; and the nature of the Manitoba science curriculum documents themselves. A 

consecutive discussion of each of these factors influencing teacher priorities follows; with the 

exception of technology issues, which were previously discussed and coalesce with the other 

factors. 

Time Constraints Limiting the Size of Units and Number of LOs Taught. To 

understand and appreciate how teachers’ unit and LO priorities were influenced by time 

constraints during the pandemic, an overview of the Grade 9 and 10 courses provides a baseline 

context for discussion. A total of 110 hours of instruction time is assumed in both the Grade 9 

and 10 science courses, and it is expected that each of the clusters (1-4) be assigned equal time 

(MET, 2000; MEY, 2003). In Grade 9 science, the suggested hours of instruction for each unit 

are: Reproduction, 28; Atoms and Elements, 27; Nature of Electricity, 27; Exploring the 

Universe, 28 (MET, 2000); and in Grade 10 science are: Dynamics of Ecosystems, 26; 

Chemistry in Action, 29; In Motion, 28; Weather Dynamics, 27 (MEY, 2003). 

Regardless of curricular suggestions, most of the teacher’s reported inadequate time to 

teach all units and LOs to their students during normal times. Government restrictions limiting 

daily contact time with their students during the pandemic along with other school disruptions 

and tasks that took more time including taking attendance for instance, meant even less time to 
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cover the units and LOs they normally prioritized. Teachers struggled with lost time, as one 

explained in frustration: “Time constraints… we had lost too many days… interruptions in the 

school year would be the main reason why I would leave outcomes out” (P5). Other teachers 

revealed a similar priority when time was cut short: “Sometimes it just takes time… you gotta 

get your nuts and bolts taken care of first and get at least the core curriculum [taught]” (P2). As 

school closures significantly reduced effective curriculum time during the pandemic, Reimers 

and Schleicher (2020) reported a shift of teaching priorities in different countries and schools to 

center on either core curriculum content for student progression and literacy; or on cognitive, 

social and emotional competencies fostering student well-being. Joining teachers in some 

countries, while the teachers interviewed in my study cared about their students’ well-being, they 

prioritized teaching core curriculum content during the pandemic. 

While describing how time constraints limited the size of units and number of LOs they 

taught before and during the pandemic, the specific clusters in the Grade 9 and Grade 10 science 

courses remained central to the interview discourse. As teachers made significant reference to 

particular Grade 9 and Grade 10 SLOs, a tally of SLOs in each unit helps provide the general 

scope for discussion. In Grade 9 science, the number of SLOs in each unit are: Reproduction, 18; 

Atoms and Elements, 14; Nature of Electricity, 24; and The Universe, 11; while in Grade 10 

science the number of SLOs in each unit are: Dynamics of Ecosystems, 10; Chemistry in Action, 

12; In Motion, 13; and Weather Dynamics, 8 (MET, 2000; MEY, 2003). 

As previously indicated, the Grade 9 teachers were generally aligned in prioritizing two 

units: Atoms and Elements, and Reproduction; while they ranked Nature of Electricity third, and 

Exploring the Universe last. Referring specifically to one Grade 9 unit: “Reproduction on its own 

is a massive unit and you can’t even get to all the outcomes that they’re asking for” (P6), one 
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teacher was in consensus with others in that the overwhelming breadth of certain units took too 

much time away from others. Some teachers described time limitations associated with the large 

number of LOs and feasibility of addressing all of them, and one offered an example referencing 

four SLOs in the Grade 9 curriculum: 

In Reproduction… [SLOs] 15, 16, 17, 18… these concepts are super detailed, 

and trying to get them to even understand the general idea of it so they can have 

an appreciation for what’s happening in their own bodies…there’s just so many 

huge chunks, so yeah, there’s just no time to do all of them (P3).  

While 7.5 hours of the total 28 hours suggested instructional time for Reproduction are 

designated to these four SLOs, of 18 in the unit (MET, 2000), from personal experience I agree 

with this teacher’s perspective that substantial time is necessary to adequately teach these 

detailed concepts. Each requires thorough investigations and discussions, and is of great 

importance to student scientific literacy: human sex-linked traits such as colour-blindness and 

hemophilia; environmental and personal choices contributing to genetic mutations or changes in 

development such as fetal exposure to alcohol, radiation and overexposure to sunlight, toxins, 

hormone mimicry or food additives; Canadian and international contributions to research in 

genetics and reproduction fields such as the Human Genome Project or cross-breeding 

production of canola in Manitoba; current and potential applications and implications of 

biotechnologies including their effects upon personal and public decision making, including 

genetic engineering, cloning, and DNA fingerprinting. Without time to teach important SLOs 

they prioritize and that are critical to learning science within each discipline, Manitoba teachers 

cannot achieve what the Grade 9 and 10 curriculum documents set out for them: “To develop 

functional scientific literacy in all Canadian students” (MET, 2021). 
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Another Grade 9 teacher disclosed: “I do Electricity, but I mean, I do two 

weeks” (P5). I would say that two weeks for teaching the 24 SLOs of the Grade 9 

cluster, Electricity, is an insufficient appropriation of course time to effectively teach 

this unit. I also note that 27 instructional hours are suggested (MET, 2000), and from 

personal experience I believe that amount of time is needed to effectively teach this 

unit. The Grade 9 teachers I interviewed generally agreed with the position of two who 

reported: “We tried to get through all of the electricity, but that was the one that we cut 

if we ran out of time. But, the other two [units], we would get through everything” (P6); 

and “I’ve always put more emphasis on the chemistry and biology units, and usually the 

electricity part… we usually get done the full three units” (P1). As teachers like these 

made hard decisions to leave out portions of the Electricity unit or other units, I noted 

that students might benefit from extra attention to other LOs teachers deemed more 

important, or even critical to their scientific literacy development or preparation for 

future learning in chemistry or biology for instance.  Further, while confirming their 

reduced priority for teaching the Electricity unit given limited time to teach, references 

to completing “the other two” units, instead of three; and “three full units” instead of 

four, confirmed the low priority for the Exploring the Universe unit. The Universe unit 

and its LOs were frequently left out of Grade 9 science instruction. One teacher 

explained their perspective on this, stating: 

Space, it’s nice to know, but it’s not completely essential in my mind. So, I do 

try to build it in throughout the course, pull up things that are happening…like a 

shuttle launch… and the kids do really enjoy it. But that’s where I trim some 

time for sure (P2). 
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While making it clear this unit was not a priority and therefore a place to cut content, this teacher 

indicated that any inclusion was often in association with current events of interest to students, 

over the science of the universe that include SLOs concerning: historical perspectives on the 

relationship between Earth and space; scientific perspectives on the origin and evolution of the 

universe; how various technologies like robotics, the International Space Station (ISS), 

Canadarm, Hubble telescope, rovers and space probes have extended our ability to explore and 

understand space; Canada’s participation in space research and international programs; and the 

impacts of space science and technologies on human life (MET, 2000, pp. 3.24-3.25). From my 

perspective, the importance of these SLOs, and their contributions to student learning cannot be 

understated— “global interdependence; rapid scientific and technological innovation… and the 

pervasiveness of science and technology in daily life reinforce the importance of scientific 

literacy" (MET, 2000, p. 1.2). I learned firsthand, that many Grade 9 students, with their smart 

phones in their pockets, value opportunities to learn about important new technologies in global 

communication systems that might impact their lives and future careers; and some have their 

eyes on the sky and minds open to the wonders and possibilities within our solar system, and the 

universe. For example, while teaching science in 2019, the Grade 9 students in my high school 

had opportunity to speak directly to Canadian astronaut, David Saint-Jacques while orbiting the 

Earth on the ISS. Amidst indescribable interest and excitement, a number of students asked their 

prepared questions over the speaker system in our auditorium and interacted with this astronaut 

through a communication feed extending from Winnipeg to NASA in Atlanta, the ISS, and back. 

Subsequently, it was of little surprise to our teaching team that one of these students decided to 

pursue a career in astronomical science. Simply put, all Manitoba students deserve fair 

opportunity to learn the science included in the mandated science curricula in their province to 
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enhance opportunities for a thorough acquisition of scientific literacy—but the participant 

teachers suggested that they do not all get this chance. One teacher explained why: 

The Universe is omitted in Grade 9, and in Grade 10 we all omit the Weather 

unit because if you want to provide enriched lessons with labs and activities, 

there’s no possible way to get to all four units… and get into the depth and 

breadth that they want (P3). 

Another teacher shared their unique perspective that linking astronomy with other units was both 

a way to save time, and valuable to promoting practical interdisciplinary views:  

If you leave astronomy to the end, you usually run out of time…but I think the 

kids should have some idea of what links the chemistry and biology to it… Like 

why is space travel worth it? I like the kids to think about what we have for 

energy production in Manitoba versus the rest of the world, and why we would 

be reaching out to the stars (P8). 

With an emphasis on important connections to other concepts taught in the Grade 9 course, this 

teacher’s interdisciplinary view also suggested low ranking priority of the fourth cluster, 

Exploring the Universe in Grade 9 science; while other teachers emphasized a similar rank of the 

fourth unit in Grade 10 science, Weather Dynamics—and how teachers preserve time for the 

three other units that they do prioritize.  

In Grade 10 science, one teacher described their detailed timeline: “During the pandemic 

I did not teach Weather Dynamics. I taught 8 instructional days in Ecosystems, 15 days In 

Motion, and 22 days in Chemistry” (P5). While teaching the entire Grade 10 science course 

during a normal period of time is challenging in itself, this teacher's priorities for 45 teaching 

days during one pandemic term excluded one quarter of the mandated course—the entire 
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Weather Dynamics unit. While revealing disproportionate teaching priorities for the units and 

LOs in Grade 10 science when pressed for time, it was additionally noted that this teacher’s 

quantitative log may have been intentional and useful for future reference and planning, or 

perhaps for student assessment and reporting. Another teacher echoed: 

We didn’t focus on any of the SLOs for the Weather cluster… we kind of, you 

know, set it off to the side, and if we had time, we would maybe talk about it in 

class, but not specify any lessons to it (P3). 

While some teachers indicated time restrictions left them with little choice but to cut LO content 

from these fourth units, it was amply clear in the way they described their actions that little value 

or effort was placed on teaching these units or their LOs. Comparatively, the Grades 9 and 10 

science teachers made no reference throughout the interviews to cutting any content from the 

chemistry units to save time for other units—as chemistry was the first ranking priority for all of 

them. 

While most Grade 10 teachers were aligned in prioritizing Chemistry in Action first, In 

Motion and Ecosystems next, and Weather Dynamics last, despite maintaining these unit 

priorities during the pandemic teachers had to cut LOs within them. Some teachers opted to leave 

out SLOs perceived to take more time to teach, although among the most important for SL 

development. One Grade 10 teacher explained: 

In Ecosystems for example, I focused on about three quarters of the 

outcomes…the ones that I cut out were to try and make it a bit shorter. So, I 

think it was maybe some of the last ones, like around bioaccumulation (P9). 

The elimination of complex LOs like this one suggests that students would have been denied 

opportunities to develop critical thinking skills to complex problems or to practically apply the 
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scientific knowledge learned. An understanding of bioaccumulation for instance, when chemicals 

become increasingly concentrated in biological organisms over time has become increasingly 

important for human health with the extensive use of pesticides; the increase in microplastic 

distribution; and elevating global emissions. In my experience, these complex issues that bear 

social and cultural significance require time to teach and time to learn, and often require practical 

work. Further, in my view, Grade 9 and 10 students should know that methyl-mercury 

concentrations are a concern in some Manitoba lakes and pose elevated risk to northern First 

Nations communities. To advance their scientific literacy, students should also understand how 

methyl-mercury enters the food chain and biomagnifies, and why pregnant women should 

minimize their weekly fish consumption for instance (MEY, 2003). Although bioaccumulation is 

introduced earlier in the Grade 10 Ecosystems unit (MEY, 2003, pp. 1.24-1.27), complex issues 

such as this one are usually prescribed in each unit’s final LOs despite their apparent impact on 

the development of functional scientific literacy. Yet, in my experience some teachers do not 

teach the final LOs in a unit.  

Another teacher expanded on the breadth of the Ecosystems unit: “You can spend three 

weeks talking about ecology… it’s really, really broad… and it would be great if we could cover 

those outcomes, but um, we can’t, because of time” (P1). With a contrary perspective of the size 

of this unit, another teacher stated “I find the Ecosystems unit smaller and believe there’s fewer 

outcomes in that anyway” (P9), as perhaps reasoning for a demoted priority for teaching it. 

Importantly however, this teacher’s view revealed an accurate perception of fewer SLOs in the 

Ecosystems unit. Yet, the comment fails to address either the complexity of the latter SLOs that 

may not have been taught, or the potential impacts of such losses on student learning. For 

instance, the tenth and final SLO in this unit requires students to investigate how human 
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activities affect an ecosystem; and to use the decision-making model to propose a course of 

action to enhance its sustainability while considering impacts on biogeochemical cycling, 

population dynamics and biodiversity. Five hours of the suggested 26 hours to teach this unit are 

assigned to this complex SLO (MET, 2000, pp. 1.24-1.27). In my view this amount of time is 

required to address the critical socioscientific issues (SSI) linked to human activities such as 

climate change, and important for students in their development of scientific literacy in the 21st 

century. Understanding the role that human populations hold on terrestrial, aquatic and 

atmospheric ecosystems, on important biogeochemical cycles such as carbon and nitrogen, and 

on global biodiversity, is imperative for 21st century learners in my opinion as they navigate 

their personal and societal responsibilities to protect them. As many scholars maintain, students 

learn best to address SSI through explicit practice addressing them (Morin et al, 2017) and 

teachers must prioritize these opportunities for students to learn science. Moreover, if learning 

opportunities found within SLOs like this one are of lower priority for teachers because they are 

considered too complex, or perceived to take too much time to teach, implications for the 

development of student functional scientific literacy are likely to result. Yet, the consequences of 

the pandemic meant time was a precious commodity for teachers, and other priorities emerged. 

Irrespective of how and why teachers make their decisions—limited time to teach all content, 

concern for teaching prerequisite concepts for future grades, common exams within schools, or 

perhaps the sequence of prescribed SLOs written within the curriculum documents; the impacts 

of these decisions might be considerable. Moreover, if students miss opportunity to apply 

important scientific conceptual knowledge, skills and attitudes necessary for developing 

scientific literacy while in Grade 9 and Grade 10, particularly if Grade 10 science is their final 

science course in high school, the impacts will likely be considerable. While students choosing to 
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pursue higher-level sciences might acquire conceptual understandings they miss while learning 

high school science as they further develop functional scientific literacy to apply to their chosen 

occupations and personal lives, Valladares (2021) suggests other students might carry lifelong 

deficits to understanding the real-world complex scientific issues facing society and themselves. 

In my view, such an outcome fails to serve the instructional philosophy presented in the 

Manitoba Senior Science curriculum documents that directs: “Programming should foster critical 

thinking skills and promote the integration of knowledge and application of facts to real-life 

situations” (MET, 2000, p. 17)—and overlooking any opportunity to provide this, disadvantages 

students. 

Another teacher expanded the discussion on complex SLOs, joining other science 

teachers, myself, and multiple scholars (e.g. Allchin, 2014; Bencze et al., 2020; Pedretti & Nazir, 

2011) who believe teaching current SSI in science augments functional scientific literacy. This is 

particularly evident when students have opportunity to apply their newfound knowledge, skills 

and attitudes in some practical way—even though the curricular organization of LOs might not 

support this. The idea that the curricular design itself suggests a prescribed teaching order for 

LOs, and might influence teacher capacity to address all of the outcomes while facing time 

constraints was considered in their response, as follows: 

I think the hardest outcomes are the last couple… to make global connections, 

the real-world applications… the trickiest outcomes and the goal of what you 

want to get to but the hardest for the students. I almost wonder if the curriculum 

should look like, here’s the big idea of this outcome, here’s the goal of what we 

want to teach, and here’s the pieces that we want you to cover. When you have 

20 outcomes and they all are weighted the same, you can focus a lot of time on 
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things that are leading up to the grandiose destination that you want to get to. 

And if you focus too much on all those little pieces, then you run out of time to 

focus on what really is the point of this unit, the big idea (P4). 

From this response and my experience, although some teachers may follow the consecutive 

layout of the curricular documents in their practice, most high school teachers and science teams 

interpret and adjust the curriculum they teach before designing and facilitating instruction. This 

approach is suggested in their curricula: “Clusters do not need to be taught in the same sequence 

as they appear in the document” and teachers are directed to use their own discretion to provide 

opportunities for students to achieve all LOs while emphasizing foundations, themes and the 

interdisciplinary nature of science (MEY, 2003, p. 28; MET, 2000, p. 3.3). As the “big idea” 

outcomes are positioned at the very end of the Grade 9 and 10 clusters despite arguably being the 

most important LOs for developing functional SL, if teachers teach unit SLOs in the order of 

their curricular appearance, crucial “STSE issues might be taught towards the end of a unit if the 

teacher got to that point” (Zoras & Bencze, 2014, p. 438). Crujeiras-Pérez and Jiménez-

Aleixandre (2017) contend that student development of scientific literacy is significantly 

enhanced when students are in the center of the learning process, engaging in local and authentic 

inquiry and science practice—and such prescribed opportunities commonly appear at the end of 

each unit. One teacher suggested their priorities would change if the curricula were presented 

differently to support a big idea approach, and subsequently protect the most valuable SLOs for 

student scientific literacy gains: 

If there was an emphasis on practical applications, or on sustainability to do with 

that unit and it was strongly emphasized by the curriculum and placed, say, near 
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the beginning and repeated, maybe as a theme throughout, then I would place 

more emphasis on that (P11). 

Yet, for experienced teachers, teaching the scientific competencies students need to develop 

inquiry, problem-solving, and decision-making skills necessary to make informed, critical 

decisions (MET, 2000) found in complex, big idea SLOs is challenging for some at the best of 

times: 

Research skills and design skills are important. One year I did an inquiry 

project… let’s all come up with our own experiment to grow beans or another 

vegetable and see if you can figure it out, but all those things require a lot of 

class time, a lot of class time, so I have to decide - am I putting emphasis on 

this? (P1) 

Time considerations are critical as teachers plan and organize units, and some learning activities 

naturally require more time than others, such as inquiry-based learning in which students 

question, predict, observe, infer, measure, classify, experiment, collect, analyze and interpret 

data while developing fundamental attitudes of curiosity, skepticism, and creativity that are 

foundational to scientific literacy (MET, 2000; MEY, 2003). However, scheduling time to teach 

critical authentic SI activities that are an important process in learning science (MET, 2000) and 

for the development of functional scientific literacy is crucial (Allchin, 2014; McBride et al., 

2004). Teachers are cognizant that their choices to prioritize particular LOs involving select 

concepts, skills and attitudes from the extensive lists in Grades 9 and 10 science, are 

unfortunately at the cost of time available for other LOs. But when teachers make decisions to 

leave out valuable SI or technological problem-solving activities from their teaching because 

they are too time consuming, the potential implications for learning foundational NOS and STSE 
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LOs important for scientific literacy are great. Teaching the foundational GLOs might take a lot 

of time, as accentuated in this teacher’s response and more so if taught independently, yet are 

critical to fostering student scientific literacy (MET, 2000; MEY 2003). Moreover, building 

GLOs and Cluster 0 SLOs directly into instruction independently, where vast numbers of unit 

SLOs are at the core might not be possible however, given the demands of time required to teach 

them. 

The general view participants expressed is that teaching all the LOs within a constrained 

time is a lofty task at any time (e.g., “Really, time is huge… I’d love to do them all but time is 

huge, a huge factor” (P1); “We just, we didn't have enough time to do what we normally would” 

(P4), but especially so for teachers new to the profession. For example, one participant with two 

years teaching experience said, “I would gloss over some, and do others in a lot more detail” 

(P3). However, other more experienced teachers had developed effective strategies to manage 

time demands, and the approaches of three teachers prior to the pandemic revealed significant 

confidence to adjust their curricula in the manner suggested by the standards document (MEY, 

2003). While the majority of teachers said they were unable to teach all four units during the 

pandemic, one teacher explained: “I taught all four clusters in Grade 9 and Grade 10 sort of 

equally while tying units to each other. Like in Grade 10, Ecosystems ties so much into Weather, 

Chemistry ties so much into Ecosystems… I think they’re all intermingled” (P7). This 

perspective might suggest an interdisciplinary approach of the four topical clusters similar to 

integrated STEM education (Wang et. al, 2020), where students work on real-world problems in 

the context of socially relevant complex situations of importance to their daily lives, that require 

knowledge and skills from multiple disciplines. I believe a creative teaching approach weaving 

critical connections between all four science topics in Grades 9 or 10 science could provide 
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compelling opportunity to advance student functional scientific literacy, while considerate of 

course time. Another teacher described a different method of grouping LOs to save time: 

I did [include all the LOs], but… it’s too overwhelming to do 20 outcomes for 

every unit. There’s no way you can do them all thoroughly so I would print out 

the outcomes, cut them all up and group them into big idea chunks…and I know 

if I was teaching to what the main theme is behind these, this set of five 

outcomes, then I was covering everything (P4). 

This approach allowed this teacher to develop a short list of critical or essential outcomes to 

construct their unit plan and learning activities. The approach would likely be useful when 

teaching courses with a large number of LOs, or when teaching a course for the first time. 

Another teacher also combined LOs, while extending their reasoning to include backward design 

with a greater purpose of scientific literacy for daily life: 

Sometimes because of time constraints, I would combine certain outcomes, so 

that I’m trying to do multiple things with an activity. I’m always in the mindset 

that learning has to have some sort of impact on their daily lives… so, I really 

like to start sometimes with the back end of those learning outcomes like how 

did this relate to your daily life in the kitchen; or doing meter readings and 

trying to figure out what they can do in their daily lives to conserve electrical 

consumption (P5). 

Following clear curricular direction that the clusters and SLOs are mandatory but the order in 

which they are addressed is not (MEY, 2003; MET, 2000) provided opportunity for these 

teachers to manage time and cover all SLOs within a unit and likely enhanced scientific literacy 

outcomes for their students. This is an approach I shared with my colleagues when teaching 
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Grades 9 and 10 science. This approach also suggests that teachers with more familiarity with the 

curriculum standards and those who approach their sequence and planning in a different way 

may be better positioned to respond to unexpected events. However, as most teachers taught 

fewer LOs in each unit as time constraints magnified during the pandemic, for those teaching 

SLOs consecutively this may have meant the elimination of the more complex SLOs listed at the 

end of the units—and consequent varied impacts for the scientific literacy of Manitoba students. 

Impacts on student learning associated with the varying array of constraints for teachers 

that included time, changed in sync with changing pandemic periods and modes of instruction. 

Although the loss of teacher-student contact teaching time was most pronounced during periods 

of remote teaching, one teacher offered a quantified perspective of time lost during BL: 

It was hard during the pandemic on their off days because they would seriously 

look at them as off days and so a lot of kids struggled, and teachers struggled. 

The contact time was cut in half, and we can’t cut the whole course in half, or 

else you’ll drown next year (P6). 

With instruction time extremely reduced throughout the pandemic and having a direct 

and substantial influence on what teachers chose to teach, some recognized their 

students might be left with gaps in their learning; and amongst this teacher’s priorities 

was a clear concern to teach prerequisite knowledge to prepare students for higher 

grades. Understandably, teacher priorities shifted for several reasons and in various 

ways during the pandemic; but my analysis of these interviews also suggests that 

constraints in time to teach content they prioritize in Grades 9 and 10 science led some 

teachers to subsequently adjust learning expectations for their students. 
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Adjusting Learning Expectations and Teaching Concrete LOs Over Complex LOs. 

The Grades 9 and 10 teachers described having little choice but to reduce their learning 

expectations for students during the pandemic, and as one explained, ensure that remote learning 

material was simple enough for students to understand and complete on their own: 

Doing remote… I had to pick an outcome that was lower level, because I would 

not be able to be in person to gauge the understanding of some of my weaker 

students. So, I had to keep all of the fairly basic ones [LOs]… can you list a 

name and categorize and things like that. I didn’t even keep compare and 

contrast or critical thinking outcomes towards the end of the unit.... It was very 

much like almost a correspondence course—can the kid do this completely, 

independently (P5). 

While reiterating time demands and confirming that complex SLOs at the end of units were lost, 

this teacher exposed other important realities accompanying remote instruction. These included a 

concern for more vulnerable students who might struggle to learn independently, and an inability 

to properly assess students to guide further instruction. Moreover, this teacher had little choice 

but to turn to LOs of lower cognitive value to student learning, while several others described 

making similar choices. These decisions are likely to have implications for students’ 

development of critical thinking skills and their scientific literacy. Scholars such as Murray 

(2014) contend that while most students will not become scientists, all students need to think 

critically to navigate science and technology in their lives, and claims made in the media. I think 

that learning how to list and categorize versus generating informed decisions on societal issues 

which other scholars deem compulsory for developing scientific literacy (Maia et al., 2021; 

Moura, 2025; Osborne & Pimentel, 2022), disadvantages students. Lost opportunities in these 
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foundational grades to develop scientific competencies at the higher end of Bloom’s Yet, these 

teachers made their decisions with the aim that students would learn some of the science SLOs, 

even if these SLOs lacked the scientific scope of others. 

Selecting the least cognitively demanding SLOs to teach during the pandemic allowed 

some teachers to capture student interest and participation during remote learning—which the 

Manitoba government had directed them to do (Manitoba News Release, March 31, 2020). One 

teacher commented on the impact of this approach: “With Weather, just because they were easier 

outcomes that they could think about and relate to a lot of things that are in the news… I focused 

mostly on the severe weather, mostly to try and grasp interest” (P9). It was noted that while the 

entire Weather Dynamics unit and LOs were of nil or lowest priority pre-pandemic, they had 

increased in priority for this teacher while teaching remotely. Selecting which topics and LOs to 

use to teach scientific concepts to students remotely was challenging for these teachers, and in 

some cases, likely limiting for students. Real-world issues like tornadoes, blizzards and 

hurricanes included in one SLO at the forefront of the Weather Dynamics unit, are unmistakably 

important and popular topics in the news and of interest to students. However, in my view, while 

teaching the science of severe weather over complex SLOs such as the final one in this unit: 

“Discuss potential consequences of climate change” (MET, 2000, p. 4.34), student opportunity to 

learn the relationship between severe weather and climate change was lost. 

While some teachers reduced the depth and breadth of their courses, other teachers 

continued to teach as much content and as many SLOs as possible during the pandemic. One 

teacher reflected: 

I think you lose the message when you have too much information and the kids 

would just get lost and overwhelmed. So, I think [if I could go back] I would 
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have started streamlining my lessons earlier, as to keeping it short and sweet and 

simple (P2). 

While considering their content-driven priorities during the pandemic, teachers like this one 

acknowledged difficulty adjusting instruction in response to students’ needs; and that their 

students would have benefitted from reduced expectations for cognitive achievement—a view 

that many had described incorporating into their practice. There is general consensus that higher 

order thinking skills and metacognition are achieved when Cluster 0 Overall Skills and Attitudes 

SLOs, such as: “Evaluate the reliability, bias and usefulness of information”; “Identify 

stakeholders and initiate research related to an STSE issue”; “Summarize relevant data and 

consolidate existing arguments and positions related to an STSE issue” (MET, 2000, pp. 3.10-

3.14) are taught (Allchin, 2014; Robertson, 2018). However, based on the interviews I conducted 

as well as the survey responses I gathered, these aspects were set aside by many teachers during 

the pandemic if they were considered unattainable or too difficult for students. As “thinking is 

intricately interwoven with the context of a problem to be solved” (Layton, 1991 p. 65), when 

authentic complex scientific problems for students to solve were dropped for less complex LOs, 

such as naming and categorizing, it seems very likely that learning was compromised. Many 

researchers contend that learning gains in science happen when students have opportunity to 

engage, explore, explain, elaborate, evaluate, elicit and extend their knowledge to solve complex 

problems as described in the BSCS 7E science learning cycle (Withers & Schinske, 2016)—and 

that they are essential to the development of critical thinking and functional scientific literacy 

(e.g., Suardana et al., 2018; Wang et al., 2020).   

As teachers lacked the experience and training necessary for effective remote science 

instruction and scholars noted that some teachers were not good at this form of instruction 
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(McKnight et al., 2022), I contend that although prioritizing more attainable LOs may have 

benefitted student engagement and allowed some science learning to occur, doing so does not 

support the vision of scientific literacy described in the Manitoba science curriculum standards 

(MET, 2000) or reported in the literature (Allchin, 2014; Calabrese Barton & Tan, 2014; 

Osborne & Pimentel, 2022).  

Preparing Students for Their Next Levels in Science, or for Life and Future 

Careers. While describing how their priorities for Grades 9 and 10 science had generally 

endured throughout the pandemic, most of the participant teachers aligned with one who 

revealed an important underscoring factor to these priorities: “I continue to try to focus on the 

same most important units as possible, to get through all those important outcomes that they 

would need for the future” (P10). The interview discourse concerning unit and LO priorities, 

both prior to and during the pandemic, frequently centered on the teacher’s concerns to teach 

prerequisites to prepare students for future study in high school or post-secondary education, and 

in some cases, for their lives and future careers. One teacher framed the priority on prerequisite 

learning for higher levels that was shared amongst the Grade 9 and 10 teachers: 

I always think, what are they going to be exposed to in future high school years? 

And if they do end up going to post-secondary, what are some things that 

they’re going to need for that level of learning, so during the pandemic we 

focused on physics, biology and chemistry (P3). 

The teachers reported overall, and with determined agency, that the three key sciences are 

important prerequisites to prepare students for the next levels in high school science. Examples 

of statements expressing this view include: “We prioritize chemistry for Grade 9 because it leads 

into Grade 10” (P6); “Many of the students may want to go on to take physics and go on to take 
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chemistry in Grade 11. It just makes more sense to do as much as we can with those, so they’re 

well prepared” (P5). While the teachers expressed concern for teaching their students important 

prerequisite knowledge for future grades—some expressed an awareness of successful entry 

knowledge from their perspective as teachers of higher grade levels. “Grades 9 and 10 set up the 

Grade 11 and 12 physics and chemistry… those outcomes are really important to have a solid 

background on, so I always make sure that we get through those ones in good detail” (P2).  

I can relate to these teachers’ perspectives from my teaching experience, as student 

conceptual understandings and skills learned from grade to grade, especially in high school 

chemistry courses follow a rather narrow continuum, relative to the other high school science 

disciplines. Grade 9 chemistry students for instance, learn about atomic structure and how 

elements are organized on the periodic table (MET, 2000); while Grade 10 students use the 

periodic table to learn why and how elements combine in specific ratios to form compounds 

(MEY, 2003). Grade 11 science teachers, including myself, know that students require this 

prerequisite knowledge to successfully learn progressively complex concepts and skills to 

understand chemical reactions, as expressed in their concern for student preparatory knowledge. 

As students develop holistically and cognitively, while creating meaning in chemistry through 

integrating and systematizing ideas as they reflect on prior knowledge (Petersen & Kolb, 2018), 

many science teachers aim to provide uninterrupted learning opportunities for their students 

while scaffolding instruction. As such, the Grade 9 and 10 teachers interviewed strongly 

prioritize teaching chemistry for its prerequisite value to continued chemistry learning, over 

other priorities, as this teacher explained: 

Definitely there would be different priorities. As a department we took a look… 

and we picked specific SLOs that were kind of non-negotiable, like foundational 
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for the Grade 9s or Grade 10s, especially in chemistry. We didn’t remove any 

from chemistry, physics or biology, we just prioritized… if all the classes didn’t 

get to the final outcomes [on the department list], it wouldn’t hinder the students 

moving to the next level (P5). 

Some teachers directed this conversation to one Grade 9 unit: “The unit that gets the least 

priority is Electricity, in that it doesn’t directly connect with the Grade 10 physics unit” (P3); 

“The Electricity unit…it’s a great unit, but has no connection to any unit in Grade 10 or Grade 

11 physics and the concepts don’t come up again until Grade 12 physics” (P4).  

While prerequisites were found to dominate teacher priorities when making decisions 

about what to teach their students, some teachers revealed a contrary view, that in at least some 

units, prioritizing the mathematics or scientific concepts, skills and attitudes to prepare students 

as scientifically literate citizens was more important. One teacher stated, “Electricity usually 

tends to be a very abridged unit… I focus more on the things that kids might be exposed to in 

future physics courses like the mathematics and current electricity, as well as life in general” 

(P10). This is a view that I share and which I think is supported in the literature. First, learning 

the mathematics in this unit allows students to identify mathematical relationships between 

variables, an important Cluster 0 SLO. In Grade 9 science, the relationships between voltage, 

current and resistance for example are learned through disciplined involvement in abstract 

reasoning and logic—a notable quality of the nine learning styles described by Petersen and Kolb 

(2018) and of importance to learning science. However, when asked how important it was to 

promote these concepts during the pandemic, such as defining voltage in Electricity, when none 

of the teachers discoursed about this explicit SLO demanding abstract mathematical logic, I 

inferred that few had taught it. Second, teaching students for “life in general” and for “coping 
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with everyday life, practices, and human needs” is a scripted purpose of foundation C in the 

curriculum (MET, 2000, p. 9), and from my experience, critical to engaging Grade 9 students in 

their learning. However, from my experience teaching high school sciences in Grades 9 through 

12, I hold a different perspective of this unit’s prerequisite value to learning science that aligns 

with Manitoba’s Grade 11 chemistry curriculum standards. In that course, the Grade 9 Nature of 

Electricity is highlighted as a chemistry-related content cluster, rather than a physics-related one 

(Manitoba Education, Citizenship and Youth, 2006, p. 1.15). Students learn about atomic 

structure and the behaviour of subatomic particles, particularly electrons in this unit. For this 

reason, I think that teaching the Electricity unit provides students with important prerequisite 

understandings to support their learning in the discipline most teachers consider their top 

priority: Chemistry. Thus, the reduced priority for teaching Electricity reported by many 

participating teachers for the purpose of teaching prerequisite concepts for continued learning in 

the three key sciences, might in fact counter their intent. 

The direction provided to Manitoba high school science teachers in the Grade 9 science 

curriculum standards document to “provide students with a proficiency in science that creates 

opportunities for them to pursue progressively higher levels of study [and] prepare them for 

science-related occupations” (MET, 2000, p. 2) is also relevant. Whether or not teachers heed 

this direction to guide their priorities and practice, all the teachers prioritize units and LOs in the 

three key sciences—chemistry, biology and physics, at all times—often with little or no priority 

placed on Exploring the Universe in Grade 9 or Weather Dynamics in Grade 10. While firmly 

established throughout the interviews that teachers teach the units and LOs they believe will best 

prepare students for the next levels in high school science, for post-secondary education, or for 

life and their future careers—they indeed provided opportunities for their students as directed by 



179 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

the curriculum standards. On the other hand, their robust prioritizing for the three key sciences 

might deny other learning opportunities for students or reduce the chances that they develop an 

awareness for vocations in the wide diversity of sciences (MEY, 2003). This is of potential 

importance to their development of functional scientific literacy, and to their lives.  

In Grade 10 science, all the teachers felt that course content priorities to prepare students 

for subsequent levels in science had resulted in the demoted value of the Weather unit. Examples 

of statements made expressing this view include: “In Grade 10 we naturally tend to sort of not 

teach Weather, and so that gives us more opportunities to really dive deep into the three other 

clusters that will be very important for their electives” (P2); “Weather has been at the bottom [of 

priorities] because I know that for higher level science courses, those kids need that stuff for 

moving on (P1)”; and “I don’t prioritize Grade 10 Weather as much, I guess because it doesn’t 

really have anything that comes after it… and I think the kids do have a lot more day-to-day 

access to some of that knowledge” (P10).While emphasizing student preparation for future 

learning as a dominant priority, in consideration of the dated science curriculum documents 

(MET, 2000; MEY, 2003) and widespread access to digital information, I think that the final 

point in the latter comment is valid. Increased access to some of the content taught in the Grade 

10 Weather unit LOs, such as weather forecasting and storm warning has dramatically changed 

since 2003, and many students now have immediate access to weather data on their cell phones. 

Thus, they can observe and interpret dynamic conditions and learn some of the course concepts 

independently if they are motivated to do so. Irrespective of opportunities for independent 

learning, the implications of teachers not teaching the fourth units in Grades 9 and 10 science to 

favour course content perceived more necessary as prerequisite knowledge for future learning, is 

likely significant. Furthermore, while “It was usually, the odd one out was the one that we never 
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really put much attention into, because they weren’t going to see it again” (P3), the pandemic 

exacerbated this situation: 

Astronomy wouldn’t be carried on [in Grade 9], and weather wouldn’t be carried 

on [in Grade 10], as a future prerequisite for any course. This had its 

disadvantages though, because we placed greater emphasis on prerequisites or 

things that are required for further study in either high school or even university, 

which kind of eliminated these units and some science in the news… or more 

practical applications of high school science that they could use throughout their 

everyday lives (P10). 

With a goal to prepare Grade 9 and 10 students for future courses, this teacher explained the 

perceived cost in their current course—specifically, one-quarter of their course content, relevant 

news-worthy science, and practical applications of potentially great significance to their 

students’ lives. The implications of lost opportunity to become scientifically versed in the 

Exploring the Universe or Weather Dynamics units before leaving high school are unknown. 

In addition to the elimination of entire units, as pandemic pressures and time constraints 

had increasing influence on teachers’ priorities, choosing prerequisites to prepare students for 

their next levels of learning also meant the omission of important LOs from their courses: 

Chemistry was a priority… we kept all the chemistry outcomes, well actually if 

any of them we maybe let go a bit of the real-world applications. Unfortunately, 

I kind of feel like we have to drop these to be able to get through the nitty-gritty 

pieces that we know as higher-level Bio and Chem teachers…is the stuff they’re 

going to need for after (P2). 
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Echoing the omission of real-world applications, another teacher added, “I might overlook the 

practical applications, or…just some history behind the topics or some of the scientists involved, 

just for the sake of covering the essential outcomes for moving forward” (P5). In making clear 

that the “nitty-gritty pieces” considered prerequisite outweighed priority for the foundational 

NOS or for critical real-world applications, teachers became misaligned with the curricular 

standards and vision for scientific literacy. SLOs with real-world applications in Grade 10 

chemistry for example, include the formation and environmental impact of various types of air 

pollution such as ground-level ozone, airborne particulates and smog; and investigations into 

technologies that are used to reduce emissions of potential air pollutants (MEY, 2003). These are 

globally significant SSI requiring classroom implementation and student evaluation (Johnson et 

al., 2020; Saunders & Rennie, 2011). When chemistry teachers chose to “overlook” teaching 

complex SLOs with real-world applications, students not only lose out on conceptual 

understanding of these SLOs, but of foundational GLOs and Cluster 0 Skills and Attitudes SLOs 

that often accompany these complex SLOs in higher number.  

Other teachers provided a contrary perspective however, prioritizing real-world 

applications from a different Grade 9 unit while also acknowledging its prerequisite value:  

In Grade 9, Reproduction is a real-life thing… pregnancy and those types of 

things are going to be the things that they deal with, so that’s a reason to 

prioritize these outcomes besides just the base layer for Grade 11 and 12 biology 

(P3). 

This teacher explained the need for foundational understandings important to future learning in 

biology, which from my view are rooted in the concepts of cell division and genetics taught in 

the Grade 9 course. Moreover, critical real-life applications like pregnancy were recognized, 
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which address unit-specific SLOs, GLOs and Cluster 0 SLOs that I see as vital to student 

acquisition of functional scientific literacy. In my experience teaching the Reproduction unit in 

Grade 9 science, while teaching LOs centering on human reproductive systems and fetal 

development were topics of great interest to students; discussions around pregnancy and 

childbirth, birth control, fertility, abortion, multiple births, birth defects, applications of 

biotechnologies such as in vitro fertilization (IVF), and discussions addressing current issues 

captured the interest and attention of most. I recall for example, many students’ fascination with 

a guest speaker from the College of Midwives of Manitoba who brought in a placenta donated by 

a new mother for students to observe and evaluate. The Manitoba science curricula indicate 

teachers should provide regular exposure to such experiences of intense involvement, which are 

optimal opportunities for students to engage in their learning (MET, 2000). Petersen and Kolb 

(2018) emphasize that learning is enhanced when students are “struck by the strangeness of 

something unusual, outside of [their] usual experience” (p. 228). Furthermore, when students 

have opportunity to create meaning through observation and reflection after a concrete 

experience like this, and to think abstractly, sensitively and responsibly, it may lead to a decision 

to act with consequent great significance in their lives. As such, when teachers prioritize concrete 

LOs or prerequisite LOs above more complex SLOs that engage students in learning contexts to 

confront issues such as fertility or abortion for instance, students are denied the chance to 

become equipped to address real-world scientific issues and to develop important scientific 

literacy attitudes and decision-making skills (Sadler, 2011). Furthermore, not only do they deny 

their students valuable opportunities to develop knowledge, skills and attitudes of value to their 

lives and careers—but potentially to others. The vision for SL within the Manitoba science 

curricula encourages pedagogy with an overall goal of “improving the quality of [student’s] own 



183 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

lives, and the lives of others” (MET, 2000, pp. 1-2), and “to inform and empower decision 

making of individuals, communities, and societies as a whole” (MEY, 2003, p. 7). Sjöström and 

Talanquer (2018) suggest science teachers should enable their students to make informed 

decisions and express their judgments, interpretations, and arguments through their personal 

voice in order to humanize science and equip them for action in societal issues—such as fertility 

or abortion, for instance. Empowered with functional scientific literacy, students might have 

opportunity to enact Hodson’s vision (1999) which parallels Pedretti and Nazir’s (2011), that 

science education should enable students to “fight for what is right, good and just” and “work to 

refashion society along more socially just lines” (p. 617). Significant opportunity for students to 

become functionally scientifically literate and transformative intellectuals capable of addressing 

complex social justice issues is written within science curricula (Morales-Doyle, 2017; Tolbert et 

al., 2016), and teachers have opportunity to serve as the vector.  

The realities of pandemic pressures teachers encountered however, restricted such 

opportunities, and teachers recognized unfolding impacts: “During the pandemic… we 

ultimately disadvantaged those [students] that didn’t want to continue with science” (P11); and, 

For some kids in Grade 11, this is really their first real year of high school, 

they’re super excited… they’re really buying into what we’re doing, because 

they recognize, even from last year that they were behind. And they wanted to 

make sure that they left with what they needed. At least my top kids for sure, in 

chem (P9). 

While exposing an equivalent awareness amongst their chemistry students that the pandemic had 

impacted their learning, this teacher also intimated that some academically invested students 

equally value prerequisite knowledge for future science learning. But, as scholars like Murray 
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(2014) contend that most students will not become scientists; and an underscoring aim of the 

Manitoba senior years curricula is “to develop functional scientific literacy in all Canadian 

students” (MET, 2021), the comments of participants in this study suggest that some students 

were indeed disadvantaged by learning opportunities missed when prerequisite content was 

prioritized. 

Difficulties Teaching Some Unit SLOs, GLOs and Cluster 0 SLOs with Restrictions 

in Place. Joining other factors influencing the content prioritized and taught by teachers during 

the pandemic, was the constitution of the LOs themselves. Teachers were unable to teach some 

of the SLOs, GLOs, and Cluster 0 SLOs in the Grades 9 and 10 courses when pandemic 

restrictions limited student practical work and opportunities for students to collaborate. When 

asked if their LO priorities had changed during the pandemic, one teacher was also reminded of 

the intensity of the situation triggering these decisions:  

Oh yeah, definitely. I definitely focused on the SLOs versus Cluster 0. On a 

screen, I couldn’t even get kids to ask questions, let alone discuss anything, and 

pertaining to all the hands-on stuff… I took a lot of that out because it wasn’t 

practical, or in some cases, safe. Oh my gosh…I can’t believe how terrible that 

was! (P1). 

While reflecting on their professional experiences and emphasizing their LO priorities, this 

teacher encapsulated what had changed during the pandemic: Engaging science students without 

practical or collaborative learning opportunities wasn’t possible. Others echoed this priority for 

teaching the SLOs, which was often at the cost of maintaining rigour, and teaching foundational 

GLOs: “That was the whole driving force, it was concepts first, SLOs, and not the overall 

general ones. I think it would be too difficult to teach those” (P5). Overall, as teachers continued 
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to teach the LOs they deemed most important, or the ones they deemed possible to teach, their 

central focus on unit SLOs in the three key sciences was maintained; while their focus on GLOs 

and Cluster 0 SLOs already of secondary importance before COVID-19, was further reduced. 

One teacher indicated: “Obviously some [LOs] get more attention, more hands-on 

opportunities” (P4), and as teachers planned and implemented science lessons prior to the 

pandemic, cluster SLOs of a practical nature largely dominated their agenda. But during the 

pandemic when unable to teach many of these SLOs in meaningful ways without student 

practical or collaborative work, some were de-emphasized or omitted. A large number of the 67 

SLOs in the four Grade 9 science clusters, and 43 SLOs in the four Grade 10 clusters direct 

students to “investigate”, such as “investigate conditions that illustrate the effects of friction on 

motion”; “observe” and “collect” as in “observe, collect and analyze class data of single trait 

inheritance”; “construct” as in “construct electric circuits using schematic diagrams”; 

“experiment” as in “experiment to classify acids and bases using their characteristic properties,” 

or “use” as in “use appropriate instruments and units to measure voltage (electrical potential 

difference), current and resistance (MET, 2000, pp. 1.1-4.33; MEY, 2003, pp. 1.2-4.34). 

Participating teachers said they struggled to find ways to teach SLOs like these with pandemic 

restrictions in place. In contrast, cluster SLOs directing students to “define” and “identify” as in 

“define element and identify symbols of some common elements”; “describe” as in “describe 

qualitatively how force is related to motion”; “explain” as in “explain how various technologies 

have extended our ability to explore and understand space”; “differentiate” as in “differentiate 

between units of measure used for astronomical distances, and perform simple calculations using 

these units”; “compare and contrast” as in “compare and contrast the function of mitosis to that 

of meiosis”; “outline” as in “outline factors influencing the Earth’s radiation budget”; “write” as 
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in “write formulas and names of binary ionic compounds”; “interpret” as in “interpret graphs of 

population dynamics”; “analyze” as in “analyze the electrical energy consumption of an electric 

appliance”; and “discuss” as in “discuss potential consequences of climate change” (MET, 2000, 

pp. 1.1-4.33; MEY, 2003, pp. 1.2-4.34) were more viable, largely unhindered SLOs and teachers 

turned their priorities to teaching them during the pandemic. Curricular direction for teaching the 

equally mandatory cluster-specific SLOs presents great flexibility for teachers to reorganize the 

SLOs into new groupings and order, and to plan instruction based on student needs, individual 

contexts, learning resources and other pertinent considerations (MET, 2000). Without debate, 

Manitoba teachers had never faced greater need to adopt such flexibility, yet without liberty to 

omit mandatory SLOs, teachers did because practical work wasn’t possible. One teacher 

responded, “The only thing that ended up getting cut…would be more of the labs and the hands-

on stuff” (P6). However, “the only thing” meant 16 of 67 Grade 9 SLOs and 11 of 43 Grade 10 

SLOs were cut, which unequivocally demand practical work to achieve (MET, 2000, pp. 1.1-

4.33; MEY, 2003, pp. 1.1-4.36) and are essential for developing conceptual and procedural 

knowledge. Moreover, these SLOs that ended up getting cut are linked to multiple GLOs which 

provide the depth and breadth for developing scientific literacy; and to many Cluster 0 SLOs that 

broaden the importance of scientific skills and attitudes and NOS processes necessary for 

students to become scientifically literate (MET, 2000; MEY, 2003). 

Although the GLOs and Cluster 0 SLOs are of integral importance to the development of 

scientific literacy (MET, 2000; MEY, 2003), when asked about their overall LO priorities during 

the pandemic, the teachers interviewed centered their response around the cluster SLOs and 

science content. Some teachers pondered carefully over the relative importance of teaching the 
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three groups of LOs during the pandemic, and one teacher converged their thoughts to reveal 

how overwhelming it was to teach all of them: 

When it came to a lot of GLOs, some of them weren’t easily done, or done at all. 

We were struggling to keep our heads above water, so never mind trying to 

explore some of these things…keep the kids moving forward with the outcomes 

that were regular SLOs versus the Cluster 0… some of them were just 

impossible, for me anyway (P2). 

Teaching some of the GLOs in Grade 9 and 10 science without practical work just isn’t possible. 

For instance, two GLOs from foundation C of the five foundations, A-E, state: “Students will 

demonstrate appropriate problem-solving skills when seeking solutions to technological 

challenges”; and “work cooperatively and value the ideas and contributions of others while 

carrying out scientific and technological activities” (MEY, 2003, p. 12). These LOs elucidate 

that students are required to do practical work and collaborate with other students to develop 

important skills to accompany their conceptual knowledge. Further, to assess student procedural 

knowledge, Manitoba science teachers are directed to observe students in action (MET, 2000, p. 

42)—affirming the need for student participation to acquire, and to demonstrate this practical 

knowledge. Yet, the most notable shift in LO priorities during the pandemic were the result of 

restrictions to practical and collaborative group work opportunities for students, despite the 

importance of achieving these LOs. While reflecting on the difficulties of teaching the GLOs and 

Cluster 0 SLOs without practical work, another teacher compared the relative importance of LOs 

temporally, claiming, “Before the pandemic the GLOs were just as important as the SLOs. Now 

I’m finding the GLOs have taken a bit of a back seat” (P4). Considerate of the enormous 

challenges while teaching Grades 9 and 10 science through pandemic restrictions, it is still 
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concerning that some teachers felt no choice but to assign LOs that are foundational, a demoted 

rank in their practice. One teacher described the value for GLOs in their teaching during the 

pandemic: 

The GLOs are the connections between all four of the main units that we do, so 

hugely important. It’s so easy as a teacher to focus on the SLOs, but you can’t 

forget that the GLOs are there as well, and that they need to be embraced in 

every single unit. All four of them (P5).  

While capturing the importance of the GLOs and suggesting a perspective that the 

foundational GLOs are critical LOs for learning science, surprisingly, the teachers did not 

mention NOS or STSE or their value to SSI and student functional scientific literacy. GLOs 

found in these first two curricular foundations, A and B, provide great depth and breadth for 

teaching the authentic nature of science and technology, and for applications to the 21st century 

scientific problems that society, and students will face. For example, GLOs in NOS include: 

“Recognize that scientific knowledge is based on evidence, models, and explanations and 

evolves as new evidence appears and new conceptualizations develop” and “Identify and 

appreciate contributions made by women and men from many societies and cultural backgrounds 

that have increased our understanding of the world and brought about technological innovations; 

and GLOs in STSE include “Recognize that scientific and technological endeavors have been 

and continue to be influenced by human needs and the societal context of the time” and “Identify 

and demonstrate actions that promote a sustainable environment, society, and economy, both 

locally and globally “(MET, 2000, pp. 5-9; MEY, 2003, pp. 5-9). These foundational GLOs are 

linked with SLOs found in the Grade 9 and 10 clusters, and teachers’ intentional efforts to teach 

them are required. In agreement with Leung et al. (2020) however, I inferred from the data that a 
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limited understanding of the relationship between SSI, NOS and content knowledge might 

underscore the lack of priority for SSI teaching, important to developing scientific literacy.  

Recently, scholars have reiterated that these elements and their relationship are integral to 

science education. First, Moura (2025) describes key elements of NOS that should be explicitly 

taught in school science, one which I consider critical for Grades 9 and 10 students—that 

scientists work within a sociocultural milieu that is both messy and tentative. Science is 

culturally and socially embedded (Hodson, 2014; Allchin, 2014; Erduran et al., 2012) and Moura 

suggests science teachers bear the responsibility to teach their students about NOS and science-

society dynamics, to help students develop critical understandings of how the media and politics 

can use science to shape lives and impact societies. Second, while Osborne and Pimentel (2022) 

contend that existing curricular standards and formal science education cannot provide students 

with all the science knowledge that is needed to become “competent outsiders”, to evaluate SSI 

relevant to their current lives, or to evaluate SSI with science that is yet to come; I believe 

teachers can better equip their students with foundational skills and knowledge to do so when 

they select and teach the GLOs through relevant SSI content. One teacher explained how their 

shift in LO priorities took this turn, “The pandemic served real-time science discussion, for 

example mRNA and vaccines and current real-life societal issues… I would say decision-making 

skills, life skills and attitudes became priority” (P6). With media coverage of COVID-19 and 

global pandemic politics dominating lives and conversations worldwide, in my view authentic 

NOS and SSI instruction should have arguably been at the forefront of science education 

throughout this period.  

 With foundational GLOs at the forefront of scientific literacy development, teachers are 

expected to underpin instruction in all four clusters and guide all learning activities, practical or 
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otherwise with LOs from these five foundations (MET, 2000; MEY, 2003). Yet, during the 

pandemic although some considered the value of GLOs in their practice, most did not—and most 

did not teach the GLOs in all four units because most could not teach all four units. In my 

perspective, valuable opportunities to teach some GLOs such as ongoing societal and cultural 

contributions to technological advancements of a global scale might best be found in Exploring 

the Universe in Grade 9—given international participation in the construction, maintenance and 

operation of the International Space Station (ISS), and James Webb Space Telescope for 

example. While in Grade 10, valuable opportunities for students to demonstrate actions that 

promote a global sustainable environment might best be learned through personal and local 

efforts associated with pressing SSI such as climate change taught in the Weather Dynamics unit. 

However, as most teachers in this study indicated that they place little or no priority on teaching 

these units, the impacts on overall student development of scientific literacy in these grades are 

likely to be significant—and perhaps more so during the pandemic if GLOs were not held in 

priority. One teacher considered the potential impacts, stating: “I think in terms of the GLOs 

during the pandemic, I think the students have lost a lot” (P5). I would say they also lost out 

when it came to the Cluster 0 SLOs. 

Despite explicit direction in the curricula to integrate the Cluster 0 Skills and Attitudes 

SLOs into each of the four clusters (MET, 2000), most teachers in this study generally assigned 

low priority to teaching them. When asked if their LO priorities include the Cluster 0 SLOs, two 

teachers’ responses seemed to indicate a vague awareness of this cluster: “That’s it, Cluster 0, 

that’s the term I was looking for” (P6); and “I would say I’ve got to be honest, I’m not fully 

familiar with the Cluster 0” (P4). I considered that perhaps a lack of awareness, or discomfort 

with a lack of awareness helped explain how Cluster 0 SLOs were quickly dismissed during 
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interview discourse, and of low priority for some teachers. In my experience teaching Grades 9 

and 10 sciences, Cluster 0 Skills and Attitudes SLOs are commonly considered peripheral—if 

considered, while unit SLOs are usually of foremost priority for teachers. Of potential relevance 

to the priority, or lack thereof, that teachers place on teaching Cluster 0 SLOs; when I was a 

member of the Manitoba Grade 11 Biology curriculum development team, I do not recall any 

dialogue associated with Cluster 0 SLOs, or GLOs in our meetings—only unit SLOs. Despite 

holding priority placement and importance over the unit SLOs, the foundational GLOs and 

Cluster 0 Skills and Attitudes SLOs are distinctly separated from the rest of the science 

curriculum standards documents in their layout. This might lead teachers to bypass both of these 

elements as they search for content SLOs to teach within the four clusters. Furthermore, 

identifying critical SLOs as Cluster “0” might fail to suggest importance, as do page numbers 

appearing as ‘unworthy fractions of a page’: as 0.3 for example (MET, 2000, p. 0.3; MEY, 2003, 

p. 0.3).  

While some teachers expressed a generally limited awareness of Cluster 0, others seemed 

to see the SLOs in this cluster as lacking substance to teach directly, or that they might be 

learned through instruction of unit SLOs. One teacher expressing this general view offered: 

It’s certainly nothing I ever blatantly say, like hey we’re going to learn the 

Cluster 0 curriculum kind of thing, um, it’s just part of my practice. I just try to 

embody it and represent it and model it for the kids, and hopefully they pick up 

on a portion of that (P2). 

As the Cluster 0 Overall Skills and Attitudes SLOs emphasize the importance of scientific skills 

and attitudes to learning science, and the essential processes and NOS that students require to 

develop functional scientific literacy (MET, 2000; MEY, 2003), if teachers don’t decisively 
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teach these LOs and “hope” their students will pick them up, it seems highly likely that learning 

is compromised. 

  Some teachers acknowledged Cluster 0’s presence in their usual teaching however, 

stating: “Absolutely. Cluster 0…if you’re doing inquiry and experimentation, all of those Cluster 

0 pieces come up” (P11); “Lots of my colleagues don’t place any emphasis on the scientific 

method or lab safety, and I add that in” (P9); and: 

Prior to the pandemic I had my kids doing labs, or…  investigations working 

with materials. I like to do a lot of those soft skills, those Cluster 0: Do you 

know how to handle equipment? Do you know how to be safe? Do you know 

how to ask questions? Do you know how to work apparatus? (P1). 

While some of the teachers expressed their awareness of lab skills and safety included in Cluster 

0, others had a vague awareness of Cluster 0 and the 48 SLOs in the cluster. I worry that if 

teachers maintain a vague awareness of their complexity, translating the critical concepts in these 

SLOs into effective instruction might be problematic. While teachers indicated they did not pay 

much attention to these LOs prior to the pandemic, they explained that their pandemic struggles 

exacerbated this situation.  

During the pandemic, teachers omitted specific Cluster 0 SLOs because they were 

associated with practical activities and organized labs that students could not do, explaining: 

“Within Cluster 0 with the hands-on stuff I just skipped a lot of that so I wasn’t dangling a carrot 

there without a reward at the end” (P5); and: 

They definitely decreased in value because we couldn’t do some of it... I’m not 

going to go into a ton of detail on equipment skills and lab safety when you 
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can’t work in a lab, right? It didn’t make a whole lot of sense and I felt like that 

was going to be a bit of a tease for them (P1). 

Restrictions to practical learning halted teachers from doing any introductory skill-building lab 

work found in the Cluster 0 SLOs that might be required for students to safely and proficiently 

participate in successive practical work. This closed the door for teaching other LOs important to 

promoting scientific literacy, including other Cluster 0 SLOs such as “Identify further problems 

and questions arising from an investigation” (MET, 2000, p. 3.12).  

Among the nine groups of Cluster 0 SLOs totaling 48 skills and attitudes SLOs in Grades 

9 and 10 science, many require authentic practical work to achieve, including SLOs such as: 

“carry out procedures that comprise a fair test”; and “work co-operatively with group members 

to carry out a plan, and troubleshoot problems as they arise” (MET, 2000, pp. 3.10-3.14). 

Attitude-based Cluster 0 SLOs such as: “Demonstrate work habits that ensure personal safety, 

the safety of others, as well as consideration for the environment”, and “demonstrate confidence 

in the ability to carry out investigations in science and to address STSE issues” (pp. 3.10-3.14) 

also require practical work to achieve. Understandably, when unable to utilize practical work to 

teach science during the pandemic, SLOs like these were not taught. However, many other 

Cluster 0 SLOs that are attainable without practical work include: “Propose questions to be 

tested experimentally”; “state a testable hypothesis or prediction based on background data or on 

observed events”; “determine criteria for the evaluation of an STSE decision”; “interpret relevant 

WHMIS regulations”; “select the best option and determine a course of action to implement an 

STSE”; “discuss social, economic, and environmental effects of past and present scientific and 

technological endeavors”; “appreciate and respect that science and technology have evolved 

from different views, held by women and men from a variety of societies and cultural 



194 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

backgrounds”; and “express interest in a broad scope of science- and technology-related fields 

and issues”. Yet, the teachers interviewed indicated they did not prioritize the Cluster 0 SLOs in 

their teaching during the pandemic. 

During the dialogue with teachers regarding the Cluster 0 SLOs, it was interesting to note 

they did not make reference to NOS or STSE skills and attitudes, or decision-making. As 

scholars like Allchin (2014) report the importance of NOS to support functional scientific 

literacy is recognized internationally; and Shanahan and Bechtel (2019) contend that engaging 

students in STSE conversations allows them to develop a context while learning science that they 

propose can be life changing, I see teaching Cluster 0 SLOs aligned with NOS and STSE for 

student scientific literacy as very important.  

Overall, the 28 GLOs and 48 Cluster 0 SLOs (MET, 2000; MEY, 2003) guiding Grades 9 

and 10 teachers embrace an extensive amount of scientific conceptual knowledge, skills and 

attitudes. If these are not taught with purpose or assessed, impacts on student scientific literacy 

are likely to result (MET, 2000; MEY, 2003). Teachers acknowledged potential impacts on 

student development of procedural knowledge, skills, and associated conceptual understandings 

when unable to teach science with practical work during the pandemic. With the loss of practical 

work, scientific and technological attitudes were difficult to foster or to assess during periods of 

remote learning and when teachers could not observe their students participating in co-operative 

learning activities or discussion (MEY, 2003). Without such opportunities to appropriately assess 

students, whether or not Grades 9 and 10 students acquired important scientific attitudes found in 

many of the Cluster 0 SLOs during the pandemic is largely unknown. I concur with one teacher’s 

perspective that “The broader GLOs and scientific attitudes and skills [Cluster 0] are really what 

encapsulate the love of science, and being able to apply those elsewhere” (P5), but with 
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restrictions to practical learning in place during the pandemic, most of the teachers were unable 

to facilitate opportunities to teach these LOs. While the teachers revealed an overall priority for 

unit SLOs both prior to and during the pandemic; most indicated greater awareness and priority 

for GLOs in their usual practice over Cluster 0 SLOs. The pandemic seems to have had a 

variable influence on the former and may have had a dire impact on the latter. Overall, with 

comprehensive development of scientific literacy competencies dependent upon all of the 

curricular LOs being taught in each grade, the teachers revealed this was even less possible 

during the pandemic than it was before it began. Consequential impacts for student scientific 

literacy were expected, which likely differed considerably for students across the province.  

School or Team Decisions about Curricula, Instruction and Common Exams. The 

interview data suggest that Manitoba teachers have variable autonomy over what they teach in 

Grades 9 and 10 science at any time. Some participants explained that direction from their 

administration and teaching teams limited their freedom to operationalize their unit and LO 

priorities: “I have to focus on what is going to be on our common exam” (P3). The arrival of the 

pandemic, according to another, brought common exams and greater administrative control over 

what they could teach: “With common exams now we all have to do very specific things” (P5). 

An overall approach in another school made it clear that while some teachers’ priorities were 

firmly set within school course structures which included common exams, individual teachers 

like this one still had some flexibility to set teaching priorities: “We have a common exam at our 

school, so [in Grade 9] everybody does Atoms and Elements, and everybody does Reproduction, 

and then most will do some Electricity” (P6). It also became clear that administrative or team 

decisions, particularly during the pandemic, might override those of individual teachers, and 

limit some from teaching all four clusters, or all the SLOs in the Grades 9 or 10 science courses 
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in schools where common exams are given. Another teacher explained, “We have a common 

exam in Grade 10, so we all have to do Chemistry, In Motion, and some ecology” (P1). While 

noting a complete disregard of the fourth unit in Grade 10, Weather Dynamics, these interviews 

suggest that school and team priorities to implement common exams often override the priorities 

of individual Grades 9 and 10 teachers, and may impact their ability to teach their students the 

entirety of the curriculum standards (MET, 2000; MEY, 2003).  

Safety Issues for Students and Staff. With health and safety of students and staff of 

foremost priority in Manitoba schools throughout the COVID-19 pandemic, teachers 

experienced a dramatic shift in their usual practices to meet crucial health and safety protocols as 

directed by their school divisions. Although these Grades 9 and 10 teachers attempted to 

maintain unit and LO priorities in place pre-pandemic, general pandemic protocols such as social 

distancing, sanitizing, and wearing masks impacted their usual content priorities for SLOs 

promoting collaborative student work; and SLOs best taught through laboratory or hands-on 

practical work. School divisions, schools and teachers set different operational guidelines during 

the pandemic in conjunction with other priorities. This was something that I experienced and that 

one of the participating teachers explained:  

The administration prioritized having the science labs available for Grade 12 

students…so that anyone who was going on to university would still get to do 

hands-on stuff. So, if I wanted to do anything with my Grade 9s or 10s, I would 

have to transport everything to a different area of the school. There were also 

some safety concerns as far as using chemicals and whatnot, and I was not 

comfortable without being in the lab, without the proper precautionary 

equipment (P3). 
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Complicated changes within schools brought increased difficulty for teachers as they were 

required to adapt their teaching spaces along with their pedagogy, safely—and participating 

teachers explained that valuable learning opportunities to foster scientific literacy competencies 

were consequently cut. One teacher stated, “I had to replace labs… but that was due to the 

limitations of the equipment itself, and class size, like in the class space itself” (P10), referring to 

the limitations of physical space afforded each student while physical distancing was enforced. 

Other teachers explained: “With desks six feet apart, plexiglass partitions and students wearing 

masks, labs turned into discussions” (P2); “Anything that might have been partners or group 

work or anything like that I had to take out because for so much of the time it was two-meter 

distancing” (P5). Many GLOs, SLOs and Cluster 0 SLOs requiring student co-operative work 

were limited by pandemic safety restrictions, and teachers did their best to adjust learning 

activities creatively, resourcefully, and safely. One teacher determined to have students do some 

form of practical work to learn concepts in the Grade 10 In Motion unit described: 

We were going to do something on velocity, normally we have a ramp… but I 

had to come up with something else. I found these little cars in the back… they 

can experiment with these and test their velocity… they were able to work on 

that safely in the hallway space allowed (P3). 

Although teachers adapted whenever possible to provide safe learning spaces and experiences for 

their students, practical learning activities best suited to teach many Grades 9 and 10 LOs were 

unavailable. Furthermore, one teacher added: 

During the pandemic, how do you spread out all these supplies for kids? I didn’t 

have enough for them… so there were times you would maybe have half the 

class do like a hands-on kind of thing, and then wipe everything down, and then 
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two days later the other half could do it. But it became problematic. If kids were 

absent, it just became a real hassle, so I guess [practical activities were utilized] 

very, very infrequently during the pandemic (P1). 

With safety their top priority, attempts to implement any form of practical work to learn science 

were time consuming and fraught with other issues as this teacher pointed out, and consequently 

seldom used. 

As these Grade 9 and 10 teachers adjusted what they taught and how they taught science 

during the pandemic while observing school safety agendas and guidelines, while collaborative 

and practical learning activities were restricted, these teachers were unable to teach many 

important concepts, skills and attitudes vital to student scientific literacy development in these 

grades. Yet, in consideration of the aim for students to develop Overall Skills and Attitudes 

including: “Demonstrate work habits that ensure personal safety, the safety of others, as well as 

consideration for the environment”; and “Discuss safety procedures to follow given situations”; 

although through different contexts than intended by the curricula (e.g. acid and base spills)— 

safety habits and procedures learned to protect students and staff from the immediate and 

authentic threat of the SARS-CoV-2 virus throughout a two-year period likely superseded other 

avenues to teach these Cluster 0 SLOs. 

Curriculum. As the Manitoba science curriculum documents provide the scientific and 

technological concepts, skills and attitudes for teaching Grades 9 and 10 science, they would be 

expected to be of foremost value, and influence on teacher priorities. However, teachers’ 

comments regarding a perceived lack of curricular support to effectively promote a form of 

functional scientific literacy in line with the challenges of the 21st century as envisaged by 

scholars like Valladares (2021), where “students seek the best-informed solutions to complex 
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social, cultural, political and environmental issues” (p. 566) surfaced. The world is changing so 

quickly, and science educators need the best foundational tools to teach their students. As such, 

the participants shared their perspective on how perceived deficits in the Manitoba science 

curriculum documents affect what they teach their students. 

Individual interpretations of the science curriculum documents significantly influenced 

some of the participating teachers’ practice.  According to this teacher:  

The curriculums need to be updated. I think they're from the seventies, they're 

very outdated. They need an overhaul with what the focus should be… there was 

absolutely no way to get through it… it's really hard to provide any sort of 

hands-on experiential  opportunity… and cover everything (P1). 

Although the Grades 9 and 10 documents were published in 2000 and 2003 and not in the 1970s, 

all of the teachers I interviewed noted that updating is required. One teacher pointed out, “I still 

cover a lot of outcomes, but the curriculum is super dated… it’s so old” (P3), explaining 

difficulties with interpreting SLOs with outdated language and sociocultural views, but moreover 

that outdated links and lack of resources to craft suitable learning activities are a concern. 

Another teacher with many years of experience teaching Grades 9 and 10 science and school 

administrator experience added: “Our curriculum documents for Grades 9 and 10 are so old and 

out of date, and out of touch with practices… as a result, anybody new would have struggled 

with some of that for sure” (P2). While experienced teachers are poised to bring long-term 

understandings of their curriculum into their evolving practice, I share the perspective that newer 

teachers might be in a particularly difficult position to navigate the large clusters and extensive 

lists of LOs described in dated curricula. This may have been problematic for teachers new to 

Grades 9 and 10 science instruction during the pandemic. Additionally, all the teachers 
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interviewed emphatically shared this teacher’s perspective that the Grade 9 science curriculum 

document (MET, 2000) and Grade 10 science curriculum document (MEY, 2003) are out of 

touch with practices and require critical updates. I agree, and from my recent experience as a 

practicum advisor and as a university instructor working with teacher candidates, I also observed 

that pre-service teachers struggle with direction provided in the “Notes for Instruction and 

Student Learning Activities” sections of the curriculum standards documents developed more 

than two decades ago—prior to the extensive accessibility of the Internet as a transformative 

teaching tool and resource. I think that other updates to descriptive context, such as “Students 

may have familiarity with the potential consequences of climate change” (MEY, 2003, p. 4.32); 

to language, such as “word processing” (MET, 2000, p. 1.38); and to examples and references to 

enhance the overall value for science learning would additionally benefit all 21st century 

teachers and students. Many teacher candidates I have worked with described a general 

awareness that neighbouring provinces had more recent updates to their science curricula and 

questioned when new curricula might be expected in Manitoba, while they invested deeply into 

learning how to teach science content they might eventually be teaching. Furthermore, and of 

great significance to this study, when Grades 9 and 10 general science teachers needed 

immediate access to science education websites and online learning activities in March 2020 to 

teach the four clusters and their LOs remotely, these resources could not be found in the 

curriculum standards documents.  

The teachers I interviewed also expressed the view that the science curricula require 

revision with consideration to student learning modes and styles and the inclusion of important 

LOs designed to promote critical thinking to advance student scientific literacy in the 21st 

century. One articulated: 
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I started teaching Grade 9 science in 2000, and that's when the curriculum was 

updated. So, we are in dire need of an updated curriculum, but an applicable 

update to curriculum, I think, is important, considering the type of learners that 

we have now. But I still think that it's important to have GLOs and SLOs that 

promote scientific literacy…we want to have literate and capable students, and 

not just that they know things, but they know how to apply things and can make 

connections, and they are critical thinkers with soft skills as well. That's really 

important (P5). 

I see this teacher’s view of effective curriculum as capturing all elements of functional scientific 

literacy as described in the scholarship (e.g., Lederman et al., 2014; Maia et al., 2021; Natale et 

al., 2021). Their comment is telltale to the direction teachers require for what and how to teach, 

in order to collectively incorporate relevant SSI and agendas of today’s world into science 

instruction with consideration of students’ diverse learning modes and styles. In further 

consideration of students’ best interests, one teacher suggested an extreme overhaul to the 

Grades 9 and 10 curricula: 

The curriculum documents need to be revised, rebuilt entirely from scratch. Just 

reducing the overall expectations would be, I think, of much more benefit to 

students, especially if we're trying to reframe school in the sense that we're 

preparing them for adult life, as opposed to preparing them for post-secondary 

education (P10). 

This teacher’s view that science education should prepare students with scientific concepts, skills 

and attitudes for life versus higher levels of science education, aligns with the view of some 

scholars (e.g., Maia et al., 2021; Erduran et al., 2012), and with the Manitoba curricular 
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framework (MET, 2021). Further, while revealing their belief about what is most important for 

Grade 9 and 10 science learners, this teacher’s suggestion that the curricular expectations are 

perhaps too great was voiced by most, and summed up by another teacher who stated, “I've 

reduced my [curricular] expectations of students during the pandemic, and they would be 

overwhelmed if I didn’t” (P9). While acknowledging the need to adjust their curricular content 

and approach throughout the pandemic learning environment, the overall perspective provided 

by the teachers was that the dated curricular documents were not as helpful to them during the 

pandemic as they should have been and this significantly impacted what they taught their 

students. 

In summary, the curricular units and LOs Manitoba Grades 9 and 10 science teachers 

prioritize changed in response to a number of factors that influenced their practice throughout the 

COVID-19 pandemic. Although remaining grounded in their best efforts to care professionally 

for their students and to advance scientific literacy, these teachers described their experience 

teaching the curricular LOs without the practical work they value as essential, as a challenging 

ordeal. In the next section, I explore this theme and provide evidence from the interview data.  

Theme Four: Practical learning experiences were valued by these teachers to advance student 

scientific literacy—and teaching Grades 9 and 10 science without them during the COVID-19 

pandemic was exceptionally challenging. 

Most of the teachers replied passionately when asked about the value of practical work 

for teaching Grades 9 and 10 science with remarks like, “Huge! The most important piece of it 

all, I think” (P1), aligning with science education scholars who stress that hands-on practical 

experiences are a required part of instructional activities in science (e.g., Adedoyin & Soykan, 

2020). Further, as developing scientific literacy demands practical and transferable skills and 
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scientific attitudes acquired in a well-structured and intellectually stimulating lab program (Kyne 

& Thompson, 2020) and are crucial for students to develop their scientific identity (Campbell et 

al., 2020); these science teachers valued opportunities to implement practical learning for their 

Grades 9 and 10 students whenever possible. Research reporting the importance of practical 

work to develop conceptual understandings in science; to develop scientific procedural skills and 

attitudes; to augment collaborative and metacognitive skills; and to build student confidence 

through frequent applications to real-world scenarios dominate the science education literature 

on practical learning and are vital to analyzing this research. During the interviews with these 

teachers, I appreciated the value in the practical activities they implemented, which helped me to 

draw a more precise picture of how pedagogy in these courses changed during the pandemic, and 

the impacts that restrictions to practical work had on student development of scientific literacy. 

The participant teachers were clear that although teaching practices and priorities changed during 

COVID-19, the value they place on practical work for teaching students in Grades 9 and 10 

science did not. 

The teachers divulged their deep-rooted values for practical activities to teach science 

through routine use of these activities in their Grades 9 and 10 practice, and from my perspective 

it is difficult to conceive of ways that students might learn science without them. When asked 

how often they engaged Grade 9 and 10 students in practical work before the pandemic, the 

teachers replied: “Pretty often… I’m not going to say daily, but probably two to three times a 

week the kids are doing something like practical group work… or a lab” (P8); “Probably a 

couple of times a week, I was a pretty hands-on person to begin with” (P6); and 

I try to at least do some form of physical hands-on activity at least once a week, 

if not twice, as an opportunity for them to first off, get out of their seats and do 
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something, but also to embrace the laboratory science aspect of science itself 

(P4).  

All the teachers agreed upon the importance of regular opportunity to for students to engage in 

practical work. I see this as reflecting Dewey’s perspective noted earlier, that “understanding by 

its very nature, is related to action” (Layton, 1991, p. 43), and supported by 5E and 7E science 

learning models. These teachers value practical work for students to develop science 

understanding in association with the broad range of curricular LOs; and take direction from 

their curriculum documents which suggest students should learn science through concrete and 

contextual learning processes that include scientific inquiry, technological problem solving, and 

decision making (MET, 2000; MEY, 2003).  

Some teachers qualified their quantitative answers and explained their reasoning behind 

how often they engaged students in practical work; others identified the importance of practical 

work for teaching specific clusters; and some provided detailed examples of practical work 

employed in their regular instruction of Grades 9 and 10 science. Although some teachers said 

they had too many practical activities to list, one excitedly shared a few they routinely 

incorporated into their Grade 9 and Grade 10 courses: 

Oh yeah, we have the unrestrained passenger lab; we have snap circuit kits to do 

electricity; we do station activities for static electricity; we have a planaria lab 

where they learn asexual reproduction; we have a lily lab where we look at 

sexual reproduction and all parts of the flower; and we figure out using 

microscopes, all the stages of mitosis, and there’s just tons of stuff! There’s just 

not enough time, right? (P1). 
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The routine practice of varied experiential instruction in science that allows students to engage, 

explore, explain, elaborate and evaluate (Withers & Schinske, 2016) is of clear value to this 

teacher, and all of the teachers I interviewed. While voicing their poignant final point that 

practical activities require considerable time to facilitate in addition to the substantial planning 

and equipment required, this teacher’s underscoring value for their benefit to teaching authentic 

science was heard. Another teacher added: 

I think the practical aspects of science are very important. For example, there are 

practical aspects of naming compounds and formulas in Grade 10, such as when 

they're reading ingredients for shampoo bottles, or when they're reading 

ingredients on food items, knowing what's in it, and what they're consuming… 

we need emphasis on the practical aspects of every topic that they're learning 

and why they're learning it, what use is it to them now, and in the future. 

From personal experience, teaching Grade 10 students about the toxicity of microplastics found 

in shampoo, personal care items or packaging for instance, and global microplastic 

contamination is expedited by hands-on opportunities to explore consumer products, which 

scholars suggest is supportive of deep conceptual understanding (Cheng et al., 2021; Singal et 

al., 2021). Furthermore, handling, exploring and testing items like this used in daily life allows 

students occasion to develop functional scientific literacy as they learn foundational GLOs 

including: “Evaluate, from a scientific perspective, information and ideas encountered during 

investigations and in daily life” (MET, 2000, p. 14). Such experiential learning is of critical 

importance in preparing a scientifically literate citizenry, and these Manitoba science teachers 

highly value its necessity for Grades 9 and 10 students to learn science. As one teacher stressed 

“Students need to know how to be inquisitive, because that’s what science really is… to be 
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curious… and explore things as scientists” (P4). When students have opportunity to practice 

thinking and acting like scientists (Layton, 1991), these authentic practices allow them to 

develop procedural skills fundamental to scientific inquiry, and to acquire scientific attitudes 

such as curiosity, skepticism, accuracy and precision that prepare students to responsibly apply 

their scientific knowledge and skills (MEY, 2003). When teaching Grades 9 and 10 students with 

a practical approach, I observed students develop scientific skills together with attitudes in a 

mutually reinforcing way. When students have opportunity to engage in practical work and 

develop skills to ask scientific questions such as predicting the outcome of an experiment for 

example, dispositions including curiosity and creativity are fostered, which in turn, motivate 

further practical experiences.  

Teachers emphasized: “Hands-on is so important, you can’t replicate it with a diagram” 

(P10); “They’ll always remember what they do and see” (P11). These teachers align with other 

educators globally and know there is no replacement for hands-on learning opportunities (Hong 

et al., 2018; Kelley, 2020). This finding supports the prominence of “experiencing” as both a 

mode and style of learning as described by Petersen and Kolb (2018) and suggests an elevated 

status for experiential learning, valued by the participant science teachers, myself, and science 

education scholars (e.g., Gya and Bjune, 2021). 

Aforementioned, the value of practical work for learning science is well established in the 

post-secondary science education literature, and contributions found in biology fields might 

support the value of practical work to learn biology in high school science, such as in the 

Reproduction unit in Grade 9 science. When Grade 9 science students learn about various types 

of asexual and sexual reproduction in plant and animal species and investigate anatomical 

adaptations which enhance reproductive success (MEY, 2003), I know first-hand that the 
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conceptual understandings, skills and attitudes students develop when dissecting a flower for 

instance, would be very difficult to teach through other means. Moreover, without new 

experiences, such as dissecting a flower, there can be no “real learning” according to Petersen 

and Kolb (2018)— “people only recombine and reiterate what they already know” (p. 228).  

Empirical studies from the post-secondary fields of chemistry and physics are more 

pronounced than those found in biology, and Grades 9 and 10 teachers described being 

extensively reliant on practical work to teach these disciplines. Several teachers stressed the 

regular inclusion of lab work within their chemistry and physics units: “A minimum of once or 

twice a week, whether building circuits or doing chem experiments” (P7); “Definitely about once 

a week. Often in Grade 10 Motion, as well as the Electricity unit in Grade 9” (P8); and “We did a 

ton in Grade 10 physics and in chemistry, a lab every couple of weeks (P3)”—this routine 

facility of lab work in chemistry and physics identified in the teachers’ standard practice 

harmonized with my practice in Grades 9 and 10 science prior to the pandemic. While reflecting 

on the frequency of practical work in their classes, one Grade 9 teacher openly expressed their 

regret with not providing students practical learning opportunities in all units: “To be honest not 

as often as I should have. It depended on the unit. Electricity was about 80% hands-on though” 

(P6). Another teacher echoed the value of practical work in this particular unit:  

The Electricity unit… it’s hard for students with a lot of math and equation 

manipulation. Yet, we are going to have electricians in the classroom, so they 

need these skills, right? It’s probably the most hands-on unit of all of them in 

Grade 9 science…if you want to engage kids, you can collect those kinesthetic 

learners by doing the electricity unit right (P4).  
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I agree with this teacher on four counts. First, the concepts of voltage, resistance and power are, 

from my experience, difficult scientific concepts for students to learn without practical work, and 

some struggle with the associated mathematical calculations. Simple investigations and 

observations when building circuits with batteries, wire and lightbulbs for instance, allow 

students opportunity to explore the mathematical relationships between these variables. Second, 

as the teachers had previously pointed out in discussions around LO priorities, significant 

opportunities for hands-on learning are indeed found within this cluster while students 

investigate and construct to learn about electrostatics and current electricity. Lastly, students 

should have opportunity to learn all skills prescribed in the curriculum through meaningful 

hands-on practice whenever possible; and although teachers may or may not focus on teaching 

science for specific professions, students’ functional scientific literacy and future options may be 

dependent upon it given their career choices. Furthermore, scientific literacy is enhanced when 

Grades 9 and 10 students engage in kinesthetic activities and learn experientially (MEY, 2003). 

As the teachers reported: “The hands-on stuff is more fun for the kids. They’re more interested 

when they are actually doing something” (P9); and “I think Grade 9s and 10s especially, prefer 

learning with hands-on materials” (P6). Their views align with the Manitoba science curriculum 

that states “students appreciate the hands-on experience of doing science" (MEY, 2003, p. 40), 

and with my experiences teaching Grades 9 and 10 science. As such, I appreciate the approach 

one teacher described:  

I do between 14 and 18 labs and activities in order to make science relevant and 

enriching... I have a variety of activities that take the whole class, or multiple 

classes, or they’re just a short thing… I do a lot (P1). 
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As previously discussed, context-driven, relevant student-centered activities valued by this 

teacher and others help prop meaningful science learning. During the pandemic however, 

teachers were challenged to teach science and promote scientific literacy without the practical 

work they highly value to do so. As one teacher explained: “It was a very stark contrast between 

learning through engagement and activity versus lecture hall or theater style learning, which 

obviously, with Grade 9s and 10s, is not a very conducive environment to their learning” (P10). 

As the suspension of traditional educational activities crippled science educators globally (Hothi 

et al., 2022), my data suggests that this stark contrast was felt in many Manitoba science 

classrooms as teachers were restricted in teaching science through practical, hands-on learning 

activities. This absence was profoundly emphasized by the teachers, and one boldly announced, 

“Laboratories or hands-on learning activities, gone” (P9)—a genuinely inconceivable thought for 

experienced science teachers including myself. Others offered, “During the pandemic, especially 

at the beginning stages, social distancing was enforced so lab work was non-existent” (P11); and 

“Hands on things definitely went to the wayside” (P7). Science teachers were in a particularly 

tough situation given the practical nature of this discipline, and necessity to shift experiential 

instruction to virtual platforms (Babinčáková & Bernard, 2020; Kelley, 2020). Finding virtual 

opportunities for students to be inquisitive, and to explore or apply their scientific knowledge 

and skills throughout the pandemic challenged these Manitoba teachers along with educators 

globally—yet these approaches are vital for developing scientific literacy. While the prevailing 

science education scholarship is clear that practical activities are critical for the development of 

scientific literacy competencies and cannot be replaced, and lockdowns and restrictions during 

the COVID-19 pandemic meant this type of instruction wasn’t possible, teachers were faced with 

a pedagogical paradox.  
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Teachers experienced great worry and frustration that they could not provide their 

students with the mandatory experiences they value, to learn science. “Like try to teach 

somebody how to drive a car without actually getting them into the front seat!” (P1) was how 

one teacher portrayed the enormity of the challenge of teaching science to their students without 

hands-on learning opportunities. Another teacher analogized from their coaching perspective: “If 

my basketball team couldn’t practice, it would be pretty impossible to learn the game” (P6). 

Other teachers elaborated: “My classroom is pretty hands on… [and went] from learning stations 

and demos, to pen and paper” (P9); “With 2 metres of distancing, we weren’t able to do any 

laboratories” (P3); “With desks six feet apart… labs turned into discussions and students just 

didn’t tune in. They weren’t having as much fun learning the content” (P6); “Because we weren’t 

doing the practical side of it… within kids, it killed some of that natural curiosity” (P7). 

Although equipped with pedagogical skills and expertise for in-class teaching, the demanding 

modes of remote and hybrid instruction that teachers were not trained for, proved significantly 

challenging (Meng et al., 2020; Rossettini et al., 2021), particularly when it came to practical 

work. Moreover, as these teachers grappled with the absence of joy, excitement, and anticipation 

that had previously fuelled science learning and filled their classrooms, I could relate to their 

experiences when teaching during the pandemic, and their feelings of loss for their students. 

While one teacher explained the general view shared by teachers during the interviews, “It was 

just the laboratories themselves. That was the part that I was finding either very hard, or not 

possible to adapt, once the pandemic began” (P4), I felt a sense of grieving in their voice. Some 

teachers elaborated on the extreme change in their teaching: “Overall I provided less than a third 

of my usual labs, and furthermore, labs were individualized at students’ desks and reduced to 

very simple mixing and observing or counting procedures without any collaboration, the level of 
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analysis was much less” (P5); “Students couldn’t do labs and they seemed more… not just 

isolated physically, but isolated in their learning” (P11); and “The content was coming from me 

to each student. It wasn’t going from student to student, or them discovering on their own. That’s 

what changed” (P1). As noted earlier, the pursuit of scientific literacy is “not something that the 

teacher does alone, but rather something that students learn to do…, and practice…, within their 

own social context” (Feinstein, 2011, p. 180).  As such, it wasn’t surprising that Grade 9 and 10 

science teachers struggled to teach some scientific concepts in meaningful ways, when practical 

and collaborative work were restricted during the pandemic.  

The Manitoba science curriculum documents prescribe foundations for scientific literacy 

that include LOs that students are expected to know but also prescribe LOs that students are 

expected to be able to do as a result of their senior years science education (MET, 2000); and in 

order for instructional environments to be effective, students require opportunities to work 

cooperatively with other students, to initiate investigations, and to communicate their findings 

(MET, 2001). One teacher pointed out, “When they do the hands-on that not only allows them to 

actually see it for themselves and to experience it for themselves, but also to work with other 

students” (P5). As teaching scientific concepts and procedures in high school sciences is 

routinely achieved through student group or partner work, collaborative skills and attitudes 

important to scientific literacy development are often learned in partnership with practical work.  

In my experience, teachers commonly place student-centered learning at the core of their 

Grades 9 and 10 science courses, and given the importance of collaborative student learning, 

school laboratories are commonly designed in support with equipment and supplies grouped in 

stations. Furthermore, some of the Grades 9 and 10 cluster SLOs explicitly indicate that students 

need to do practical work in collaboration with other students, such as “observe, collect, and 
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analyze class data of single trait inheritance” (MEY, 2000, p. 3.17). Additionally, from my 

perspective, at least 10 of the 28 foundational GLOs such as “employ effective communication 

skills and utilize information technology to gather and share scientific and technological ideas 

and data” (MET, 2000, p. 13; MEY, 2003, p. 12); and at least half of the 48 Overall Skills and 

Attitudes Cluster 0 SLOs, including “carry out procedures that comprise a fair test”, and 

“identify and suggest explanations for discrepancies in data” (MET, 2000, pp. 0.3-0.7; MEY, 

2003, pp. 0.3-0.7) are either directly learned through student collaborative work, or best learned 

through student interaction and discussion. But with limited opportunity for students to work 

cooperatively with classmates in lab work or to assume group roles and responsibilities during 

the pandemic, some GLOs and Cluster 0 SLOs were extremely difficult to address. The teachers 

articulated the loss of cooperative learning they value for teaching science: “Yeah, I probably 

dropped, in terms of collaborative work or lab type work, it was probably down seventy-five 

percent of what I normally do” (P2). Another teacher emphasized the impact of this loss,  

I think one of the greatest opportunities that science presents, is a lot of 

collaborative work where kids can work in lab groups, and they can discuss 

concepts, theories, and then apply them to a real-life situation… before the 

pandemic we saw a lot of those benefits. And then, of course, during the 

pandemic you’re told no, you cannot do any of that, or you’re limited on who 

you are able to work with, and you’re at a distance (P1). 

Although these teachers valued and relied on regular opportunity to advance student knowledge 

and metacognition fostered through collaborative discussion between students while doing 

science prior to the pandemic; aligned with many scholars (e.g. Garcia-Vedrenne et al., 2020), 
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their frustrations resonated throughout the interviews that effective alternative science pedagogy 

does not exist. 

While teachers adjusted their instruction to meet safety protocols throughout the 

changing pandemic periods, the omission of practical and collaborative learning activities during 

remote instruction meant the loss of some LOs important to promote scientific literacy. 

However, during periods of BL when teachers taught some students in class while some 

remained in their home for the lesson, although limited by pandemic safety protocols greater 

opportunity for practical and collaborative learning presented itself. Without question, the 

participant science teachers and myself choose to teach science through an authentic practical 

and student-cooperative approach because we value its necessity for learning science, struggle to 

teach science by different means, and seized any opportunity available. This determination was 

conveyed in one teacher’s response:  

In class, it was a lot of hands-on stuff. Anything that we could do hands-on, that 

I knew we could not do online, that’s what we did in class. It was a little bit 

more intense when they were in on those days… because we were trying to pack 

in a lot (P9). 

Although teachers could not teach some of the Grades 9 and 10 scientific competencies 

remotely, this teacher’s value for hands-on learning was clear, aligning with Kelley’s (2020) 

view that hands-on practical work should take place in the classroom and be prioritized in all BL 

situations. As Kelley had pointed out, during periods of in-person instruction, social distancing 

and other safety restrictions also limited ‘normal’ collaborative lab work, as one teacher 

described:  
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When we had restrictions, any type of group work, any type of jigsaw method, 

any type of collaboration or connecting, hands-on stuff like the labs were really 

tricky, because I spread them out so kids were working by themselves. How to 

learn together was removed (P5). 

Yet, learning together through collaboration and communication are key elements of 21st century 

scientific literacy (Valladares, 2021), rendering a science education void of interaction with other 

students while learning in isolation, unsuitable.  

Regardless of the pandemic period, these teachers overall concur with the scholarly view 

that laboratory experiences are invaluable to learning science, and as emphasized in the post-

secondary science education literature, this is arguably more pronounced in chemistry (Campbell 

et. al, 2020). Since chemistry units and their LOs are core to Manitoba’s Grade 9 and Grade 10 

science curricula and prioritized by teachers amongst the four clusters in each grade, the loss of 

laboratory and collaborative work in these units were of particular concern to teachers during the 

pandemic. For example, although teaching some of the scientific concepts found in the Grades 9 

and 10 chemistry SLOs, such as the chemical composition of binary ionic compounds such as 

copper II sulfate and how to write its chemical formula are easily taught without practical work; 

teaching the physical and chemical properties of such compounds such as its blue colour, and 

how it behaves in a chemical reaction (MEY, 2003, pp. 2.20-2.23) are not—and require student 

investigation and experimentation while in collaboration with other students. Many examples of 

curricular direction for teachers to provide collaborative teamwork learning opportunities for 

their students, such as “Students work in pairs and practice writing chemical formulas for binary 

molecular compounds” (MEY, 2003, p. 2.12) are found throughout the Grades 9 and 10 

documents, but remote teaching and physical distancing when in-class meant such routine 
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learning activities were unavailable. Additionally, Aguirre and Selampinar (2020) found that 

adaptations for the remote delivery of chemistry lessons during the pandemic failed to provide 

students with a full learning experience, and Tigaa and Sonawane (2020) found students required 

step-by-step directions and constant reminders to assimilate chemical concepts when learning 

remotely. The Grades 9 and 10 teachers faced similar issues when teaching chemistry remotely, 

and opportunities for students to experience authentic wait times to critically think about 

procedures, and what they are doing as they investigate and experiment for instance, were lost. 

Furthermore, as one teacher pointed out: “Many kids say, and I see this at the higher levels, they 

don't like labs because it makes them think, it kind of gets some out of their box and out of their 

comfort zone” (P9), they made it clear that some students are also aware of the tremendous value 

of laboratory work to reaching higher levels of thinking and learning. When students are 

challenged to think critically and ascend the levels of Bloom’s taxonomy to apply, analyze, 

evaluate and create scientific understandings through authentic laboratory work (McGuire & 

McGuire, 2018); and reach higher levels in the BSCS 7E learning model to explain, elaborate, 

evaluate and extend their scientific understandings, teachers and students alike recognize that 

scientific literacy is advanced. While accentuating the need for students to participate in 

authentic science in order to learn science, “Now that the pandemic is over, kids are tired of 

sitting down in their desk and listening to people talk. They had two years to do that and I think 

now it’s time to really explore what science is” (P4)—and to embrace the NOS and extend their 

thinking beyond remembering and understanding. While some teachers relayed their value for 

practical work to learn science through its frequent use in usual practice, other teachers focused 

on its value through reflection of its absence in their pandemic practice, sharing: “If there was 

one thing, if I could’ve gotten a bit more hands-on stuff in” (P8); and, 
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I really don’t feel like the pandemic was my normal teaching. So, to be honest, I 

think I've abandoned more of the practices. It's just not who I am as a teacher. 

I'm somebody who likes to be hands-on. I'm somebody who likes to have things 

that the kids see on a regular basis (P2). 

While exposing an important component of their identity as a science teacher, this teacher’s 

explanation that teaching science with practical work is core to their science pedagogy is a view 

other teachers echoed, and I relate to. While these science teachers maintained an evolving, 

strategic lens throughout pandemic restrictions that limited the practical and collaborative 

student work they highly value to teach science; another teacher, guided by its profound loss to 

their teaching indicated, “For me, getting back to [hands-on teaching] has been super important. I 

have to admit I'm not missing COVID, and its practices” (P10). Despite the challenges 

throughout the pandemic period of science instruction however, one teacher affirmed, “but we 

did it” (P1). An important question overriding their enthusiasm however, and of significant 

relevance to this study and the advancement of student scientific literacy—is how effectively did 

they perceive they did it? 

Theme Five: These teachers adjusted their instruction and assessment in response to 

limitations on practical and student cooperative work during the pandemic, providing students 

with various alternative learning activities while remaining significantly reliant on digital 

technologies. 

As these Manitoba Grades 9 and 10 science teachers responded to restrictions and 

limitations to practical work during the COVID-19 pandemic, they resourcefully adjusted their 

instruction and assessment in various ways. The Grade 9 and Grade 10 Senior Years Science 

curriculum documents indicate: “Deciding which learning activities to use is an important part of 
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a teacher’s initial planning. Teachers need to make deliberate, informed decisions about the best 

tools to use for each learning task” (MET, 2000, p. 22; MEY, 2003, p. 39), but when the best 

learning tools and activities were unavailable during the pandemic, teachers sought the next-best 

alternatives. Despite some debate about whether teachers should develop novel pedagogical 

practices or build on existing best practices (Gillis & Krull, 2020), the consensus among teachers 

was that when practical work previously central to their teaching was unavailable during the 

pandemic they turned to all available supports. One teacher emphasized, “This was the right 

time, I guess, for this to happen because we’ve got a lot of tools at our disposal” (P5). The 

widespread availability of the Internet for teachers and students during this period of lockdowns 

and restrictions became the champion in science education, as teaching and learning became 

dependent on it, according to these teachers.  

As these teachers sought to become proficient in digi-pedagogy and worked hard to craft 

new learning opportunities despite the lack of time to adapt, one pointed out: “We’re in this 

weird environment… we can adapt. This is being thrown at us, and it’s not great, and it’s not fun, 

but we can teach some problem-solving skills” (P6). I admired their ambition and flexibility to 

capitalize on opportunity to continue to teach science without practical work, and in union with 

creative educators globally as they strived for quality teaching (Bhamani et al., 2020). With the 

race for new technology to provide and enhance remote learning opportunities at the forefront of 

education during the pandemic, Giordano and Christopher (2020) informed that educators across 

all disciplines and educational levels stepped in to offer innovative approaches. MacIntosh 

(2021) reported that some Winnipeg high school teachers organized conferences featuring 

international guests; that some schools had transformed facilities to develop online lessons; and 

that remote learning prompted teachers to test out a multitude of digital teaching tools—all 
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revealing the resourcefulness and responsiveness of local educators engaging in a new style of 

teaching and learning as MacIntosh stressed, “success hinges on attitude” (p. A9). But it was 

incredibly challenging, as one participant teacher explained: 

If we needed large equipment, it just wasn’t practical to move it, so some of the 

things I was able to come up with, like smaller experiments with smaller 

equipment…but even then, just trying to teach in the pandemic and coming up 

with different ways of doing that, was quite a thing (P3).  

Putting alternative instruction into place when practical work was restricted, although necessary, 

was fraught with barriers: “The newness of trying to adapt to the pandemic… I didn’t have a lot 

of activities that the students could do prepared beforehand, so I couldn’t think of anything… it 

was hard” (P9). Without the extensive and accessible digital world at their disposal to seek 

instructional alternatives to practical work, attempts to teach the Grade 9 and Grade 10 science 

LOs would have been exceptionally problematic as one teacher acknowledged: “I didn’t have a 

lot of things for them to really do at the Grade 9, Grade 10 level” (P11). Although these teachers 

have expertise in their curricula and in practical teaching approaches, one acknowledged, 

“We’ve got a lot of tools at our disposal. I just feel that I under-utilize them because of my lack 

of technology know-how” (P2). All of the teachers felt that a reasonable level of technological 

proficiency was critical to propping one’s ability to successfully adapt science pedagogy to a 

remote platform—but while some brought technological knowledge and knack into the 

pandemic, others were less skilled in digi-pedagogy. Two teachers stated rather frankly, “I didn’t 

do anything new” (P2) and “I’m just gonna say no” (P9), when asked if they had created or 

implemented alternative science learning activities to replace traditional ones. Another teacher, 
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attempting to maintain some opportunity for hands-on practical work through remote instruction 

recounted: 

In Grade 9 I found a little experiment they could do at home on the camera in 

front of me, just gathering some little things around the house to experiment 

with static electricity. That’s something I’ve never done since, because that was 

much simpler and less structured than what I would do in the classroom (P5). 

While teachers continued to teach science to their students from afar, with little time afforded for 

the development of alternative science lessons and coupled with the fact that many teachers “did 

not know how to do it” (Babinčáková & Bernard. 2020, p. 3296), some remote lessons crafted by 

teachers, including myself, were indeed simple. Moreover, despite teachers putting in their best 

efforts (Kim & Asbury, 2020), experiments done at home were not considered as enjoyable, nor 

effective skill-building substitutes compared with those done in school. As noted earlier, while 

online teaching is a virtual process (Meng et al., 2020), hands-on sensory input is important for 

developing scientific literacy (Cutri et al., 2019); and while “The world changed a lot during 

[2020-2022]… the principles of teaching and learning did not” (Borish et al, 2022, p. 18). With 

the scholarly view that alternative forms of education during the pandemic had variable efficacy 

(Reimers, 2022), interest in the alternative approaches implemented by Manitoba Grades 9 and 

10 teachers and their perceived effectiveness to foster scientific literacy was elevated.  

The demands on science teachers given the practical requirements for teaching this 

subject left them struggling to find effective alternatives to teach their curriculum. “It provided a 

lot more work for the teacher to find things to do, to be very creative, to make connections to the 

curriculum and find things that the kids could do or watch” (P7) explained one teacher—with the 

overall aim to keep teaching science to their students over any consideration of scientific literacy 
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development. When asked what alternative science learning activities they had implemented to 

replace traditional practical ones, one teacher explained, “There’s a lot more video lessons, and a 

lot more video movies that they would be watching” (P6); while another accentuated: 

They shifted from exploration and supervised investigation to videos of, this is 

what we would have done. This is what you would have participated in. But 

watch the video, you’ll get the gist of it.… I don’t think it can ever replace the 

doing of something to accentuate or reinforce the theoretical learning (P1). 

While revealing a picture of the extreme pivot from experiential learning during the pandemic, 

this teacher also revealed the perspective that although video alternatives to replace practical 

learning allowed teachers to keep teaching, they served as compulsory substitutes versus 

effective replacements for experiential learning. Another teacher echoed this view:  

Normally in Grade 9 science for example I would do a lab where they get to 

extract DNA from strawberries and see it macroscopically, and I’ve always had 

great reactions from kids… but what I would do during the pandemic is I would 

find a video of somebody else doing it, and there’s not much value in that… not 

being able to touch and manipulate. The kids are losing a lot of value in that type 

of learning, and I had a very hard time trying to find anything that remotely 

compared. I found I was barely scratching the surface of what they should have 

been able to achieve if they were in class (P10). 

While emphasizing the extreme loss of practical opportunities to touch and manipulate in lab 

work to learn DNA science, this teacher’s perspective that comparable alternatives do not exist 

was a view shared by all participants. Scholars revealed concern for laboratory skills acquired 

through video demonstration versus practical learning, and who argued that video alternatives 
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fail to meet teacher benchmarks for inquiry and authenticity (Heng et al, 2022; Kelley, 2020), 

and these teachers’ concerns were aligned. It was further noted that the loss of valuable student 

reactions that typically accompany authentic practical work in Grade 9 science such as the 

excitement students express when isolating and handling DNA, might substantiate the 

compromised development of scientific skills and attitudes. Another teacher emphasized, “It’s 

also super important getting students to question what they're reading and what they're hearing, 

and getting them to actually do science, rather than sit down and listen to science from a teacher 

or a video” (P4). Videos cannot adequately replace laboratory learning and can lead to student 

misconceptions (Chen, 2022); and as previously noted, when students engage in hands-on 

manipulation, they have opportunity to learn the most from performing a procedure incorrectly—

something unavailable in best-practice videos (Kaup et al., 2020). One teacher’s comment 

offered an excellent overview of what videos cannot do: “Hands-on experimentation as well as 

group work, that social aspect of doing experiments together and helping each other out, figuring 

out what went wrong or what worked… was lost” (P5). When teaching high school science, I 

learned firsthand that learning opportunities stemming from student mistakes such as an 

imprecise measurement for example, or failure to control temperature during an experiment, are 

as invaluable as the mistakes made when first learning other practical skills such as how to ride a 

bike. “Science should be portrayed as intense human activity full of trial and error, that is 

influenced by cultural priorities and perspectives” (MET, 2000, p. 17; MEY, 2003, p. 26); and 

without authentic opportunities to make mistakes, students lose opportunity to develop critical 

thinking and problem-solving skills that are required in scientific practice. Robertson (2018) 

contends one’s conscious recognition of their misunderstandings is an important element of 

metacognition, and as skill development accompanying student self-assessment is 
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metacognitively significant for experiential learners, students lose genuine opportunities to 

advance their scientific literacy when watching videos to learn science.  

Providing learning opportunities conducive to developing scientific literacy without 

practical work was a profound challenge for teachers (Evans et al., 2020), and without effective 

alternatives one frustrated teacher admitted, “I would have to say that I don’t know if I was doing 

a good sales job on how critical science is to us, when I was handcuffed” (P7). Loughran (2011) 

had emphasized that developing learning activities that work to bring content to life on a daily 

basis acknowledges the real demands of teaching on a daily basis, but doing so amid pandemic 

restrictions through alternative methods was exceptionally challenging for teachers (Pregowska 

et al., 2021). Yet, Chan et al. (2020) believed science teachers had to shed their fears of trying 

and practicing new and different pedagogies while teaching remotely, in their attempts to 

develop student-centered pedagogical toolkits with some form of practical work. As Grades 9 

and 10 science teachers sought new tools to adjust their daily instruction and assessment, they 

had little choice but to reach beyond video instruction and become creatively resourceful; but as 

teachers continued their attempts to replicate the experience of practical exposures without 

proper training, it became clear that some were not successful. Although some Grades 9 and 10 

teachers described turning to their colleagues for support, “Without resources and supports in 

place” one admitted, “it was absolutely like the blind leading the blind” (P2).  

These teachers seemed to learn quickly that “the pervasiveness of technology into daily 

life not only reinforces the importance of scientific literacy" (MET, 2000, p. 1.2), but an 

exploration of technological tools to support pandemic pedagogy was required. Some teachers 

united in their schools and science departments to create alternative learning materials, and 

students benefitted as teachers became increasingly competent with online platforms and 



223 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

interactive science websites, simulations and games while adjusting practical learning activities. 

Most of the teachers emphasized an increased reliance on digital technologies to teach science 

during the pandemic, while a few highlighted specific online resources: “ExploreLearning, that’s 

an awesome website” (P5); “The use of Edpuzzle was a huge tool that I used during all of 

Covid” (P3);  

I used a lot of Edpuzzle and ExploreLearning. ExploreLearning is expensive but 

they have um, incredible gizmos as they call them, which are like apps, and they 

come with fully detailed student worksheets… It’s so good. I loved those, and I 

continue to use those, and we, have as a department, continued to advocate for 

paying for this resource, because not only is it great for students, but it supports 

staff because it gives full answer keys and all sorts of other resources with it… 

for having hands-on in science become digital, this was by far the best resource, 

and they cover like everything (P1). 

Opportunities to enhance science education emerging alongside remote teaching were strongly 

tied to the advancement of digital technologies and telecommunication networks like 5G (Ting et 

al., 2020), which supported new learning platforms (Sayer & Braun, 2020). Yet, although 

interactive scientific demonstrations and experiments might help mitigate the barriers to rich 

remote learning experiences (Babinčáková & Bernard, 2020), scholars such as Waight and 

Neumann (2020) recognize that substantial increases in computing power along with digital 

technologies, simulations and modeling tools cannot alone help students become scientifically 

literate unless they are incorporated into meaningful curriculum. Moreover, they can only ‘take 

life’ through a teacher, whose “knowledge is the biggest factor in the implementation of the 

curriculum” (Dube, 2020, p. 151). As such, Grade 10 teachers mentioned another website that 
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helped bring life to their curriculum: “I used some stuff off the PhET website”; and “I would say 

during the pandemic some of the PhET labs worked pretty well, like the simulations… kids 

really seem to like those”, and I concur. Some of the PhET simulations are excellent, such as the 

MovingMan for instance which allows students to manipulate a digital character at different 

speeds and in different directions with accompanying graphical data. This simulation firmly 

props learning for three SLOs in the Grade 10 In Motion unit: “Analyze the relationship among 

displacement, time, and velocity for an object in uniform motion”; “Collect displacement data to 

calculate and graph velocity versus time for an object that is accelerating at a constant rate”; and 

“Analyze the relationships among velocity, time, and acceleration for an object that is 

accelerating at a constant rate” (MEY, 2003, pp. 3.2-3.7). While my colleagues and I found value 

in the use of this PhET simulation prior to the pandemic, I had routinely observed my Grade 10 

students struggling to assimilate these relationships without my in-person clarification and 

direction when they were using the website. During the pandemic, when I was unable to offer 

guidance to my students while using the MovingMan remotely, although it was difficult to 

properly assess their learning it was clear that many did engage and enjoy learning with this 

interactive simulation—giggling in a Microsoft Teams meeting while launching the man in a 

tuxedo into a brick wall at high speed. As Worrall et al. (2020) had suggested that carefully 

designed simulations could help to keep post-secondary chemistry students engaged in some 

practical work in a remote environment; and Torres-Freyermuth et al. (2022) indicated other 

post-secondary studies in physics revealed the value of playfulness achieved in virtual 

laboratories helped to engage students in the learning process, some students likely benefitted 

from the novel virtual tools science teachers incorporated into their remote science lessons. Yet, 
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with an awareness of the limitations of online simulations to replace practical learning and the 

cognitive abilities of their Grade 10 students, another teacher proposed: 

I would say that the PhET simulations have been good, although they are nice to 

complement hands-on. I don’t think that they can…or replace the doing, but 

showing before and after labs. I don’t think it furthers scientific investigation, 

unless you have kids who are able to critically think and analyze, but some kids 

aren’t there yet. Some kids are able to identify, list and organize, but aren’t 

necessarily able to do that critical thinking piece, so you could have an activity I 

think, that could advance scientific literacy for kids who are at the upper end, 

but it can’t be an activity that I would assume or could hope that would advance 

scientific literacy for all of the students (P4). 

This teacher’s view of the range of student abilities in Grades 9 and 10 general science 

courses is an important one, and one that I relate to from my science teaching 

experience. With an understanding of our students’ abilities, in order to ensure that all 

students benefitted from the practical learning activities we implemented my colleagues 

and I routinely organized our students into lab groups with assigned roles and 

responsibilities. But the online instructional environment meant students were on their 

own to learn whatever they could while using interactive websites like PhET. One 

Grade 9 teacher provided a different perspective, explaining another online simulation 

used to support conceptual understanding of electrical circuits and associated 

mathematical relationships taught in the Grade 9 Electricity unit: 

There is an online circuit building platform where we’re not limited to our 

number of wires and clips so we can have technology representing what we’re 
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trying to do.... It’s cool and I would say it was sufficient. It actually might have 

helped a little bit more with the mathematical concepts of current (P7). 

While acknowledging value in learning these concepts experientially via hands-on work, this 

teacher’s view that a digital alternative might be sufficient was notable, and of potential 

importance to perceived student scientific literacy development during the pandemic. It was 

further noted, that as equipment limitations hindered this teacher’s ability to teach these 

important LOs through practical work prior to the pandemic, this online circuit building platform 

might be of ongoing value to their teaching, and school’s Grade 9 science program.  

The participating teachers described incorporating a variety of other digital technologies 

into their alternative instruction and assessment while traditional teaching was suspended during 

the pandemic: “One thing I did do a few times and still do, was almost like a scavenger hunt, but 

online… leading students to different websites, different articles and different videos, just 

accessing different media sources” (P3); “A lot of the projects I had from my clusters were easily 

adapted to a digital form… they could do a digital brochure” (P8); “Doing a lot of social media 

type stuff, like taking pictures and showing examples of their knowledge that way” (P6). As 

digitally mediated remote learning promotes student autonomy and allows learning to become 

personalized, self-paced and self-evaluated (Taguchi, 2020), and Grade 9 and 10 students are 

among the digitally literate and highly connected generation of learners ready to invest in 

technology (Byrnes et al., 2020), Manitoba students were poised for potential success in remote 

learning. Although teachers had relied on various online alternatives during the pandemic mainly 

to replace restricted practical work, some described expanding their teaching toolbox into the 

digital world following their pandemic experience: 
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I now have all my lessons for the most part digital... So, if a kid is gone, I can 

send them my lesson, and can now see if they actually watched it. So yeah, 

totally have tons of better tricks and things I can pull from… I’ve taught Grades 

9 and 10 science at least 30 times each, so I have a really good understanding of 

the curriculum and materials, and can, on the fly, pull something very easily 

now (P1). 

It was noted from this teacher’s account that extensive science teaching experience may have 

eased the strain of adjusting instruction, as teachers typically develop and amass a cache of 

resources throughout their careers—of potential value for crafting alternative learning activities 

and helping to prop student learning in science. Several teachers described other digital 

pandemic practices of enduring value: “I added little things like ‘watch this video now’ during 

COVID, and I've left all that kind of stuff there” (P9); “I've made some changes due to the 

pandemic… put notes up so that kids can access from home. And just making things more 

digitally available to kids now than they were before. It benefits kids who are away” (P3); and, 

I think some of the technology stuff has been probably one of the biggest 

takeaways. The kids access Teams on a daily basis now, everything is posted 

there, and certainly have more access to what they’ve missed than they ever did 

before. They're still going to miss the, the hands-on side of it, but at least they 

can still have the content base that goes with it. So that part has been good (P5). 

As these teachers described significant merit in the ongoing digital access of course materials, 

missing the “hands-on side of it” in science as previously discussed meant students might not 

advance their functional scientific literacy—but the teachers considered the variety of digital 

technologies as the best alternative tools to replace practical work during the pandemic. I noted 
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however that the interview discourse regarding these alternatives centered on teaching science 

content, with little or no discussion of opportunities lost for procedural skill development or 

practicing positive laboratory attitudes. 

Although the Grades 9 and 10 teachers largely focused on digital adjustments as they 

responded to restricted laboratory or hands-on learning activities, they also described explicit 

details of other instructional approaches queried: demonstrations, class discussions, oral 

presentations, student project work, written assignments and research. 

The teachers were clear: “No demonstrations during the pandemic” (P9); 

“Demonstrations definitely decreased in frequency” (P8). Some teachers struggled when stripped 

of these usual instructional tools: 

I like to be creative and off the cuff at times when I’m teaching, and I didn’t 

have the opportunity to really do that when we were doing the remote, or that 

synchronous part. You had some students in your room, plus some students 

online at times. You can’t multitask or do a demo, or you’d miss when 

somebody is trying to ask a question from home, and don’t have the camera on 

you when you’re answering a question in class, so four kids at home miss your 

visual demonstration...it limited my teaching (P1). 

Instructional methods including demonstrations tactically woven into the daily instruction of 

some science teachers like this one disappeared along with practical work during the pandemic, 

and another teacher suggested the extreme impact of this loss: 

The little short snap or two-minute demos you model for them, here’s acid, 

here’s base, be careful, try it…just went away. And if you don’t build that 
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curiosity at the beginning of class, that little shock and awe, yeah, different 

outcome for sure (P7). 

With limited time and laboratory opportunity afforded to teach some SLOs such as “Experiment 

to classify acids and bases using their characteristic properties, including indicators, pH, and 

reactivity with metals” (MEY, 2003, p. 2.24), teachers might adapt with quick and effective 

demonstrations as this teacher described or by adding a highly reactive metal to an acidic 

solution for example, as “Experiences of intense involvement are optimal opportunities for 

teaching engagement in learning” (MET, 2000, p. 21). Moreover, this teacher’s reference to 

building “shock and awe” to engage and inspire students aligns with the view that “discrepant 

events can be a powerful tool” accompanying demonstrations (MET, 2000, p. 22; MEY, 2003, p. 

39). For example, the attraction of a neutral object is a discrepant event that challenges students 

to refine their understanding of the particle model of electricity (MET, 2000, p. A62). Teachers 

might teach the Grade 9 Electricity unit SLO “Explain how a discrepant event can be used to 

evaluate the particle model of electricity” (MET, 2000, p. 3.6) by demonstrating that either 

positively or negatively charged objects can attract neutral ones, and in doing so, create cognitive 

dissonance for students. For example, when rubbing silk on a balloon, the silk acquires a positive 

charge; but when rubbing silk on glass, the silk acquires a negative charge—yet both attract 

small bits of paper. After learning about subatomic structure, where negatively charged electrons 

are attracted to positively (oppositely) charged protons; and that like charges repel each other and 

unlike charges attract, students often conclude, incorrectly, why the paper bits behave as they do 

(p. 3.6)—and must refine their understanding of the particle model. In my experience, Grades 9 

and 10 science teachers including myself commonly use demonstrations to introduce discrepant 

events, which take little time but offer valuable moments for students to learn scientific concepts. 
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While cognitive strategies associated with practical work in science education include discrepant 

events (Agarkar, 2019); notable qualities of the nine styles of learning described by Petersen and 

Kolb (2018) of importance to developing scientific literacy include meaning created through 

observation and reflection, and disciplined involvement in abstract reasoning and logic—both 

may be enhanced when teachers incorporate discrepant events as a cognitive strategy. For 

example, asking Grade 10 students their thoughts about when a textbook and a pencil will touch 

the ground when dropped from the same height at the same time, is a powerful demonstration 

likely to stir some cognitive dissonance and helpful to teaching the In Motion SLO “to outline 

the historical development of the concepts of force and “natural” motion” (MEY, 2003, p. 3.8).  

The curriculum standards state, “demonstrations can arouse student interest and allow for 

visualization of phenomena”, and are a valued instructional tool in the Grades 9 and 10 curricula 

(MET, 2000, p. 22; MEY, 2003, p. 39). Further, in my opinion, demonstrations can extend the 

array of practical experiences that science teachers routinely provide to students beyond 

structured lab work, and can allow students regular opportunity to learn science, experientially. 

For instance, when teaching Grades 9 and 10 science, my colleagues and I would routinely invite 

students to participate in the demonstrations we conducted, such as doing a flame test to hear the 

“pop” of hydrogen gas for students to learn about chemical properties and reactions; or throwing 

a raw egg at a cloth wall and a brick one to compare the forces on the egg while learning about 

the concepts of momentum and impulse—each fostering much excitement and engagement of all 

students. Teachers could not do demonstrations like these when teaching remotely from their 

homes, and although some may have done simple demonstrations in front of a camera while 

teaching remotely from their schools, they lacked any opportunity for in-person visual and 

interactive learning which usually accompanies this approach. As expressed by some of the 
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teachers, the loss of demonstrations to regularly engage students may have impacted students’ 

ability to learn science and failing to pique the wide-eyed interest of Grades 9 and 10 students 

may have resulted in additional impacts to their class participation.  

While teaching remotely, my experience paralleled all of the participant teachers, as some 

shared: “Class discussions, gone. You try to, you couldn’t get anybody to speak up” (P9); “You 

can only have one kid talking online… so I certainly found it leaned heavily on me… as opposed 

to group discussions happening” (P1); and,  

Class discussions when the students were at home were limited… you’d have 

some student interaction through their microphones, but it wasn’t the same as in 

class where students can easily blurt out anything or raise their hand or answer 

questions on the spot. They’d have to unmute, and who knows if they’re just 

lying in their bed, so there wasn’t as much interaction or class discussion. It was 

more so me talking the whole time, or most of the time anyways (P5). 

While aptly capturing the authenticity of typically curious and enthusiastic Grade 9 and Grade 10 

science students and reiterating the shift to teacher-directed instruction, these teachers’ 

comments generally summarized the struggle to foster effective class discussions. Aside from a 

few outgoing or motivated students initiating or contributing to online discussions that I led in 

the 2020 spring semester, most did not participate; and while unable to observe them I also 

wondered if they were watching, listening, or thinking about the topic of discussion. Although 

scholars emphasize that online collaborative opportunities were not as effective as those afforded 

in-class (Garcia-Vedrenne et al., 2020), during the pandemic these teachers were largely unable 

to facilitate effective online interactive discussions between their students—which Croce and 

Firestone (2020) posit are necessary for students to deliberate questions for further analysis and 
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investigation. During pandemic periods of in-person instruction, one teacher indicated “We 

couldn’t let the kids work in pairs, or groups or anything like that and that was pretty 

unfortunate, they enjoy it and can get a little discussion going on between themselves and that is 

helpful” (P6). Group and class discussions are useful to spark interest in a topic or LO, to 

activate prior knowledge, or to generate ideas for solutions to problems for instance (MET, 

2000). When teaching science in-class prior to the pandemic, my colleagues and I would 

frequently instruct our students to “listen-think-pair-share” (MET, 2000, p. 22; MEY, 2003, p. 

39), and many Grade 9 and 10 students would eagerly take part in this activity. Overall, as 

teachers attempted to teach LOs requiring student interaction during the pandemic, the 

implications of limited opportunity for students to participate in co-operative discussion, 

planning, lab work, analysis and explanation of results to build critical scientific literacy skills 

and attitudes (MET, 2000, pp. 0.3-0.7; MEY, 2003, pp. 0.3-0.7), were likely quite extensive. 

Along with the collapse of demonstrations and meaningful classroom discussions, all 

teachers reported a similar result for student presentations. Examples of teacher statements 

include: “My oral presentations stopped” (P10); “Oral presentations, virtually, yeah nonexistent 

because we had time limitations” (P3); “Presentations… we didn’t have a ton of those, it was 

tough because they had to mask and it was really difficult to hear kids” (P2). To learn many 

SLOs, GLOs and Cluster 0 SLOs in the Grades 9 and 10 science curricula, students must 

collaborate with classmates, and the curriculum documents direct that students should present 

their interpretations and explanations through individual or group presentations (MET, 2000; 

MEY, 2003). One Grade 10 teacher explained, “I always had them do the extreme weather event 

project as group research and presentation, but during the pandemic just had them submit their 

[individual] PowerPoint to me” (P9). The opportunity to learn the Weather unit SLO: “Explain 
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the formation and dynamics of selected severe weather phenomena” (MEY, 2003, p. 4.25) which 

normally allowed this teacher’s students to learn through group collaboration to promote skills 

and confidence in leading discussions, explaining, and presenting, was replaced with an 

individual online report that left students short of an opportunity to develop cooperative 

competencies. Furthermore, instructional strategies involving collaborative teamwork 

“encourage students to learn from one another and develop teamwork skills… and can lead to 

increased understanding of content and improved thinking skills” (MET, 2000, p. 23; MEY, 

2003, p. 39). Therefore, teachers can teach beyond the cluster SLOs to include GLOs and Cluster 

0 SLOs that require student interaction to achieve. Overall, these teachers’ comments suggest 

that their efforts to promote the development of scientific literacy were hindered by the loss of 

student-led presentations given the immense benefit of these presentations in facilitating student 

understanding of scientific concepts; fostering collaborative learning skills; and helping students 

develop positive scientific attitudes. 

The interview participants shared that student project work faced a similar sharp decline 

during the pandemic. For example, one stated “No projects, because you couldn’t. You could be 

sure that they wouldn’t do anything outside of whatever you had them do in class” (P1), while 

another teacher added: “Project work became less frequent because of limited number of days… 

one per unit and individual [done alone]… hands-on practical work was less emphasized, so 

projects were ultimately less emphasized” (P8). Highly valued PBL offers enormous potential to 

enhance functional scientific literacy as students investigate, collaborate and deliberate relevant 

questions that connect core curricular knowledge with procedural knowledge and skills (Croce & 

Firestone, 2020; Juuti et al., 2021), but even simple projects weren’t possible during the 

pandemic, according to these teachers. While explaining that project work was impossible or at 
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least limited during the pandemic, in part because science projects often require practical 

groupwork; another teacher expressed a contrary view: “Project work, because they had so much 

more time, some was very well done… but by keen students that probably would have been 

doing that anyway, they had more time and the ability to focus” (P5). The general message from 

teachers, was that academically motivated students pursued independent learning through the 

coursework assigned; while other students struggled to engage in remote learning because the 

practical component was excluded.  

The pandemic offered opportunity for classroom innovation, and teachers worldwide 

reported numerous positive outcomes from creative pedagogy, but these were unfortunately, 

limiting (Giordano & Christopher, 2020). Teachers were disadvantaged with the loss of a 

repertoire of instructional approaches during the pandemic: practical work, demonstrations, oral 

presentations and project work and were left with perceived inadequate alternatives. The loss of 

valuable experiential learning opportunities through real-world, place-based, co-operative 

learning was markedly emphasized by one teacher: “We weren’t allowed to do field trips… so 

the pandemic took all of that out of the equation. Big change!” (P2). As this teacher indicated, 

and in my experience as a Grade 9 and 10 science teacher, field trips are an integral element of 

science programs in many schools; and field work is supported in the Manitoba science curricula 

instructional philosophy (MEY, 2003). Providing students with authentic opportunities to 

observe, interpret and experience local scientific practices within the context of PBE, PBL or 

SSI; and to learn about, make informed decisions, or take action on meaningful local issues such 

as planting milkweed plants to support monarch butterfly populations can help them to develop 

functional scientific literacy (Anderson et al, 2020; Calabrese Barton & Tan, 2014). While Tal 

(2013) suggests functional scientific literacy is advanced through such meaningful contexts that 
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allow students to engage in their learning through cognitive, affective and social aspects; PBE 

scholars propose that scientific literacy is enhanced when students address authentic questions in 

local “places” or home communities (Kim et al., 2019), which field trips provide. Furthermore, 

while grounded in experiential and active learning theories, Anderson et al. (2020) maintain that 

opportunities for PBE promote the development of scientific literacy as students can make 

authentic and personal connections—and for Grades 9 and 10 learners who enjoy being 

physically active, perhaps to a greater degree. 

As these teachers adjusted their science instruction in response to restrictions on practical 

and collaborative work that eliminated many of their trusted approaches, most of them stressed: 

“There were more written assignments” (P4); “There was a lot more paperwork… a lot more… 

paper pencil, a lot of, on their own, you know, instead of working with a group” (P1)—revealing 

their overall recognition of the enormous impact the pandemic had on their usual teaching.  One 

teacher reflected: “The pandemic taught me just how important all the hands-on stuff is, and how 

we lost that. If you're teaching science with worksheets, then you're doing it wrong” (P9). When 

science teachers taught science and students tried to learn it by doing paperwork during the 

pandemic, versus the concrete experiences that are required to create meaning through 

observation, reflection and practice (Petersen & Kolb, 2018) they cannot achieve higher learning 

described in the BSCS 5E or 7E learning cycle. As previously noted, science education scholars 

are in agreement with this perspective (e.g., Kelley, 2020; Layton, 1991), arguing that students 

require practical action and authentic experiences to build conceptual and practical scientific 

knowledge, critical thinking, and observational skills to develop functional scientific literacy—

which cannot be taught through worksheets.  
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With limitations to learning modes and styles conducive to learning science during the 

pandemic—particularly experience and action, an elevated importance of other aspects of 

learning such as analyzing, thinking and imagining (Petersen & Kolb, 2018) became more 

suitable and teachers assigned more written work and research to teach scientific concepts. 

Although procedural skills and accompanying scientific attitudes best learned through practical 

work are largely excluded through this approach, one teacher relayed an important perspective: 

“During the pandemic, there was more research… something students could take home with 

them” (P11), illuminating the point that some learning was done in students’ homes where 

students may have engaged in some form of cooperative learning with family members, or 

through digital communication with their classmates. Furthermore, as learning activities “that 

involve student research are one of the most effective ways to individualize instruction” (MET, 

2000, p. 22; MEY, 2003, p. 39), as teachers adjusted instruction to include more research, some 

students may have benefitted. These teachers reported: “We had to change a lot of the activities 

that we did to be more individualistic” (P5); “It did give me a bit more time to focus on some 

activities that I could do, that were more individual based” (P2); and “I created some individual 

projects, that I can still use now” (P9). Although fully aware that the scientific competencies 

prescribed in the Grades 9 and 10 LOs are necessary for student development of scientific 

literacy, when physical distancing prevented collaborative work between students, some teachers 

found value in teaching different skills to their students. Bhamani et al. (2020) reported national 

findings from a study conducted in India, revealing student self-exploration and independent 

active work as useful learning strategies during the pandemic, as students accepted responsibility 

for their own progress. This study shows that at least some Manitoba teachers also continued to 

teach their students using independent instructional approaches, even though some science LOs 
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were impossible to teach. Tienken (2020) had made the compelling point that remote learning is 

so highly dependent on factors outside of school control, ‘independent learning’ could be 

considered a more suitable term for science education during the pandemic, and some Manitoba 

teachers may have agreed. The perceived benefits accompanying individual work in Grades 9 

and 10 science however, meant that student opportunities to develop some scientific literacy 

concepts, skills and attitudes were often set aside. One resourceful teacher however, enjoyed 

creative success in adapting a practical inquiry-style learning activity for individual students 

during the pandemic: 

It opened up other ways to do hands-on learning, such as à la carte labs—

individualized small-scale discovery-based labs where students are provided 

their own equipment at their desks and prompted to complete a discovery-based 

laboratory procedure (P11). 

With consideration to equipment limitations other teachers had described, alternative activities 

like this one might depend upon physical space and school resources.  

Other teachers provided another perspective, that “The pandemic forced more 

independent learning, and put the responsibility on some learners that typically, you know, 

tagged along and benefited from the leaders in their group who learned the skills and concepts” 

(P4). This view might bear relevance to students’ overall learning in science, since many 

extracurricular activities and student jobs outside of school were on hold during the pandemic 

and most students had a significant amount of independent time to invest in their learning—if 

motivated to do so. Reimers and Schleicher (2020) assert that expanding learning through online 

technologies beyond school walls, supports student development of 21st century competencies 

such as independent research and higher order cognitive skills. As the implications of 
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pedagogical shifts vary with individual student characteristics, independent learning 

opportunities might have afforded some students with very valuable learning experiences. Yet, 

the participant teachers encountered diverse barriers while adjusting their pedagogy, and at least 

one teacher struggled to provide suitable independent learning opportunities for their students: 

It was very, very hard to coordinate some kind of self-directed learning activity. 

And admittedly I wasn’t prepared with any of these beforehand, or didn’t have 

time to do it during the pandemic. So, kudos to some teachers who are excellent 

at that, and were able to coordinate something where students could do those 

self-directed activities on their days at home, but yeah for me, I wasn’t able to 

do that (P2). 

Although some teachers were unable to develop alternative self-directed learning activities, each 

teacher found ways to adjust their instruction in Grades 9 and 10 science and some reflected 

positively. One teacher shared “I find that in a way it's improved my teaching and kind of 

broadened my horizons” (P10), suggesting their professional growth during the pandemic had 

expanded into new instructional territory. Another teacher expressed a similar view, “[I am] 

more aware of the types of learners I have and how I can inspire my students” (P5). These 

teachers echoed others who described an overall increased awareness of individual student needs 

through the pandemic as beneficial to their future practice; and joined teachers worldwide who 

reported creatively improving their teaching during the pandemic, to meet a greater breadth of 

student needs (ICET, 2020). As such, these Manitoba science teachers planned instruction during 

the pandemic based on perceived student needs with curricular backing to do so (MET, 2000); 

even though more fulsome scientific literacy may not have been addressed.  
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To summarize, the Grades 9 and 10 science teachers adjusted their instruction when 

restrictions to practical learning were mandated during the pandemic, and while teachers 

perceived these alternatives were adequate to keep teaching science, they felt that their students 

were disadvantaged without hands-on learning. As discussed, the science education literature is 

clear that regular authentic practical experiences are necessary for students to acquire functional 

scientific literacy but teachers were unable to provide these for their students with pandemic 

restrictions in place—and demonstrations, oral presentations, project and collaborative work 

were similarly restricted. In their place, the teachers described greater reliance on digital 

technologies, videos, written assignments and research, as they adjusted their instruction. 

However, these alternative instructional approaches did not allow teachers opportunity to 

promote the full range of scientific skills necessary for student scientific literacy (MET, 2000), or 

to provide authentic opportunity for students to practice cognitive and metacognitive processes 

that are also required for its development (Natale et al., 2021). Consequently, these science 

teachers were hindered in their ability to advance functional scientific literacy during the 

pandemic with the alternative activities that replaced practical work.  

The complexity of teacher understanding and practice of alternative methods compared 

with in-person practical work resulted in wide-ranging pedagogical implications.  

As teachers made adjustments in their instructional approaches, most found it difficult to 

assess whether or not students were learning the scientific concepts, skills or attitudes they 

attempted to teach. This was evident in the teachers’ comments: “I really couldn’t entirely assess 

what they got out of it, because I couldn’t see what everyone was doing” (P7); and 

The whole teaching, shifted onto me, and I don’t know whether it was effective. 

It was hard to determine because we didn’t have the proper assessments, we 
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didn’t have any exams, and the tests were adjusted for the days that the students 

were there and not there (P1). 

Without the ability to more fully assess learning, teachers were lacking important information to 

support their students day-to-day, to effectively plan their lessons, to assign meaningful grades, 

or to effectively report student progress to parents. The pandemic brought an urgency for 

teachers to re-structure their assessment practices, along with their instructional practices.  

Robertson (2018) contends that effective teaching requires teachers to monitor student 

understanding while engaging students to think deeply about the topic of study. However, the 

Grades 9 and 10 teachers were in general agreement that assessments conducted during the 

remote periods of learning were particularly fraught with difficulties to accurately gauge student 

learning.  

When asked if they made changes to their assessment practices in Grade 9 and/or Grade 

10 science throughout the pandemic, the teachers described adjusting student assessment in one 

of several ways: freezing grades in March 2020; exploring new approaches and outcome-based 

assessment; using digital tools and apps; reducing emphasis on testing and exams; and increasing 

formative assessment, and assessment as learning in their practice. One teacher’s response stood 

out:  

In [spring] 2020…  Yeah, we changed some assessment practices, and then the 

next year the kids were so used to not having to do anything and just pass. It was 

quite a difficult task to get a number of them to work, even if they were away 

from school because they were sick, or for whatever reasons, or you had to shut 

down a couple of times and go completely remote again (P6). 
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As discussed earlier, participants indicated that the government’s decision to freeze grades in 

2020 created ongoing difficulties for instructing and assessing students based on standards and 

rubrics they had previously established. Participating teachers adjusted their assessment practices 

in tandem with adjustments in instruction, but assessment options were also limited during 

remote teaching as teachers were not with their students, to assess them. Furthermore, processes 

became nearly impossible to assess, as only the products were available and these were of 

questionable reliability to gauge student learning. Teachers described an evolution of their 

assessment practices to coincide with altered learning expectations throughout the pandemic, 

with a general shift in assessment summarized by one: “I don’t think we assessed as frequently at 

all as we had a reduced number of days” (P7). With greatly reduced student contact time 

throughout the pandemic, other teachers described paring down their assessment in conjunction 

with instruction yet were able to gather some evidence of student learning: “I didn’t assess as 

much. I would still issue a common test though” (P3); “Well, there’s no final exam, and there 

were no tests” (P9); and “I have simplified my assessments a lot…  Tests are all very short and 

happen more frequently, and I like that a lot, a lot” (P1). Although evidence of student learning 

is ideally gathered through multiple sources that include observations of students and 

conversations with them (Davies, 2020), during the pandemic while teachers struggled to assess 

their students in a meaningful and timely way (Audrain et. al., 2021), some of these teachers 

found value in assessing fewer products. It was further noted that concerns about assessment 

validity may have accompanied the reduction in summative assessments of each science cluster 

or topic within a course. The teachers pointed out: “For any assessment, it was very difficult to 

have a true representation of what each individual kid knew” (P4); and, 
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If I was testing online, you had to take into consideration, like what’s the 

purpose of this assessment?... If they're doing these assessments at home, what 

are you really getting? Are you getting what they know, or are you getting 

what's in their book? Or are you getting what their friend is sending them? (P9). 

Another emphasized: 

It depended greatly on if they were doing the work at home, or if they weren’t 

doing the work at home. And if the assessments were all being done at home. I 

don’t think we were getting an authentic record of what they really knew and 

what they really didn’t know. Cheating was rampant (P2). 

While teaching Grades 9 and 10 students in 2020, my colleagues and I shared similar concerns 

when some teachers became aware that students submitted work that their friends, and in one 

case, their parent had completed. One participant teacher offered the perspective that “I guess, in 

some ways, the parents learned some science during the pandemic and may have been more able 

to support their kids” (P6). 

As teachers adjusted to new forms of assessment, akin to instructional changes, others 

described value in trying new approaches. Some teachers turned to digital assessment tools, 

stating: “I think the biggest change I’ve seen is the use of different apps and how we can benefit 

from them. “We moved more to some digital formats, like Microsoft Forms for quizzes for 

example” (P2), and “I’ve learnt a lot about Quizlet and know students are using that a lot” (P3). 

One experienced science teacher said they “changed everything to be outcome-based assessment, 

as opposed to tests and quizzes and assignments” (P5). While expressing their understanding that 

school assessment practices were taking this direction in their school and in others, this teacher 

also explained that “this adjustment was very time consuming” (P5). Another teacher stressed the 
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need to look for “other ways to assess, including conversations of learning and artifacts of 

learning” (P5). While experiencing similar concerns when teaching remotely in 2020, some of 

my colleagues and I also decided that conversations with students by telephone might be the best 

way to assess general conceptual understandings of LOs taught; but as many skills and attitudes 

were not taught, they were not assessed. Although performance criteria are usually established 

between teachers and students during instructional design in alignment with provincial learning 

outcomes (MET, 2000), since many skills and attitudes LO were not taught, conversations about 

their acquisition would have been inappropriate. Another teacher added “It [assessment] changed 

a lot. It was the big takeaways, trying to get to those key essential outcomes, as to what do they 

really need for moving on” (P4). As “effective assessment is an integral part of learning” (MET, 

2000, p. 23), and “assessment methods must be valid, reliable, and fair to students” (p. 4); most 

of the teachers sought to assess what they envisioned as essential, big idea priorities, as fair 

methods during the pandemic.  

As the teachers interviewed described an overall shift to formative assessment, or 

assessment for learning; from summative assessment practices, or assessment of learning during 

the pandemic; some described an increase in assessment as learning (Davies, 2020). One teacher 

stated: 

Now there’s a lot more formative assessment and I reassess and reassess, and 

I’m trying to focus more on content mastery…. I found when giving kids an 

option of doing corrections, kids take the opportunity to do that, and that’s been 

helpful for their content mastery…. I’ve also simplified my assessments a lot 

and don’t even have tests. I’ve given kids more opportunities to assess their own 
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work, which has been helpful for them, especially those who take it seriously 

(P1). 

This teacher’s intentional adjustment to provide student self-assessments during the pandemic 

offered occasions for invaluable metacognition, a dynamic learning process integral to all five 

foundations in the senior science curricula (MET, 2000; MEY, 2003), and served an important 

goal: “To achieve the vision of scientific literacy, students must become increasingly engaged… 

in the evaluation of their own learning experiences” (MET, 2000, p. 4). Two other teachers 

described a similar adjustment, “Although the option of synchronous learning is not desirable, 

there are some lessons that were learned. For example, providing more diverse ways for online 

instruction, such as self-grading online assessments” (P11); and “Instead of assigning 

assignments for marks, I would just give them a completion mark and a key so they could self-

evaluate… that’s something I’ve certainly been using a lot more often” (P10). According to 

Davies (2020), when students are involved in their own assessment, mistakes become feedback 

they can use to adjust what they are doing and learn what to do differently next time. Allowing 

students opportunity to self-monitor, self-assess and self-regulate are important metacognitive 

skills that help students to actively engage in the learning process (Robertson, 2018), and gauge 

their learning progress (Withers & Schinske, 2016). As students set informed, appropriate 

learning goals, Davies (2020) contends motivation and achievement are also increased. Recent 

findings in science education showed that students acquired increased self-efficacy, motivation, 

persistence and retention when engaged in such metacognitive activities (Mutambuki et al., 

2020). Although the shift in practice to promote self-assessment during the pandemic was 

spurred by concerns with unreliable information about student learning from traditional forms of 
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assessment, unexpected learning benefits were the result, which may have propped student 

achievement of scientific literacy. 

Another teacher added to the assessment discourse: 

I think it [future practice] should change a lot. Really for me, the biggest 

difference has been the assessment piece. How am I assessing student learning? 

Science isn't about taking a test. I'm pretty sure there are no actual scientists out 

there who take tests all the time, I'm pretty sure they just ask questions and 

experiment and investigate. We did things a certain way pre-pandemic.… It's 

right to question what we did, and what we really actually need to do (P5). 

This reflective and transformative perspective on assessment emerging from the pandemic 

teaching experience drew upon the true nature of science itself and suggests a review of best 

assessment practices to gauge student learning in Grades 9 and 10 science is required. The Grade 

9 and 10 Manitoba Science curriculum documents provide “Suggestions for Assessment” that 

accompany each cluster SLO, which include tests, quizzes, laboratory reports, research reports, 

oral presentations, posters, pamphlets, and information technology presentations (MET, 2000, p. 

1.9). While these suggestions are not meant to be limiting (MET, 2000) they may in part be 

limiting by providing few suggestions for student self-assessment. Yet, as “teachers are strongly 

suggested to develop their own assessment for Senior Years science based on their students’ 

learning requirements and the prescribed student learning outcomes” (p. 26), Manitoba teachers 

developed a variety of assessment strategies deemed appropriate during the pandemic. Yet, while 

reflecting on their assessment practices during the pandemic, two teachers provided a  

perspective shared by several others: “I probably would have [if able to go back] done more 

formative assessments, more frequently to check in with kids, and use that opportunity to check 
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in with how they really were doing” (P1); and “I would have gathered more student input into 

how my approach to teaching the remote course could best serve my students’ needs, during a 

scary time in the world” (P2). While poignantly ruminating their pandemic pedagogy and 

revealing interest in self-assessment, these two science teachers seized the essence of the 

COVID-19 teaching experience—while teaching science was their job, it was evident from their 

interview comments that student well-being was their leading priority.  

While the creative efforts of Manitoba teachers, in harmony with other educators globally 

striving for quality teaching (Bhamani et al., 2020) pushed them to explore a variety of 

alternative and atypical instructional and assessment methods in science, these teachers 

expressed their diverse efforts to continue to teach science to their students, and to assess them 

during the pandemic. When asked about the effectiveness of alternative learning activities 

however, one teacher’s response, “It always seemed to just end up, watch this video and do this 

worksheet, which is not, in my view, good pedagogy” (P7) echoed the collective voice of most 

others—that alternatives to practical work did not allow them to effectively advance student 

scientific literacy as they were able to prior to the pandemic, but were all they could provide. 

Theme Six: These teachers reported students were less engaged in their learning when 

alternative approaches to practical learning were utilized. 

The Manitoba government’s announcement in March 2020 that “No student will be held 

back due to the COVID-19 pandemic, but students must actively engage in learning” (Manitoba 

News Release, March 31, 2020) resulted in a significantly contrary effect. The science teachers 

reported: “That simple government action allowed so many students to check out for the rest of 

the school year” (P1), and “A lot of students were disengaged from the entire learning process” 

(P11). In June 2020, approximately half of Manitoba students responding to a government 
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survey, indicated that although they were comfortable with remote learning, they did not like the 

experience (Manitoba News Releases, 2020). While most Grade 9 and 10 students enjoy learning 

science in-person according to the participant teachers, all of the teachers noted reduced student 

engagement when practical work was restricted. Examples of statements that were made are: 

“The engagement factor went way down, because the hands-on type stuff, that’s what gets the 

kids invested” (P9); “Hands-on is so important to keep them engaged and interested in science” 

(P4); and  

The buy in was not there. Reading a bunch of stuff is not the same as being able 

to experience it, and try it in a hands-on practical type way. And so, everything I 

do, I try to do with purpose of engagement and try to build in as much of that 

hands-on as possible, and it just wasn’t, it just wasn’t there (P2). 

The science education scholarship reports engagement as the first critical stage to learning 

science, as categorized in the 5E and 7E learning cycles (Suardana et al., 2018; Withers & 

Schinske, 2016). Furthermore, Petersen and Kolb (2018) highlight “experiencing” as the first of 

four modes in their experiential learning cycle, and first of nine learning styles—the intersection 

of these learning cycles in science education suggests that in order for students to experience 

science, they must first engage. But teachers struggled and one queried: 

How do you keep people engaged when they're at home on their Chromebooks? 

You know, hiding in their bed or in their closets, and they can only stay on for 

ten minutes because their bandwidth is so low that they can't use the 

Internet…so yeah, definitely the engagement factor went way down (P5). 

Other teachers shared similar frustrations which I also experienced when teaching remotely in 

the 2020 spring term, and pointed out: “In a class of 25 or 30 kids, a core five or six would be 
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online and engaged, where the rest of them, their icon was on the screen, but were they actually 

there?” (P9); “Kids could have turned on their computer and went back to bed” (P8); and, 

Talking to a screen, you have no idea what the kids’ level of engagement really 

is… numerous times you would ask questions, and there would be no response. 

So, you didn't know if they were sleeping or out of the room, or if they had 

caught what you were trying to communicate at that moment in time (P4). 

Another teacher explained, “Because students knew videos were going to be recorded, we don’t 

know if they were engaged in the lessons themselves” (P3). With student engagement greatly 

reduced during periods of remote learning when practical learning was restricted, the teachers 

were concerned with their overall ability to teach science effectively. Conveying significant 

frustration with their inability to engage their students, most aligned with one teacher who 

articulated:  

During the pandemic all those hands-on things got dropped, it’s just that rote 

learning, and not that experience, right. But how do you apply this… the stuff 

we need to do more of that is super important, just even in terms of engagement, 

and application. But that’s what really got dropped and lost (P1).  

Scholars such as Tal (2013) contend that practicing and applying authentic science in 

meaningful contexts fosters student engagement through cognitive, affective and social aspects 

to promote functional scientific literacy. Although teachers worldwide reported a need to bolster 

student engagement during the pandemic (Reimers & Schleicher, 2020), as one participating 

teacher emphasized, “Kids who really needed that hands-on, and even the social interaction with 

discussions” (P10) were not afforded opportunity. “Science engagement involves taking risks, 

spontaneity, motivation, and creative action” according to Valladares (2021, p. 567), but teachers 
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didn’t even know if their students were tuned in during online instruction. Yet, they tried their 

best to engage students, as one described during a hybrid period with some in-class learning: 

I created a project during the pandemic for the students to do, when they were 

able to engage with each other because they had to get their data from their 

classmates… it was interesting for them, because then they were actually 

engaging with their classmates (P3). 

From my experience, while Grades 9 and 10 science teachers value student cooperative work to 

promote the development of important conceptual understandings, skills and attitudes in many 

curricular LOs, as scientific comprehension and reasoning skills are known to improve through 

experiential engagement (Beauchamp et al., 2021); they also value its positive influence on 

student engagement and overall importance for scientific literacy. Moreover, PBL and PBE 

scholars suggest placing students in the center of the learning process where they can engage in 

science practice, is key to developing scientific literacy (Crujeiras-Pérez & Jiménez-Aleixandre, 

2017; Kim et al., 2019). This seems to have been the result of this participating teacher’s small 

project. As student engagement remains central to the enduring definition of scientific literacy in 

science education discourse, partnered with meaningful learning, and context-driven, relevant 

student-centered activities (Loughran, 2011), the few opportunities afforded to students for 

interactive learning during the pandemic, were likely invaluable. Another teacher described 

creatively adapting practical learning activities to engage students whenever opportunity 

allowed:   

During the pandemic… I had the Grade 10s do a design project… and they had 

to design a car. We actually had races and the kids loved it, like they absolutely 

loved it! I had a couple of students in particular who were just so checked out. 
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And then when they were actually doing something, they’d get involved in the 

discussion and were coming up with ideas and thoughts that were great… and 

this is why we need to be doing this because some of these kids need it! Like 

they need it! (P3). 

Hong et al. (2018) contend that science education should foster a student-centered learning 

atmosphere and promote experiential learning through design-oriented or project-based tasks; 

and as this teacher emphatically pointed out, Grades 9 and 10 students need such learning 

experiences—not only to develop technological problem-solving skills and attitudes (MEY, 

2003), but to engage in their learning. Petersen and Kolb (2018) inform that “learning is present 

in every life experience and is an invitation to be engaged in each experience” (p. 230) and while 

experiencing [science] is the source of learning [science], the kinesthetic elements of design and 

competition excited students to engage in this learning activity. As science educators introduce 

new technical and procedural skill-building experiences, student thinking extends beyond 

cognitive operations and scientific concepts, greater understanding of science is achieved, and 

scientific literacy is advanced (Allchin, 2014; Croce & Firestone, 2020; Hodson, 2014). 

While these teachers described some success engaging students in their learning, most of 

the teachers shared concerns with student engagement throughout the interviews: 

I feel like kids have become disconnected with their learning. I think, because 

they became more isolated. A number of kids struggled with attendance, because 

it became very easy to fall off the grid… so I think that caused a greater number 

of kids to not connect with school, for sure (P5);  

and, “When they were all isolated, I know a lot of the kids said to me, I just don’t care about 

anything anymore… so they just kinda lost some, some will there” (P2). According to scholars, 
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students disengaged from schools, disconnected with their learning, and scientific literacy was 

hindered during the pandemic as distractions and anxiety increased, and motivation decreased 

(Driessen et al., 2020; Gillis & Krull, 2020; Reimers, 2022). The overwhelming loss of interest 

and resulting impacts were validated by Valladares (2021), who explained that “science 

engagement is a multidimensional concept that comprises, at least, three components: (a) The 

behavioral, which refers to participation in science or science-related activities, both formally 

and informally; (b) the emotional, which embraces (positive or negative) affective responses to 

science, but also attitudes in science, including interest, boredom, happiness, sadness, and 

anxiety; (c) the cognitive, related to the extent to which students are willing to develop science 

concepts and skills, their motivation, self-regulation, and their interest and investment in learning 

and schooling” (p. 567). Without practical work, students’ behaviors changed, as many lost the 

motivation to participate; attitudes changed, as some lost the excitement of doing science and 

were bored; and some likely did not advance cognitively when uninvested in alternative learning 

activities requiring them to mainly do paperwork and work independently.  

With regard to assessment, Davies (2020) points out: “The research is clear. When 

students are involved in the classroom assessment process, they become more engaged in 

learning” (p. 55)—and as some of these teachers had invited their students to participate in the 

assessment process, perhaps engagement was enhanced in some cases. However, synchronous, 

remote, and independent learning activities during the pandemic generally reduced student 

engagement in science. One teacher offered their insights into the underscoring challenges: 

I think that’s the hard part, right? The students still have to be willing to connect 

to it right. It’s what makes Grade 9 and Grade 10 science so tricky because you 

have to acknowledge that you have students in your class that are not interested 
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in science, and they're not destined to be scientists. The biggest question to me is 

always, are the students learning from this… and you have to know them well 

enough to try and pique their interest, but certainly, if it’s remote learning you 

don’t get that opportunity (P10).  

As students come from a variety of backgrounds and bring different approaches to thinking and 

learning along with diverse knowledge and experience, “it is important for teachers to activate 

prior knowledge [and to] encourage students to relate new information to prior experiences” 

(MET, 2000, p. 3). However, whether or not students arrived in Grade 9 or 10 science with 

relatable knowledge and experiences, the teachers stressed practical work as a necessary 

component to pique student interest and learning in science, as students are “more engaged when 

they're actually doing something” (P9); and moreover, “for some of those students less engaged, 

unless you were doing something hands-on, those students probably got a lot less out of it” 

(P10). While the Manitoba science curriculum documents indicate “a science education that 

strives for scientific literacy must engage students in answering questions, solving problems, and 

making decisions” (MET, 2000, p. 9), post-secondary scholars reported that students in STEM 

courses had great difficulty engaging in these processes during remote learning (Chen et al., 

2020). Additionally, although engagement in hands-on manipulation of materials and equipment 

is vital to learning chemistry for instance (Chen, 2022), and experiential engagement is 

paramount to grasping the nature of science and critical thinking of authentic scientific practice 

(Watts et al., 2022)—when unattainable in remote Grades 9 and 10 science education, these 

teachers found that their students were disengaged.  

As teachers continued to teach science while students were largely disengaged, one stated 

“I've reduced my expectations of students during the pandemic, because of the lack of 
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engagement and consistency in their attendance” (P5). This is likely to have had unfortunate and 

considerable implications for their science learning. Moreover, “to achieve the vision of 

scientific literacy presented in the Manitoba science curriculum documents, students must 

become increasingly engaged in the planning, development, and evaluation of their own learning 

experiences” (MET, 2000, p. 4)—yet these teachers observed that most were less engaged, and 

some students did not attend or participate in online learning. Furthermore, these documents 

indicate ‘the development of scientific literacy is supported by instructional environments that 

engage students in scientific inquiry, technological problem solving, and decision making” 

(MET, 2000, p. 4), but when teachers taught Grades 9 and 10 science with alternative learning 

activities that replaced practical work during the pandemic, students missed out on opportunities 

to engage in such instructional environments, arguably impacting the development of their 

scientific literacy. 

While some Grades 9 and 10 science students were engaged in their learning and others 

were not, one teacher offered an important perspective: “I’ve never seen better and never seen 

more needs at the same time… the spread widened. A higher percentage of kids [were] 

struggling” (P5). Another teacher offered insights into this spread: 

You have to split the students up into two groups. There were the students who 

are already academically motivated in science, and if they had to be at home, 

they were still completing all of their work, reading what needed to be read and 

watching when I was broadcasting. But then take the larger chunk of students 

who maybe weren't interested in science or interested in school in general, and 

they're not in the classroom, so they're not going to do anything at home. Um! 

Those kids would definitely be more affected (P1). 
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The perspective that students were either minimally or significantly impacted by their level of 

engagement during the pandemic suggests scientific literacy outcomes were variable for 

Manitoba students. Another teacher added to this discussion:  

I think you can really tell the kids that are, two years of nothing compared to the 

kids that were engaged in doing a lot of things and probably might have 

benefitted from the fact that they were left on their own a little bit to explore and 

do things. I can teach a lesson now, and I've got kids that are like, yeah, I know 

all this already because I was reading a book or watching videos or doing stuff 

(P6).  

I share this perspective, as when teaching Grades 9 and 10 science remotely in spring 2020 it 

became clear to me that students naturally fell into two groups: those who remained engaged in 

learning science through this mode of instruction, and those who did not. The enormous task of 

teaching science during the pandemic seemed difficult enough when students were invested in 

their learning; doing it when they were not was even more challenging.  

While learning to teach in a remote environment and striving to maintain student 

engagement in learning when course grades and credits were previously assigned, Manitoba 

teachers required creative instructional approaches. As previously discussed, instructing Grades 

9 and 10 science learners without practical work was challenging for these teachers, and they 

described alternative instructional strategies to foster student engagement in the remote 

environment such as: emphasizing topics of student interest; teaching LOs of lower cognitive 

value; assigning independent project options; incorporating various forms of student self-

assessment; and inviting students to explore novel digital tools and programs in a variety of 

learning activities. While digi-pedagogy innovations helped some teachers to enhance 
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instructional design and prop student engagement during the pandemic (Lavonen & Salmela-

Aro, 2021), despite their attempts with these and other diverse alternatives, the teachers 

interviewed were unable to engage some of their students. Coincident with an increase in 

inequitable student impacts confirmed in several OECD (Organisation for Economic Co-

operation and Development) countries (Reimers, 2022), teachers globally faced similar 

challenges during pandemic periods of instruction and were unable to support the engagement of 

all learners, especially students with special needs (Lavonen & Salmela-Aro, 2021). While 

teachers’ concerns for their students extended beyond their academic success during the 

pandemic (Audrain et al., 2021), these concerns were exacerbated when previously marginalized 

or vulnerable students were disengaged with learning science. One of the participant teachers 

seemed quite emotional when stating: “I lost a few students before the end of the school year 

[2020]. They had other things going on in their lives that took precedence” (P3). As Valladares 

(2021) explained, when students engage in learning science, they can develop a more intense 

relationship with science in their everyday lives, which can in turn foster personal and collective 

agency to apply scientific knowledge to cope with the challenges of the 21st century. It seems 

highly likely that when students do not engage in learning science, functional scientific literacy 

cannot be achieved, and they are ill-equipped for these challenges.  

As Osborne and Pimentel (2022) contend formal science education cannot provide 

students with all the knowledge they require to evaluate science that is yet to come or future 

challenges not yet conceived, the loss of appropriate learning opportunities and resulting student 

disengagement meant enduring impacts for some: “Some kids who would have become more 

interested in science and maybe tried to go on in it, just kind of lost interest” (P5). The potential 

implications of ongoing disengagement in science to the development of student scientific 
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literacy are substantial, as Valladares (2021) explains that students who engage with science are 

more invested in discovering and participating in scientific processes and issues; and experience 

increased motivation to take action and creative agency. Furthermore, when student engagement 

promotes action to mitigate relevant SSI, science is humanized, and students have opportunity to 

think critically about science as they “deal with scientific experience in a complex society” 

(Valladares, 2021, p. 568). However, during the pandemic, these teachers learned such outcomes 

were not possible, as some in-person activities have no parallel online for engagement.  

As inequities increased for all students during the pandemic, teachers’ concern for 

academically motivated students were voiced when routine opportunities to extend science 

learning beyond their Grade 9 and Grade 10 courses were lost. Opportunities for science 

enrichment through a lunch hour environmental science club, and after-school opportunities to 

pursue research projects with scientific mentors were unavailable during the pandemic. One 

teacher stated: “My super keen and engaged science kids kinda lost momentum when that stuff 

disappeared, and I’m not sure they had the chance to pick that up again” (P2). I can relate to this 

teacher’s perspective from my pandemic teaching experience, when my 32 science students 

involved in off-site scientific research were unable to finalize their projects and compete in the 

Manitoba Schools Science Symposium which was cancelled in spring 2020. While most of these 

students were engaged with professional scientists or research mentors and on a trajectory to 

continue innovative scientific research throughout their high school years, none were afforded 

this opportunity. When authentic science learning opportunities routinely provided by some 

Grades 9 and 10 teachers to enrich science learning beyond the classroom came to an abrupt 

stop, it seems likely some students lives and future options were impacted.  
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Moving forward from the COVID-19 pandemic with a lens on the breadth of student 

impacts, one teacher reported: 

Kids who really, really needed to be in school, like they missed their peers, they 

missed being in the building, I can now see them more engaged with school 

community and wanting to be here, and happier to be here (P5). 

While noting increased student engagement and benefits to well-being with a return to in-person 

schooling, another teacher offered a contrary view: 

Now that kids are back in the classroom, what I’m seeing as the biggest hurdle is 

kids re-engaging in full time learning where they have to focus. And I certainly 

say it impacted their practical learning extensively (P10).  

This teacher’s perspective that student disengagement during the pandemic resulting from the 

lack of practical work to learn science imposed an ongoing impact to future engagement— 

suggests the potential implications for student development of scientific literacy might extend 

beyond the defined pandemic period.  

Theme Seven: These teachers perceived student learning gaps resulted from limited 

opportunity to learn science through alternatives to practical work during the pandemic; and 

perceived scientific literacy gains for Grade 9 and 10 students were inferior to those previously 

achieved. 

Teachers described the impacts of pandemic restrictions on practical work they value for 

teaching science to center on two key factors aligning with the relevant scholarly literature: the 

elimination of authentic experiential learning opportunities that are crucial to engage Grade 9 

and 10 science students in their learning; and the loss of student co-operative learning 

opportunities which critically support practical learning in science. The potential implications of 
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each on student development of scientific literacy during the pandemic are in themselves 

prominent, but together, I think they are of striking concern.  

“It had an impact for sure” (P3) one teacher crisply replied when asked about the loss of 

practical work on the overall development of student scientific literacy during the COVID-19 

pandemic. As these teachers offered their account of observable gaps in the development of 

student scientific conceptual understandings, procedural knowledge, and attitudes during the 

pandemic, all expressed disappointment with their ability to advance student scientific literacy to 

a comparable level achieved pre-pandemic. During the pandemic, scholars found that teachers 

had difficulty advancing functional scientific literacy across all levels of school science 

throughout COVID-19 (Maia et al., 2021). The data I gathered suggests that the functional 

scientific literacy of students in these teachers’ classrooms was also impacted. The science 

education scholarship conveys that scientific literacy is impacted when practical learning 

opportunities are restricted (Babinčáková & Bernard, 2020; Yan et al., 2021). One teacher, 

emphasizing a common pandemic teaching experience stated: “Lab work was non-existent, and 

students suffered from that because they didn’t get that hands-on experience at all” (P7). 

Scholars have stressed the magnitude of impact on students’ learning when practical work is 

missing (e.g., Patra et al., 2021); and the three kinds of learning Hodson (1993) proposed that 

science brings about: enhanced conceptual understanding; enhanced procedural knowledge; and 

enhanced investigative expertise were conjointly impacted when students missed out on hands-

on learning. One teacher shared the view that: 

I think probably the biggest thing is that their skills are not there. For example, 

last year, when I had Grade 11 chemistry, the kids were not at the level that I 

normally have them… they didn’t have all of the lab skills. By Grade 11 and 12, 
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I expect that they know how to use a graduated cylinder correctly to measure 

things, and all the different equipment. But they didn’t really have an 

opportunity to do much experimenting (P2). 

These Grade 9 and 10 science teachers, like myself, observed how restrictions to practical 

learning in Grades 9 and 10 science negatively impacted students’ ability to learn science—most 

prominently in the development of procedural knowledge. Using a graduated cylinder is a basic 

lab skill that Grade 9 and 10 science students should learn, and one that most achieve with 

significant opportunity to practice in the Grade 9 Atoms and Elements cluster and Grade 10 

Chemistry in Action cluster. Before the pandemic I had routinely noticed many of my Grade 9 

students showing proficiency applying this skill in lab work at the start of each course. But with 

practical work restricted during the pandemic, I was not surprised when students entering Grade 

9 or 10 science (after learning science in earlier grades during the pandemic) arrived with fewer 

skills, and deficits in their procedural and conceptual knowledge.  Thus, some Grade 9 and 10 

teachers were in a starting position with new students unlike previous years, where catch-up was 

required before they could begin to teach the concepts, skills and attitudes within the course. 

This experience is consistent with the literature. For instance, a 2022 study by Chen showed that 

technical skills were marginally attained through remote learning during the pandemic; while 

other scholars reported alternative remote approaches to practical work could not provide 

adequate learning activities for practical skills (Chadwick & McLoughlin, 2021; Rossettini et al., 

2021). If the Grades 9 and 10 students began their science course with an inadequate skill base 

from earlier grades, being taught through alternative learning activities had the potential to 

significantly exacerbate these deficits.  



260 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

As noted, while the Manitoba high school science curricula are concerned with students 

acquiring knowledge, the standards are also concerned with the development of skills and with 

effecting a change of attitude (MET, 2000; MEY, 2003). Data from this study suggests that many 

scientific skills and attitudes were unattainable through remote instruction. As previously shown, 

teachers could not teach some of the foundational GLOs such as “demonstrate curiosity, 

skepticism, creativity, open-mindedness, accuracy, precision, honesty, and persistence, and 

appreciate their importance as scientific and technological habits of mind”; or “work 

cooperatively and value the ideas and contributions of others while carrying out scientific and 

technological activities” (MET, 2000, pp. 9-12: MEY, 2003, pp. 9-13); nor could they teach 

some Cluster 0 Overall Skills and Attitudes such as “carry out procedures that comprise a fair 

test”; “work cooperatively with group members”; “demonstrate confidence in their ability to 

carry out investigations in science”; or “demonstrate personal involvement and be proactive” 

(MET, 2000. pp. 0.3-0.7; MEY, 2003, pp. 0.3-0.7). However, as one of the participating teachers 

pointed out, “Hands-on experimentation as well as group work, that social aspect of doing 

experiments together and helping each other out… was lost” (P10). Scholars like Hodson (1993) 

contend that scientific practice is socially constructed, and when student participation and the 

development of scientific literacy are compromised many critical collaborative skills are 

unattainable. One teacher reported: 

They [students] lost out on a lot of knowledge that they’re now having to catch 

up on. Like learning Grade 12 biology without even knowing the basics from 

Grade 9. We’re seeing a lot of those kinds of issues surfacing, a lack of 

collaboration skills… there has been a huge disconnect in their education, 

unfortunately (P9). 
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Science teachers such as this one recognized that the critical collaborative element of doing 

science that accompanies practical work and is prominent in the science education literature, is 

irreplaceable. As Natale et al. (2021) suggested, when teachers replaced practical and student 

cooperative work during the pandemic with alternative learning activities to keep staff and 

students safe, the impacts on learning were expected to be complex. One science teacher 

proposed that alternative forms of instruction meant “Many skills were not acquired because 

there were a lot of teacher-led discussions” (P7). Although Anderson et al. (2021) reported many 

teachers were able to successfully create new learning activities to replace traditional ones while 

emphasizing increased participation and collaboration, these Grades 9 and 10 science teachers 

were less able to do so when practical, collaborative learning opportunities were restricted. Other 

teachers added: “I have kids that have so very little knowledge, and they struggle with being 

independent” (P5); “Definitely now, during the pandemic there’s less of an ability of 

independent work… I find that [students] are less confident and require, many more frequent 

check-ins” (P2); and “They really struggle with any type of schoolwork at home. Literacy has 

gone down…also that ‘stick-with-it-ness’, the kids are a little bit more discouraged” (P9). As 

Natale et al. suggested, the impacts were indeed complex, as student interactive and independent 

skillsets were both compromised. Another teacher stressed: 

We need to help students develop independence so they're not answering 

questions that should be pretty common for Grade 9s to know about - how to use 

a tool, how to take a measurement, how to write a comprehensive response 

based off of a hypothesis that you would develop from your lecture notes (P1).  

Teacher observations of inferior skills and attitudes align with the general view found in the 

scholarly literature that student confidence and independence suffered when practical subjects 
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were taught remotely during the pandemic (Kochhar et al., 2022), and that online learning might 

deprive students of independent thinking (Dong et al., 2020). Without opportunities to teach 

many LOs requiring experiential and active learning where students are doing things, thinking 

about what they are doing, and communicating their thinking (Robertson, 2018), teachers 

indicated that they were less able to advance scientific literacy skills and attitudes as they had 

been able to prior to the pandemic.  

While clear that learning science through alternative methods impacted the development 

of student skills and attitudes, the teachers also shared a common perspective regarding impacts 

to the acquisition of conceptual knowledge. The importance of practical work for learning 

science concepts was emphasized in their comments: “During the pandemic students suffered… 

they might have had gaps, or they still learned the content but it didn’t really sink in as much as 

when they would do a follow-up lab” (P10);  

I feel like the students didn’t get as much out of it, like I don’t know if they’re 

going to retain as much versus if they learned about the topic I was teaching, and 

then did something hands-on with it. They’re going to remember doing that 

hands-on thing, and then they’re more likely to understand the concept (P9); 

And, 

It would be a bit of an understatement to say learning did not suffer… without 

the practical component it’s hard to say how much actually stuck. I just don’t 

think they’re going to retain as many of the concepts if they didn’t have some 

sort of practical work that they did with it, after learning about it (P1).  

These teachers’ views that their students suffered and were left with conceptual gaps when 

learning science without practical work shadow scholars’ beliefs that greater understanding of 
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science is achieved when technical and procedural skills are developed through hands-on 

laboratory experience (Ożadowicz, 2020), as experiential engagement improves scientific 

comprehension and reasoning skills (Beauchamp et al., 2021; Yang et al, 2021). While studies 

comparing experiential learning to lecture based learning in STEM courses confirmed that 

hands-on learning positively correlates with enhanced academic achievement (Anderson et al., 

2020; Cohen Zilka, 2021), the teachers interviewed corroborated, noting the absence of hands-on 

learning correlates with decreased academic achievement: “I would say they are a lot weaker, 

academically” (P7). Other teachers added, “I think that they have declined in their overall 

achievement, because a lot of the retention and knowledge that I’m seeing in older kids is not 

where I would expect them to be” (P3); and, 

While alternate learning activities, helped a little bit… it was certainly not to the 

extent they would have got with hands-on learning. And so, seeing what a lot of 

my Grade 9s and 10s are trying to accomplish in Grade 11 and 12, you get to see 

a lot of gaps, and you're teaching them things that you would have hoped that 

they would have learned in Grade 9…. There's definitely some consequences 

(P1).  

Evidence to support these consequences might be found in the 2022 Programme for International 

Student Assessment (PISA) scores for 15-year-old students in the domain of science (Huillery, 

2025). While the core domain assessed by PISA 2022 was math, data for science was also 

collected from 29 million students in 81 participating OECD countries (Crato & Patrinos, 2025). 

PISA provides strong evidence that learning losses from the pandemic exist across multiple 

grade levels, and although these varied globally, students in most OECD countries 

underperformed in science (Gajderowicz & Jakubowski, 2025; Huillery, 2025). While Tire 
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(2025) describes a downward trend in the domain of science for students in Estonia, Herrera-

Pavo et al. (2025) describe notable setbacks in science for Grade 10 students in Ecuador while 

emphasizing physics concepts such as position, direction, and speed—Grade 10 science concepts 

also taught in the Manitoba In Motion cluster. Furthermore, Oates (2025) pointed out that for 

students aged 13-14 who experienced learning loss caused by interrupted learning in England 

during the height of the pandemic in 2020-2021, the impact was distinctive. As Manitoba Grades 

9 and 10 students of comparable age learned comparable science concepts with other students 

internationally during the pandemic, the distinctive impacts described by the participant teachers 

in this study might align with observations of teachers worldwide. It is interesting that most 

nations including Canada and the US saw student achievement in science as measured by PISA 

2022 fall below pre-pandemic levels, but while US students performed poorly, Canadian students 

ranked seventh among the 81 participating countries (Hanushek & Strauss, 2025). 

Kuhfeld et al. (2022) reported educational consensus that the pandemic had negatively 

impacted student achievement but that the ultimate effects and impacts of the pandemic 

disruption to learning are difficult to ascertain. Kuhfeld et al.’s proposal that student performance 

might reflect the loss of curricular content and learning opportunities resulting from school 

disruptions, aligns with observations of teachers interviewed in this study and their concern for 

ensuing student impacts. While estimates of the decline in student academic achievement from 

various countries range from minimal effects to a full year of educational setbacks (Gajderowicz 

& Jakubowski, 2025), Reimers (2022) confirms complex and unknown consequences for 

students, and their potential for educational attainment following learning losses in knowledge 

and skills during COVID-19. According to one participant teacher, “It could be like a half-

generational impact while we wait for all the kids to get caught up for the two and a half years 
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that they missed out” (P10), corroborating Oates (2025) suggestion that for students in England, 

this means carrying some degree and form of pandemic impact throughout the rest of their 

schooling, to the mid-2030s. 

For Manitoba students enrolled in the next levels of science, deficits in conceptual 

understanding from learning science through alternative approaches in Grades 9 and 10 when 

practical work was restricted meant catch-up work was required. All participating teachers 

expressed this view. One stated, “I’ve got some kids in my Grade 12 biology class who did their 

Grade 9 or Grade 10 biology, and don’t really have anything, it wasn’t covered. Or they didn’t 

get it … I am seeing some gaps in the higher levels” (P2). Another teacher explained, 

I was able to see this afterwards, because I’m teaching Grade 11 chemistry and 

physics. I think the performance during the pandemic suffered, and consequently 

also suffered for the higher, Grade 11 and 12 science courses for the students 

that continued on with those, not just based on content, but basic skills and 

abilities too. Yeah, definitely suffered. I would say critical thinking. You can see 

it in their abilities now in the higher-level sciences (P5). 

Collectively, as these teachers revealed the significant breadth of student learning gaps, their 

views were echoed by others: “Through the pandemic, yeah, I would say that all [problem 

solving, critical thinking or decision-making abilities] got quite a bit worse” (P10). As scholars 

and science teachers alike appreciate that functional scientific literacy is continuously developed, 

in small steps through the interconnection of critical thinking, self-awareness-raising, critical 

positioning, and decision-making (Allchin, 2014; Almeida et al., 2022), observable setbacks in 

the development of scientific literacy skills in Grades 9 and 10 were concerning.  
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Most of the teachers centered the interview discourse on student learning impacts for 

those in pursuit of higher levels of science, while fewer focused on impacts for those ending their 

formal science education in Grade 10. Numerous concerns about the next steps in science were 

voiced:  

They [students] just had a two-year mental break in a way where they weren't 

using their brains the same way as they always did, and I think we can't expect 

the same level of performance right away that we would have seen, and I think 

it's going to take a couple years (P1); 

 “Students have lost two years plus of science learning, right? They don’t know how to 

ask questions or investigate and experiment the same way they used to” (P4); and “I 

think there are going to be a lot of disadvantaged students going forward over the next 

few years, just because of what the pandemic has done to science education, 

unfortunately” (P8). The teachers were clear—they felt that learning science during the 

pandemic resulted in student gaps in scientific conceptual knowledge, procedural skills 

and attitudes they consider important to success in higher levels of science. While Crato 

and Patrinos (2025) propose some cognitive losses are difficult to regain, two 

experienced science teachers suggested, 

Many students do want to take higher-level sciences or they had the intention of 

taking higher level sciences before the pandemic. I'd say about half would get 

through okay, and be able to either catch up or learn independently (P9); 

and, 

I would say it's definitely hindered it a little bit but didn't completely cause all 

students to suffer…. Some students studied on their own or were good at 
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studying on their own in the first place, or maybe they were great at catching up 

(P7). 

As the teachers of higher-level science courses observed substantial gaps in student knowledge 

despite their extensive efforts to provide effective alternative instruction in Grades 9 and 10 

science throughout the pandemic; it follows that students ending their high school science 

education in Grade 10 would be left with equivalent, or even greater gaps given their limited 

interest in pursuing science beyond Grade 10. Considering Valladares’ (2021) perspective that 

scientific literacy is a gradual, measurable, discretionary concept, the impact of an inadequate 

end to learning critical scientific literacy competencies cannot be measured. Developing 

functional scientific literacy during the final two years of mandated science learning in Manitoba 

is a particularly opportune period of time for all students; but for students ending their formal 

science education at this stage during the pandemic, perhaps a final opportunity lost. Gonçalves 

and Capucha (2020) had reported the cessation or postponement of hands-on learning during 

COVID-19 to be responsible for major irreversible losses in learning, and as the teachers pointed 

out: “A lot of our Grade 10s have chosen not to take any more science classes” (P3); “The kids 

that were done at the end of Grade 10, they're definitely missing some of the evaluation of day-

to-day science, like being able to read the newspaper and understand what's going on” (P5), and, 

I know, Grade 10 science is the last time you could take science, but I mean, the 

fact is that science exists around us all the time, and even if it's not the topic 

that's of interest to you for university, there are still those skills and attitudes that 

are important to everyday life (P10).  

While the Manitoba science curriculum documents direct that science education will provide 

students with “a proficiency in science that creates opportunities for them to pursue 
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progressively higher levels of study to prepare them for science-related occupations; [and] 

develop in students of varying aptitudes and interests a knowledge of the wide variety of careers 

related to science, technology, and the environment”; they also direct teachers to: encourage 

students at all grades to develop a critical sense of wonder and curiosity about scientific and 

technological endeavours; enable students to use science and technology to acquire new 

knowledge and solve problems so that they may improve the quality of their own lives and the 

lives of others; prepare students to critically address science-related societal, economic, ethical, 

and environmental issues; and to create opportunities to engage [students] in science-related 

hobbies appropriate to their interests and abilities (MET, 2000). Moreover, as the vision for 

scientific literacy in the documents indicates diverse learning experiences are required to 

“provide students with many opportunities to explore, analyze, evaluate, synthesize, appreciate, 

and understand the interrelationships among science, technology, society, and the environment 

that will affect their personal lives, careers, and their future” (MET, 2000, p. 2), many lifelong 

skills and attitudes are typically developed in Grades 9 and 10 science. Of little surprise, Heng et 

al. (2022) found that study during COVID-19 may disadvantage students when compared with a 

‘normal’ education, as experiences with scientific inquiry, technological problem solving and 

decision making that are required for students to consider the significance of science in their 

lives, were drastically limited during the pandemic. Yet, Price and McNeill (2013) contend 

students require functional scientific literacy to live and function in today’s world; and to make 

informed and personal decisions on societal issues that science education scholars such as Maia 

et al. (2021), Natale et al. (2021), and Osborne and Pimentel (2022) believe all students should 

be equipped to understand. One of the teachers however, shared the view, “If they’re going to go 

on into a trade or something practical or have other plans after graduation, then I don’t think in 
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the grand scheme of things it’s going to make a big difference in their life” (P3). From my 

perspective, if students miss out on learning critical attitudes and skills to evaluate scientific 

issues in society and in their personal lives, such as making informed choices regarding their 

own vaccinations for instance, the impacts might be great regardless of their future employment 

plans. In order for students to learn how to live meaningful lives and careers and participate 

actively in society as functionally scientific literate citizens, they require learning opportunities 

to relate and apply their scientific knowledge in their everyday lives (MET, 2000)—a point 

accentuated by Suardana et al., 2018, Bencze et al., 2020, Maia et al., 2021, among others.  

During the pandemic, the teachers were clear: “I would say, the students who did Grade 9 

and 10 science pre-pandemic were more scientifically literate than those that are doing 9 and 10 

during, or since” (P11). Aligned with Hanushek and Strauss (2025) who are doubtful that the 

average student did better than they might have without the pandemic, all of the teachers shared 

a similar perspective: 

There are definitely way more gaps that exist… if you were to take a look at the 

kids that are graduating this year [June, 2023] that were in Grade 9 at the start of 

the pandemic, I don't believe that they have the full set of skills and knowledge 

that a typical kid would have (P2). 

While assessing their students, these teachers bared the critical element scholars emphasize as 

crucial for learning science—that in order to learn science, students need to experience science 

(e.g., Agarkar, 2019; Withers & Schinske, 2016; Yang et al., 2021). Moreover, scientific literacy 

is best achieved when students have authentic opportunities to unite conceptual and procedural 

knowledge as scientists do (Hodson, 1993); to conduct research, practice skills, think critically 

and reflectively, and to make higher order decisions (Duran et al., 2016); and to develop a more 
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intense relationship with science that Valladares (2021) suggests is necessary to cope with 

everyday life and the challenges of the 21st century. However, without these authentic 

opportunities during the pandemic, deficiencies in a variety of important elements required for 

functional scientific literacy might directly influence the ability of students who were in Grades 9 

and 10 during the pandemic to critically navigate science and technology in their lives; claims 

made by scientists, governments and organizations; and scientific issues reported in the media, 

for an ongoing but undetermined period of time. Furthermore, according to one teacher, 

If we're trying to put a bunch of people out there that have general science 

knowledge, so they know how to function in society and understand climate 

change and that Earth is a sphere and not flat, and we're trying to suggest that 

society should know better, well then, we need to be making sure that our 

science education system reflects that (P10). 

Two other teachers emphasized, “There’s a lot of information out there, and I think critical 

questioning is more important now than it's ever been” (P5); and “The urgency of rediscovering 

science is there” (P4). As revealed throughout the interview discourse however, while the Grades 

9 and 10 science teachers adjusted their programs with creative agency, alternatives to practical 

work did not provide them opportunity to effectively advance scientific literacy. Yet, while 

embracing their professional goal to provide an effective learning environment for students to 

develop scientific literacy concepts, skills and attitudes; the teachers acknowledged its secondary 

ranking to their role as professional caring educators of Grades 9 and 10 students experiencing 

the COVID-19 pandemic: 

At the start of the pandemic, it was very hard to have any expectation for any 

sort of scientific literacy. I can model it. I can talk about its importance. But 
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there was just so much other stuff going on in the world and around them and in 

their families… it was really hard to say this is the number one thing you should 

be worried about, like that was really hard (P1). 

In summary, although the pedagogical priorities of Manitoba Grades 9 and 10 science 

teachers extend beyond the scope of this study, the Phase II data offered significant insights into 

the perceptions and beliefs grounding their efforts to teach science and to advance student 

scientific literacy during the pandemic. Moreover, the findings suggest that the performance and 

achievement of Grades 9 and 10 science students were significantly impacted by numerous 

barriers limiting the teachers’ ability to advance scientific literacy, most notably the loss of 

practical, collaborative work—which likely resulted in inferior scientific literacy outcomes for 

students compared with those observed pre-pandemic.  

Summary of Phase II Findings 

The Phase II interview data was helpful to expand and explain the Phase I survey data, 

and to address the Phase II research questions and main research question guiding this study.  

Initial analysis of the Phase II data led to the development of 38 codes and six code 

groups (see Appendix E), four sub-categories, and three descriptive categories: Factors 

underpinning the priorities of Manitoba Grade 9 and Grade 10 science teachers’ curricular 

content and approaches during the COVID-19 pandemic; Dynamics of teaching Grade 9 and 

Grade 10 science during the COVID-19 pandemic; Perceived learning impacts for Grade 9 and 

Grade 10 science students during the COVID-19 pandemic. Seven themes were established from 

the interconnections identified between the three categories and were used to guide the Phase II 

analysis to address the Phase II research questions. 
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Data from the Phase II interviews revealed that these teachers’ personal and professional 

lived experiences guided their pedagogical decisions regarding what and how to teach their 

students, and their experiences teaching Grade 9 and Grade 10 science prior to and during the 

pandemic were extremely different. Teachers highlighted numerous challenges accompanying 

the sudden shift to remote teaching while emphasizing difficulties associated with new 

technologies required to teach remotely that hindered their ability to teach science. Teachers also 

stressed the dramatic shift in science pedagogy to teacher-centered instruction amid restrictions 

to practical work, which intensified their workload and struggles to elicit and maintain student 

engagement. These challenges were ongoing for teachers, however frequent changes throughout 

different pandemic periods and instructional modes complicated their decision-making regarding 

what to teach, and how to teach it.  

Teachers described a necessary shift in priorities during the pandemic to teach fewer 

units and LOs to their students, and to modify learning expectations when restrictions limited 

their ability to teach their usual programs through practical and collaborative student learning 

activities. Unit and LO teaching priorities remained centered on the three key sciences: 

chemistry, biology and physics, which teachers generally perceive as most important to prepare 

students for higher levels in science, or for life; while content depth and breadth were 

significantly reduced. Grade 9 teachers that were interviewed mainly prioritized two units: 

Atoms and Elements, and Reproduction, while fewer prioritized Nature of Electricity and most 

minimized or omitted Exploring the Universe. Grade 10 teachers that were interviewed mainly 

prioritized the Chemistry in Action and In Motion units, while fewer prioritized Dynamics of 

Ecosystems and the Weather Dynamics unit was minimized or omitted by most. During the 

pandemic teachers generally taught fewer unit SLOs overall, mainly due to restrictions limiting 
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student contact time and practical, collaborative learning; and notably prioritized unit SLOs over 

the GLOs and Cluster 0 Skills and Attitudes SLOs. Other influences contributing to the shift in 

teaching priorities included issues with technology and Internet access; the need to adjust 

learning expectations and to prepare students for their next levels in science; school or team 

decisions about curricula, instruction and common exams; and safety issues for staff and 

students. Consequently, what teachers chose to teach, or not to teach during the pandemic 

significantly impacted their ability to promote some of the foundational concepts, skills and 

attitudes in Grades 9 and 10 science that are required to advance functional scientific literacy. 

 While exceptionally constrained by pandemic protocols restricting the practical, 

collaborative work they value as central to their practice in Grade 9 and 10 science, in addition to 

what they taught, teachers adjusted how they taught. These teachers adjusted their instruction 

and assessment in various ways to continue teaching the scientific concepts, skills and attitudes 

in the science curricula to their students throughout the pandemic. While developing and 

implementing a variety of alternative science learning activities, teachers embraced an increased 

use of digital resources - videos, simulations, and specific educational websites such as PhET, 

Edpuzzle and ExploreLearning; along with online scavenger hunts, independent projects and 

paperwork, and independent practical learning activities whenever possible. Overall, these 

Manitoba teachers found ways to ensure their students continued to learn science when practical 

and collaborative work were restricted during the pandemic, even though they could not teach all 

of the units or LOs they prioritized in their courses. Yet, despite their professional dedication and 

creative determination to teach scientific competencies through alternative approaches replacing 

restricted practical work, participating teachers observed that Grade 9 and 10 students were less 

engaged in their learning without opportunities for hands-on practice. 



274 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

Although these teachers were challenged to adequately assess student learning during the 

pandemic, perceived learning gaps resulting from limited opportunity to learn science with 

practical work during the pandemic were observed and reported, and scientific literacy gains for 

Grades 9 and 10 students were perceived as inferior to those previously achieved. Consequently, 

these teachers believe some students might require remedial supports in higher-level science 

courses to address gaps in procedural or conceptual knowledge; while others might encounter 

disadvantages in daily life from practical and collaborative opportunities lost to adequately 

develop functional scientific literacy. Some perceived benefits of pandemic learning however, 

include increased student independence in some cases, and enhanced digital skills for some 

students.  

Integrated Analysis of Phase I and Phase II 

How curricular content and approaches prioritized by Manitoba Grade 9 and 10 science 

teachers during the COVID-19 pandemic impacted their potential to advance student scientific 

literacy was answered through both phases of research and the integrated analysis I conducted.  

The integration of the quantitative and qualitative phases allowed me to identify insights 

extending beyond the results of each phase, and as described in Chapter 3, is necessary in mixed 

methods analysis to develop more complex understandings and conclusions to the research 

problem (Bazeley, 2018; Hesse-Biber & Johnson, 2015). Such integration also aligns with the 

theoretical framework guiding my study, allowing a postpositivist lens for objective analysis of 

the Phase I data to unite with valuable subjectivity through multiple perspectives in the Phase II 

data to extend these understandings (Creswell & Poth, 2018; Young & Ryan, 2020). As human 

knowledge is conjectural (Lederman & Abell, 2014; Phillips & Burbules, 2000), integrating 

survey data with interview data not only allowed opportunity to address different specific sub-
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questions to contribute to the understanding of the main research problem, but as postpositivist 

scholars such as Wildemuth (1993) suggest may occur, richly informed it.  

I compared the Phase I and Phase II findings to find common concepts across both sets of 

findings, and to determine how results confirm, disconfirm or expand each other. Further 

interpretations of how the evidence enhanced understanding of and provided insights into the 

research problem, and how both sets of results together address the central research question are 

explained. The findings from each phase were organized into three groups for comparison, 

aligning with the research questions: First, curricular units and LOs prioritized in Grades 9 and 

10 science prior to and during the COVID-19 pandemic; Second, LOs taught through practical 

work prior to the pandemic and those taught through alternate activities as teachers adjusted their 

pedagogy through school lockdowns and restrictions during the pandemic; Third, how teachers 

perceived alternatives to practical learning activities allowed them opportunity to effectively 

promote scientific literacy. Summary representative statements are presented to support the 

findings in each of the three groups. 

First, analysis of the Phase I survey data revealed that prior to the pandemic a large 

proportion of responding Grade 9 and Grade 10 science teachers prioritized teaching four or 

three curricular units and their associated LO thoroughly; and that during the pandemic a notable 

shift to prioritize three units occurred, and some teachers were unable to teach the entirety of the 

three units. The majority of teachers prioritized and taught the chemistry unit and associated 

SLOs in Grade 9 and Grade 10 science both prior to and during the pandemic, and also ranked 

the biology and physics units and SLOs in each grade as a significant priority. The clusters and 

SLOs of lowest priority were in the fourth discipline, outside the three key science disciplines of 

biology, chemistry and physics. Strikingly, few participants taught the fourth clusters, Exploring 
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the Universe in Grade 9 science, and Weather Dynamics in Grade 10 science, prior to the 

pandemic and none taught these during the pandemic. The Phase I results also showed most 

teachers prioritized teaching the cluster SLOs, over GLOs or Cluster 0 SLOs both prior to and 

during the pandemic; with a notable decline in the proportion of teachers adequately exploring 

the Cluster 0 SLOs during the pandemic. These findings are relevant to the first Phase I sub-

question and were confirmed and understandings extended in Phase II: teachers generally 

prioritized teaching unit SLOs over GLOs and Cluster 0 SLOs prior to, but more so during the 

pandemic. It was first found that the three foundational clusters in each of Grade 9 and Grade 10 

science, specifically biology, chemistry and physics are considered vital for further study in these 

disciplines, and as such are a steadfast priority for many science teachers to effectively prepare 

their students for the next level—often resulting in limited instruction of the Grade 9 Exploring 

the Universe and Grade 10 Weather Dynamics units at best but more often in their omission. As 

such, some Manitoba students might leave high school with important scientific concepts of 

weather last learned in Grade 5 science, and space science concepts last learned in Grade 6 

science. Given the prominence of these two disciplines to functional scientific literacy in the 21st 

century, where climate change and communication through space dominate our daily lives, 

student impacts of these teachers’ decisions may be substantial. That said, it is important to 

acknowledge that students may learn some of these concepts outside of their formal schooling. 

Second, the Phase II results revealed that some teachers or teaching teams developed strategies 

to integrate course units and LOs in order to teach all four units and a greater number of LOs; 

while others eliminated the most complex LOs to maintain student attendance and engagement—

meaning Manitoba students had variable opportunities to learn course units and LOs both prior to 

and during the pandemic. Third, while teachers did their best to teach as many units and LOs 



277 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

through various modes of pandemic teaching and learning that included remote and BL, they 

could not teach as many units or LOs due to collective impacts that school structures, educational 

foundations, resources and personal experiences had on their pedagogical practice; but moreover, 

because practical and collaborative work required to teach many of the LOs in Grade 9 and 10 

science were not possible.  

Summary Representative Statements include: 

• “The biggest hindrance to educating students during COVID when it came to Grade 9 

and Grade 10 science was the fact that the government said right off the hop, their marks 

would not be important, and that made it really hard for teachers” (P1). 

• “It [the pandemic] totally took my teaching philosophy and flipped it upside down” (P2). 

• “Prior to the pandemic, I taught all four clusters in Grade 9 and Grade 10 sort of equally, 

while tying units together” (P7). 

• “Prior to the pandemic, three out of four clusters would be covered in both Grades 9 and 

10. The Universe is omitted in Grade 9, and in Grade 10 we all omit the Weather unit, 

because if you want to provide enriched lessons with labs and activities, there’s no 

possible way to get to all four units” (P3). 

• “I would have to say the focus was on those key three, the physics, the biology, and the 

chemistry… we placed greater emphasis on prerequisites or things that are required for 

further study in either high school or even university” (P10). 

• “I would more so emphasize the essential outcomes or important outcomes that are 

needed for moving forward, either because they were cumulative in the subject itself at 

that grade level or it was carried on to the following grade level” (P5). 
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• “During the pandemic, we had to cut some of the content so we just focused on physics, 

biology and chemistry… we did three units as opposed to four” (P9). 

• “During the pandemic we emphasized the essential outcomes needed going forward, 

catering to the group of students that wanted to continue with science, but we ultimately 

disadvantaged those that didn’t want to continue with science” (P11). 

Second, from the Phase I results it was clearly established that a large proportion of 

teachers taught a significant number of LOs through practical work prior to the pandemic; and 

overall, fewer teachers taught these LOs through alternate activities not practical in nature during 

the pandemic. Certain SLOs taught by many teachers through practical work prior to the 

pandemic continued however to be taught by a similarly large proportion of teachers through 

alternate means during the pandemic—which were found to either be SLOs of greater 

importance for Grades 9 and 10 science teachers, or those possible to teach without practical 

work. The Phase I findings further showed that Grade 9 and 10 teachers had a generally greater 

focus on teaching the GLOs and Cluster 0 Skills and Attitudes SLOs prior to, versus during the 

pandemic, many of which are significantly hinged on practical collaborative work to teach; and 

that all of the teachers believe practical learning opportunities are important for students to 

develop scientific literacy concepts, skills and attitudes but the large majority could not provide 

these to their students amidst pandemic restrictions. The Phase II findings confirmed those found 

in Phase I, while extending understandings into which LOs were taught through practical work 

prior to the pandemic; and ways that teachers adjusted instructional approaches to provide 

alternative learning activities to teach these LOs during the pandemic, answering the second 

Phase I and first Phase II research sub-questions. The Phase II findings suggest that some 

Manitoba Grades 9 and 10 science teachers normally teach science by providing students with 
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frequent opportunities for collaborative work and a wide variety of practical learning activities, 

which they emphasized in Phase I as necessary for students to learn scientific concepts, skills and 

attitudes. When lockdowns and restrictions prevented practical work and laboratory activities, 

these teachers sought, developed and implemented a variety of alternative science learning 

activities embracing an increased use of digital resources—yet despite their creative and 

determined agency, teachers were limited in teaching some Grade 9 and 10 science LOs that 

require practical work and experiential learning opportunities to achieve. 

Summary Representative Statements include: 

• “Prior to the pandemic, probably two to three times a week the kids were doing 

something like practical group work or a lab” (P8). 

• “During the pandemic, laboratories or hands-on learning activities, gone” (P9). 

• “Like try to teach somebody how to drive a car without actually getting them into the 

front seat” (P1). 

• “Not being able to touch and manipulate, the kids are losing a lot of value in that type of 

learning and I had a very hard time trying to find anything that remotely compared” 

(P10). 

• “I don’t know if I was doing a good sales job on how critical science is to us, when I was 

handcuffed” (P7). 

• “They shifted from exploration and supervised investigation, to videos of this is what we 

would have done. This is what you would have participated in. But watch the video, 

you’ll get the gist of it… I don’t think it can ever replace the doing of something to 

accentuate or reinforce the theoretical learning” (P1). 
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• “With desks six feet apart, plexiglass partitions and students wearing masks, labs turned 

into discussions and students just didn’t tune in (P6). 

• “The buy in was not there. Reading a bunch of stuff is not the same as being able to 

experience it, and try it in a hands-on practical type way” (P2). 

• “Talking to a screen, you have no idea what the kids’ level of engagement really is… 

numerous times you would ask questions, and there would be no response” (P4). 

• “Hands-on experimentation as well as group work, that social aspect of doing 

experiments together and helping each other out, figuring out what went wrong or what 

worked… was lost” (P5). 

• “Without resources and supports in place, it was absolutely like the blind leading the 

blind… trying to do the best that we could. We just bought supplies off of each other 

through [Teachers] Pay Teachers, or shared resources, or made stuff up at 11:30 at night 

ourselves!” (P2). 

• “I used a lot of Edpuzzle and ExploreLearning… for having hands-on in science become 

digital, this was by far the best resource” (P1). 

• “The pandemic opened up other ways to do hands-on learning, such as à la carte labs – 

individualized small-scale discovery-based labs where students were provided their own 

equipment at their desks and prompted to complete a discovery-based laboratory 

procedure” (P11). 

Finally, how teachers perceived alternatives to practical learning activities allowed them 

opportunity to effectively promote scientific literacy were found indirectly in four of the Phase I 

survey questions, and relevant to the second Phase II research question. It was established from 

the responses to the Phase I questions that responding teachers generally perceived an adequate 
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ability to advance student scientific literacy, both prior to and during the pandemic. First, prior to 

the pandemic a large proportion of Grades 9 and 10 science teachers who answered the survey 

said they frequently engaged students in SI, debate about scientific issues or the design process 

to solve a technological problem—valuable activities for student development of functional 

scientific literacy (MET, 2000); and although fewer teachers engaged students in such learning 

activities during the pandemic, a sizable proportion indicated they were still able to do so. 

Second, a notable proportion of teachers indicated their students often had opportunity to work 

cooperatively with group members to plan an experiment, carry out the plan, and troubleshoot 

problems if they arise, during pandemic lockdowns and restrictions. Third, the large majority of 

responding teachers expressed some level of confidence in their ability to foster scientific 

literacy competencies during the pandemic while practical work was restricted. That said, these 

teachers may not be representative of all teachers, as those who felt they did a poor job during 

the pandemic may not have participated in the study. These three Phase I findings, collectively 

depict a perceived level of teacher confidence that alternative learning activities to practical work 

effectively allowed them to promote scientific literacy during the pandemic. This perception 

seems to counter other Phase I data however, where the majority of teachers indicated their 

students had infrequent or no opportunity to experiment, use data collection tools, make 

measurements, control variables, and/or use WHMIS regulations and safety equipment for 

instance; and was disconfirmed in comparison with the Phase II results. The Phase II participants 

had limited confidence in their ability to foster scientific literacy concepts, skills and attitudes 

during the pandemic while practical work was restricted, were unable to engage students in SI, 

debate or the design process, and their students did not have frequent opportunity to work 

cooperatively with group members when student-centered learning was replaced with teacher-
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directed instruction. Finally, according to the Phase I findings and important to answering the 

second Phase I sub-question, prior to the pandemic a large proportion of teachers perceived 

being adequately able to explore 15 of 48 select Cluster 0 Overall Skills and Attitudes SLOs with 

their students; while during the pandemic an overall decline in teachers’ perceived adequacy to 

explore a large number of these SLOs was reported. Although teacher capacity to adequately 

explore certain Cluster 0 SLOs promoting scientific attitudes was less impacted or even 

marginally improved during the pandemic in some instances, teacher capacity to adequately 

explore certain Cluster 0 SLOs for learning scientific procedural skills was significantly reduced. 

Since procedural skills require practice to attain, I infer the significant decline in teachers’ 

perceived adequacy to explore Cluster 0 SLOs during the pandemic suggests perceived 

inadequacy of alternatives to practical learning activities to effectively teach these skills and 

thereby promote scientific literacy—which the Phase II interview findings confirm.  

My integrated analysis also suggests that although teachers’ pedagogical decisions were 

similarly influenced by school structure and educational foundations, the influence that resources 

and teacher experiences imposed on pedagogical decisions varied greatly between individual 

teachers. Consequently, varied teacher perceptions resulted for what it meant to effectively 

promote scientific literacy during the pandemic, while implementing alternative science learning 

activities not practical in nature. The Phase II findings revealed teachers were largely unsure of 

their ability to advance student scientific literacy during the pandemic, mainly because of 

barriers to practical learning, but also in part because of difficulties with implementing effective 

and reliable assessments of student performance and achievement. Yet, they were all in 

agreement that a distinct decline in student performance and achievement was apparent, and 

unavoidable gaps in student scientific conceptual understandings, procedural knowledge, and 
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investigative expertise necessary to learn science were the result of restrictions in practical 

learning during the COVID-19 pandemic. This finding was generally consistent with conclusions 

found in other jurisdictions as reported in the literature (e.g., Borish et al., 2022; McKnight et al., 

2022; Watts et al., 2022) among others. The Phase II findings reveal teachers perceived the 

decline in student performance and gaps in scientific literacy to vary among students throughout 

the pandemic, and increased teacher awareness of individual student needs. 

Summary Representative Statements include: 

• “Students suffered because they didn’t get that hands-on experience at all, and might 

have had gaps” (P7). 

• “It would be a bit of an understatement to say learning did not suffer, because it’s easy to 

teach all those SLOs from a theoretical standpoint… but without the practical component 

it’s hard to say how much actually stuck” (P1). 

• “Some kids rose to the occasion though because they had to, and other kids just gave up” 

(P9). 

• “The pandemic forced independent opportunities, in that every kid had to learn skills that 

often, other group members took responsibility for” (P6). 

• “Kids who really needed that hands-on… some kids who would have become more 

interested in science and maybe tried to go on in it, just kind of lost interest” (P5). 

• “A lot of our Grade 10s have chosen not to take any more science classes” (P3). 

• “There are definitely way more gaps that exist within the content. If you were to take a 

look at the kids that are graduating this year that were in Grade 9 at the start of the 

pandemic, I don’t believe they have the full set of skills and knowledge that a typical kid 
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would have. I also don’t feel that they’ve had the same experiences either, to help them as 

learners” (P9). 

• “The students who did Grades 9 and 10 science pre-pandemic were more scientifically 

literate than those that are doing 9 and 10 during, or since” (P11). 

• “I think there are going to be a lot of disadvantaged students going forward over the next 

few years, just because of what the pandemic has done to science education, 

unfortunately” (P8). 

• “Students have lost two years plus of science learning, right? They don’t know how to 

ask questions or investigate and experiment the same way they used to” (P4). 

• “It could be like a half-generational impact while we wait for all the kids to get caught up 

for the two and a half years that they missed out” (P10). 

My analysis of the data in this study concluded with an integrated analysis of the Phase I 

and Phase II findings. Meaning found in the Phase II interviews propped development of early 

thematic conceptualization in Phase I analysis; and emergent themes resulting from the coded 

data, sub-categories and categories determined in Phase II were confirmed during integrated 

analysis. Finally, the main research question in this study: How do the curricular content and 

approaches prioritized by Manitoba Grade 9 and 10 science teachers during the COVID-19 

pandemic impact their potential to advance student scientific literacy, was addressed. 

Research Limitations 

Limitations in this research included various issues of access to potential participants, 

similar to limitations described by Creswell and Poth (2018). As data for Phase I and Phase II of 

this study were reliant upon recruiting Grade 9 and Grade 10 teachers with time and willingness 

to participate while emerging from the COVID-19 pandemic, demands on teachers’ time 
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remained exceptionally great and recruitment numbers may have been lower as a result. 

Consequently, generalizability in this study is limited and some important insights might not 

have been collected. Moreover, teachers who felt more uncomfortable about the choices they 

made when teaching during the pandemic may have been less willing to respond to the survey 

than those with more experience or greater confidence in their pedagogy. This may have resulted 

in data not representative of the pedagogical practices of many Manitoba teachers. 

Other factors that may have influenced the number of participants in this study included 

the sequence of permissions required for access to potential participants. Administrative 

permission was granted for teachers in 21 of the 38 school divisions in the province to 

participate. 11 rural school divisions did not respond to the invitation to participate however, and 

six superintendents did not allow their teachers to participate, reasoning educators were 

significantly burdened by the pandemic demands on their time. Additionally, since school 

divisions were required to distribute information and consent forms to teachers electronically, 

these documents may not have made their way to all of the Grade 9 and Grade 10 teachers in the 

division, for a myriad of different factors (emails sent to a junk folder, for example). Further 

limitations associated with data collection and the instruments may have included issues with 

SurveyMonkey survey access and function. 

Intrinsic limitations to the instruments used in this study relate to the a posteriori nature 

of many of the questions asked in the survey and interview. For instance, the COVID-19 

pandemic continued for over two years, and teachers were required to recall what they taught and 

how they taught prior to the pandemic. Although some were confident to answer questions from 

this period, some may have been unable to remember accurately, and some were unable to recall 

certain details. Furthermore, as teachers taught through two years since the pandemic began, with 
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shifts from remote teaching to blended teaching, to in-class learning, to remote teaching and back 

again to in-class learning, some were unable to clearly distinguish these periods of time in their 

Grade 9 and Grade 10 science classes.  

Another limitation resides in the fact that teachers who responded to the Phase I survey 

may be teachers who are the most digitally proficient and as such may have been better equipped 

to respond to the shift to a remote learning mode, hence skewing results. Similarly, participants 

might be those with strong views on Grade 9 and Grade 10 science pedagogy, or with strong 

views on education during the pandemic in general, which could influence the nature of 

responses gathered. Likewise, misinterpretation of survey questions, respondent fatigue, and 

participants’ current mood or unwillingness to report autonomous professional choices even in 

an anonymous survey may have influenced the data collected.  

Finally, teachers who responded to the Phase II interviews were not selected as 

representative of the larger population of Grade 9 and 10 teachers in Manitoba, but rather were 

those who volunteered. Since the Phase II participants were a subset of participants in Phase I, 

the same concerns apply regarding digital proficiency and strong views. As Hesse-Biber and 

Johnson (2015) describe limitations associated with data analysis of “small-n” research utilized 

in Phase II of this study, questions regarding transferability and generalizability are suggested 

and thereby support the choice of a mixed methods approach. Additionally, there are limitations 

associated with the interview data that was collected. For instance, a single interview with a 

researcher they have never met may result in less rich sharing of insights, or the exclusion of 

useful details. Self-report bias and response bias may have also resulted in inaccurate data from 

the 11 Phase II participants. Other barriers associated with the essential reliance on, or costs 
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associated with digital communication in remote communities may have limited opportunity for 

widely representative data collection.   
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Chapter V: Conclusions 

As 63 million teachers worldwide faced extraordinary challenges adapting to school 

closures and restrictions and 1.57 billion students shifted to remote education in tandem (ICET, 

2020, October 8; Meng et al., 2020), Manitoba Grade 9 and 10 science teachers worked to a 

common goal during the COVID-19 pandemic—to continue to teach science to their students. 

The development of scientific literacy however, requires practical work with specialized 

equipment and opportunities to practice the nature of science (Bencze et al., 2020), as “all 

knowing depends upon the practical…as both foundational and the continuing source of new 

knowledge” (Layton, 1991, p. 63). Although Manitoba Grades 9 and 10 students had limited 

opportunity for experiential learning throughout the pandemic, their teachers learned 

experientially while adapting to the new form of pedagogy required, and the pedagogical 

decisions they made while teaching under the strain of pandemic lockdowns and restrictions 

revealed important implications for a scientifically literate citizenry. 

Three overarching conclusions resulted from the findings in this study, as follows. 

Restrictions to Practical and Collaborative Activities During the COVID-19 Pandemic Seemed 

to Limit Advancement of Student Scientific Literacy in these Manitoba Science Classrooms 

The curricular content and approaches prioritized by Manitoba Grade 9 and 10 science 

teachers during the COVID-19 pandemic had a comprehensive and multifaceted impact on their 

potential to advance student scientific literacy. Teacher priorities resulted from the interface of 

school structure, educational foundations, resources and individual teacher experiences, and 

reduced their potential to advance student scientific literacy to levels achieved pre-pandemic. 

While the curricular units and LOs prioritized by Manitoba Grades 9 and 10 science teachers 

were generally maintained throughout the pandemic, lockdowns and restrictions limited teachers 
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from teaching some LOs requiring practical or collaborative student work. While teachers 

continued to teach the Grades 9 and 10 science LOs they prioritized through alternative learning 

activities and instructional approaches, they could not teach some practical or collaborative LOs 

required for students to develop scientific conceptual understanding, procedural knowledge or 

scientific attitudes that are critical for the development of functional scientific literacy. It is likely 

that impacts on the advancement of scientific literacy were different for individual students.  

Teachers’ Decisions to Prioritize and Teach Certain Units and Learning Outcomes in the 

Curriculum, Before and During the Pandemic may have Undermined Consistent Development 

of Student Scientific Literacy in Manitoba Science Classrooms 

A certain level of disconnect between the interpretation of the Manitoba Senior Years 

Grade 9 and 10 curricular documents and its professional implementation to support student 

scientific literacy appears to exist. The Manitoba Grade 9 science curriculum document, 

published in 2000 (MET, 2000) and Manitoba Grade 10 science curriculum document, published 

in 2003 (MEY, 2003) provide the mandated foundational clusters and LOs for each of these final 

compulsory general science courses. The disruption occurs somewhere between the 

interpretation of these documents, the curricular priorities and pedagogical decisions made by 

individual teachers, and the pathway to Grades 9 and 10 student scientific literacy. Where this 

disruption occurs however, seems to depend upon individual teachers’ perception of their 

curricula and what is most important for Grade 9 and Grade 10 science learners; and during the 

COVID-19 pandemic, what LOs could effectively be taught through alternatives to practical and 

collaborative learning amid lockdowns and restrictions.  

The findings suggest that individual interpretations of curricular objectives including 

SLOs, GLOs and Cluster 0 Skills and Attitudes SLOs guide the pedagogical priorities and 
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decisions Manitoba Grades 9 and 10 teachers make, regarding what to teach and how to teach it. 

Consequently, student development and acquisition of scientific literacy competencies are 

dependent upon how their science teachers, with diverse backgrounds, interests and expertise, 

interpret and implement these curricula. Prior to the pandemic, many Grade 9 and 10 teachers 

did not teach the entirety of their curricula, likely resulting in variable states of functional 

scientific literacy for students across the province. During the pandemic, as teachers adjusted 

their teaching amid lockdowns and restrictions to practical work, their inability to teach the 

entirety of the four clusters and many LOs in these courses through alternative instruction was 

amplified. Implementation of scientific literacy concepts, skills and attitudes within all clusters in 

the Grades 9 and 10 science curricula however, is helpful to equip Grades 9 and 10 students for 

life in the 21st century. 

Structural and Instructional Barriers During the Pandemic Limited the Realization of 

Manitoba Teachers’ Perceived Potential to Advance Student Scientific Literacy 

The perceived potential of Manitoba Grades 9 and 10 science teachers to effectively 

advance student scientific literacy during the COVID-19 pandemic may in fact be greater than 

attained, for several reasons. First, this perceived potential seems to be the cumulative result of 

varied individual teacher experiences while teaching science during the pandemic, amidst 

equivalent direction from government and school divisions, and the Manitoba Senior Years 

Science curriculum documents. On one hand, it was found that teachers felt a certain confidence 

in their ability to teach science and to foster scientific literacy competencies during the 

pandemic; but on the other, they were unable to adequately teach the entirety of the Grade 9 or 

Grade 10 course clusters and many unit SLOs, GLOs and Cluster 0 Overall Skills and Attitudes 

SLOs that are required for students to develop scientific literacy. Secondly, a perceived level of 
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confidence that alternative learning activities allowed teachers to effectively promote scientific 

literacy during the pandemic was found. Yet, with restrictions to traditional laboratories and 

collaborative learning activities, and limited opportunity to teach all four curricular units and 

many of the LOs, a strong belief that students were unable to effectively learn scientific and 

technological concepts, skills and attitudes without practical learning opportunities was also 

found. Although teacher agency permitted the development and implementation of alternative 

learning activities throughout the pandemic and Grades 9 and 10 teachers continued to teach 

science to many students who achieved their Grade 9 and/or Grade 10 science credits—their 

potential to advance scientific literacy was significantly impacted. These impacts were likely 

experienced in different ways and to varying degrees by different students.  

Contributions and Recommendations for Practice, Theory and Research 

The findings of this study advance understanding of what Manitoba Grades 9 and 10 

science teachers consider most important to foster student conceptual knowledge, procedural 

skills, and attitudes for the development of functional scientific literacy in the 21st century.  

As the development of scientific literacy requires practical work with specialized 

equipment and opportunities to practice the nature of science, the decisions Manitoba Grades 9 

and 10 teachers made while adjusting their teaching to meet pandemic protocols offer significant 

insights into student development of scientific literacy during this period. Since Verma et al. 

(2020) indicated “much can be learned about science teaching and learning in relation to our 

response to COVID-19” (p. 487), the curricular units and learning outcomes teachers prioritized, 

and did not prioritize during restricted periods of learning are valuable to understanding essential 

learning outcomes teachers believe are most important to Grades 9 and 10 science learners.  
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Additionally, significant insights into the relationship science teachers have with the 

curriculum they teach—how they interpret it, and how they play a significant role in its 

enactment were gleaned from this study. The findings revealed that Grades 9 and 10 teachers 

prioritize teaching units and SLOs in three key disciplines: chemistry, biology and physics, both 

prior to and during the pandemic; and de-emphasized or omitted other units and many Overall 

Skills and Attitudes SLOs as they developed and tested alternative learning opportunities while 

aiming to foster scientific literacy without practical, experiential components during the 

pandemic. 

The findings of this study revealed the struggles of these Manitoba Grades 9 and 10 

teachers during the COVID-19 pandemic—in teaching, in teaching remotely, and in teaching 

science during these unprecedented circumstances, and illuminating teachers’ decisions 

regarding what they chose to teach and how they taught it. Science teachers participating in this 

study had opportunity to reflect on their pedagogical decisions, and on the effectiveness of 

alternative teaching approaches to advance scientific literacy—whether practical work is 

restricted or not. As these teachers adjusted their curricular content and utilized alternative 

teaching approaches in response to restricted practical and collaborative learning opportunities 

during the pandemic, their perceived effectiveness in supporting student development of 

scientific literacy was inconsistent and the impacts of adjusted pedagogy were likely more severe 

for some learners than others. Insights from perceived successful or unsuccessful approaches to 

the development of scientific literacy were found, in some cases inspiring teacher agency and 

new pedagogy to foster it.  

Several findings extend beyond the scope of this study and while not directly related to 

the research questions, may be of interest. Such findings include: the pandemic fuelled 
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professional learning for these teachers; the pandemic prompted positive shifts in assessment 

practices; the pandemic propelled awareness and concern for individual student needs; and that 

many factors came together during the pandemic to diminish learning. First, the pandemic 

catalyzed professional development as teachers required new professional knowledge and skills 

to continue to teach Grades 9 and 10 science to their students. While some were self-reliant and 

learned new digi-pedagogy skills independently, others worked collaboratively within their 

school departments to utilize new tools and develop new pedagogies—several of ongoing value 

for teaching Grades 9 and 10 science. Despite the challenges they experienced responding to the 

COVID-19 pandemic, these teachers all acknowledged and valued a considerable measure of 

professional growth. Second, an increased awareness of assessment practices to ensure that 

assessments better support and more fully reflect learning, was identified among the participant 

teachers. As teachers adjusted their assessments throughout the pandemic and some utilized 

digital assessment tools, positive shifts to increased assessment for learning or formative 

assessment, assessment as learning, and outcome-based assessment were found. Third, during 

the pandemic, student mental health and well-being became a priority for many of these teachers, 

above teaching scientific concepts and skills. Moreover, an overall increased awareness of 

individual student needs during the pandemic was found, considered beneficial to their future 

practice. Another unanticipated finding was that a combination of factors all came together 

during the pandemic to diminish student learning in Grades 9 and 10 science: restrictions to 

practical learning; a lack of suitable resources within the curriculum standards documents; 

reduced contact time and in-person instruction with students; a temporary change in grading 

policy; distractions and other matters in students’ lives, among others. 
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The findings of this study add to the K-12 online, remote and BL science education 

literature to support science education in circumstances beyond the COVID-19 pandemic; and to 

the breadth of postpositivist mixed methods case study research—each important to advancing 

educational scholarship. In further advancing this scholarship, ongoing research to support 21st 

century scientific literacy in a digital world is paramount. Advancing scientific literacy in Grades 

9 and 10 science is of particular interest, as these are the final mandated general science courses 

in the province; but research investigating scientific literacy development in other grades, and 

research into the development of supportive, adaptive curricular foundations and teacher 

resources to aid in future emergent events is also suggested. Ongoing research of science 

learning impacts resulting from COVID-19 restrictions at all grade levels is important to 

assessing future student needs and to establish ongoing student’ supports. Providing Manitoba 

science students with the utmost opportunity to become scientifically literate to make informed, 

critical decisions as “global interdependence; rapid scientific and technological innovation; the 

need for a sustainable environment, economy and society; and the pervasiveness of science and 

technology in daily life” (MET, 2000, p. 1.2) reinforce its importance. 

Among the recommendations to advance functional scientific literacy for students in 

Manitoba’s Grades 9 and 10 science courses, this study highlights the need for: expanded access 

to practical and digital learning opportunities; enhanced teacher training and support; and 

curriculum reorganization and modernization. 

For scientific literacy to be attainable in Grades 9 and 10 science courses, students 

require opportunities to engage in practical learning experiences that focus on the practical 

applications of science. The development of enhanced technologies and digital resources for 

alternative pedagogies might support teachers through future events with restricted practical 
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learning opportunities; in other settings where practical learning is simply not feasible such as 

when students are unable to attend school or school infrastructures do not support laboratories or 

specialized equipment; and would increase access for science education in remote communities, 

or for adult education centers and adult learners in distant/remote communities pursuing high 

school equivalency. 

Useful insights from this study into the essential LOs teachers believe are most important 

for Grade 9 and Grade 10 science learners should inform curriculum and practice. Support from 

Manitoba Education, along with training opportunities for teachers should be enhanced to 

promote differentiation and responsive pedagogy in Grades 9 and 10 science, while encouraging 

implementation of curriculum with equitable opportunity for all Manitoba students to develop 

functional scientific literacy competencies. These findings show that Manitoba Grades 9 and 10 

science teachers with pedagogical expertise in these grades, value practical work as an integral 

part of learning science, and prioritize LOs they consider essential for learning science and for 

the development of student scientific literacy in the final mandated science courses. The findings 

in this study should inform the Manitoba science teaching community of scientific literacy 

concepts, skills and attitudes teachers deem most important for functional daily living in the 21st 

century, as well as for student success at the next levels in science.  

The findings of this study establish that Manitoba Grades 9 and 10 science teachers 

require updated science curriculum documents to support student scientific literacy development 

in the 21st century with modernized descriptive context and current technologies (e.g. data 

collection via apps), current examples (e.g. microplastics; James Webb Telescope), and current 

references with accessible digital resources for teaching science. Useful insights into the clusters 

and LOs Grades 9 and 10 teachers did not prioritize or teach during the COVID-19 pandemic 
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should additionally inform curriculum and science teachers of critical concepts, skills and 

attitudes that might be emphasized in earlier years, in other grades, or in other courses adopting 

an interdisciplinary approach—if important for student scientific literacy development, but too 

extensive for inclusion in Grades 9 and 10 science. A significant priority among Grades 9 and 10 

science teachers to focus on teaching content in three of four clusters of each curriculum, versus 

a focus on student development of scientific literacy was exposed in this study. To counter this, a 

review of the depth and breadth of topical science content, along with a review and 

reorganization of the documents to ensure cluster and LO priorities are presented to enhance 

functional scientific literacy development for all Manitoba students.  
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Appendix B  

Teacher Survey 

Demographic Data 

1. What is your science teaching experience?  

  

o 2 years or less 

o 3 – 5 years 

o 6 – 10 years 

o More than 10 years 

 

2. Which best describes your subject expertise? 

 

o Biology 

o Chemistry 

o Physics 

o General Science 

o Other 

 

3. Where do you currently teach Grade 9 and/or Grade 10 science? 

 

o Urban Winnipeg 

o Urban other 

o Rural Manitoba 

 

4. Prior to the COVID-19 pandemic, how many times did you teach Grade 9 science in 

Manitoba? 

 

o Never  

o 1 – 2 times 

o 3 – 5 times 

o More than 5 times 

 

5. How many times have you taught Grade 9 science during the COVID-19 pandemic? 

 

o None 

o 1 time 

o 2 times 

o 3 or more times 

 

6. Prior to the COVID-19 pandemic, how many times did you teach Grade 10 science in 

Manitoba? 

 

o Never 
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o 1 – 2 times 

o 3 – 5 times 

o More than 5 times 

 

7. How many times have you taught grade 10 science during the COVID-19 pandemic? 

 

o None 

o 1 time 

o 2 times 

o 3 or more times 

 

Research Questions 

1. Prior to the pandemic, which best describes the clusters/units you taught in your Grade 9 

science classes? 

 

o N/A I did not teach Grade 9 science 

o Taught all or most of the learning outcomes in all 4 clusters 

o Taught some of the outcomes in all 4 clusters 

o Taught all or most of the outcomes in 3 clusters 

o Taught some of the outcomes in 3 clusters or less 

 

2. Since the pandemic began in March 2020, which best describes the clusters/units you 

taught in your Grade 9 science classes with school lockdowns and restrictions? 

 

o N/A I do not teach Grade 9 science 

o Taught some of the learning outcomes in 3 clusters or less 

o Taught all or most of the outcomes in 3 clusters 

o Taught some of the outcomes in all 4 clusters 

o Taught all or most of the learning outcomes in all 4 clusters 

 

3. Prior to the pandemic, which best describes the clusters/units you taught in your Grade 10 

science classes? 

 

o N/A I did not teach Grade 10 science 

o Taught all or most of the learning outcomes in all 4 clusters 

o Taught some of the outcomes in all 4 clusters 

o Taught all or most of the outcomes in 3 clusters 

o Taught some of the outcomes in 3 clusters or less 

 

4. Since the pandemic began in March 2020, which best describes the clusters/units you 

taught in your Grade 10 science classes with school lockdowns and restrictions? 

 

o N/A I do not teach Grade 10 science 

o Taught some of the learning outcomes in 3 clusters or less 

o Taught all or most of the outcomes in 3 clusters 
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o Taught some of the outcomes in all 4 clusters 

o Taught all or most of the learning outcomes in all 4 clusters 

 

5. Prior to the pandemic, what cluster/unit did you prioritize or spend the most time 

teaching in your Grade 9 science classes? 

 

o N/A I did not teach Grade 9 science 

o Reproduction 

o Atoms and Elements 

o Nature of Electricity 

o Exploring the Universe 

 

6. Since the pandemic began in March 2020, what cluster/unit in your Grade 9 science 

classes have you prioritized or spent the most time teaching? 

 

o N/A I do not teach Grade 9 science 

o Reproduction 

o Atoms and Elements 

o Nature of Electricity 

o Exploring the Universe 

 

7. Prior to the pandemic, what cluster/unit did you give less priority to, or spend the least 

time teaching in your Grade 9 science classes? 

 

o N/A I did not teach Grade 9 science 

o Reproduction 

o Atoms and Elements 

o Nature of Electricity 

o Exploring the Universe 

 

8. Since the pandemic began in March 2020, what cluster/unit in your Grade 9 science 

classes have you given less priority to or spent the least time teaching? 

 

o N/A I do not teach Grade 9 science 

o Reproduction 

o Atoms and Elements 

o Nature of Electricity 

o Exploring the Universe 

 

9. Prior to the pandemic, what cluster/unit did you prioritize or spend the most time 

teaching in your Grade 10 science classes? 

 

o N/A I did not teach Grade 10 science 

o Ecosystems 

o Chemistry 

o In Motion 
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o Weather Dynamics 

 

10. Since the pandemic began in March 2020, what cluster/unit in your Grade 10 science 

classes have you prioritized or spent the most time teaching? 

 

o N/A I do not teach Grade 10 science 

o Ecosystems 

o Chemistry 

o In Motion 

o Weather Dynamics 

 

11. Prior to the pandemic, what cluster/unit did you give less priority to or spend the least 

time teaching in your Grade 10 science classes? 

 

o N/A I did not teach Grade 10 science 

o Ecosystems 

o Chemistry 

o In Motion 

o Weather Dynamics 

 

12. Since the pandemic began in March 2020, what cluster/unit in your Grade 10 science 

classes have you given less priority to or spent the least time teaching? 

 

o N/A I do not teach Grade 10 science 

o Ecosystems 

o Chemistry 

o In Motion 

o Weather Dynamics 

 

13. Prior to the pandemic, how often would you engage your Grade 9 or Grade 10 science 

students in scientific inquiry, debate about scientific issues and/or the design process to 

solve a technological problem? 

 

o Not at all 

o Not often 

o Occasionally 

o Often 

o Consistently 

 

14. During the pandemic, how often have you engaged your Grade 9 or Grade 10 science 

students in scientific inquiry, debate about scientific issues and/or or the design process to 

solve a technological problem? 

 

o Not at all 

o Not often 

o Occasionally 



336 

SCIENCE TEACHERS’ PEDAGOGICAL RESPONSE DURING COVID-19 

o Often 

o Consistently 

 

15. Prior to the pandemic, how focused/centered were you on teaching the general learning 

outcomes (GLOs) described in Manitoba’s Five Foundations for Scientific Literacy: 

Nature of Science (NOS); Science, Technology, Society and Environment (STSE); 

Scientific and Technological Skills and Attitudes; Essential Scientific Knowledge and 

Unifying Concepts? 

 

o Extremely  

o Very  

o Somewhat  

o Not so much 

o Not at all  

 

16. During the pandemic, how focused/centered are you on teaching the general learning 

outcomes (GLOs) described in Manitoba’s Five Foundations for Scientific Literacy? 

 

o Extremely  

o Very  

o Somewhat  

o Not so much 

o Not at all 

 

17. Prior to the pandemic, how focused/centered were you on teaching the specific or 

prescribed learning outcomes (SLOs) described in the Manitoba science curriculum 

documents? 

 

o Not at all 

o Not so much 

o Somewhat  

o Very  

o Extremely  

 

18. During the pandemic, how focused/centered are you on teaching the specific or 

prescribed learning outcomes (SLOs) described in the Manitoba science curriculum 

documents? 

 

o Not at all  

o Not so much 

o Somewhat  

o Very  

o Extremely  
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19. Prior to the pandemic, how focused/centered were you on teaching the Overall Skills and 

Attitudes learning outcomes described in Cluster 0 of the Manitoba science curriculum 

documents? 

 

o Not at all  

o Not so much 

o Somewhat  

o Very  

o Extremely  

 

20. During the pandemic, how focused/centered are you on teaching the Overall Skills and 

Attitudes learning outcomes described in Cluster 0 of the Manitoba science curriculum 

documents? 

 

o Not at all 

o Not so much 

o Somewhat  

o Very  

o Extremely  

 

21. In general, how important are practical learning opportunities for your Grade 9 and/or 

Grade 10 students to develop scientific literacy – concepts, skills and attitudes? 

 

o Not at all important 

o Not so important 

o Somewhat important 

o Very important 

o Extremely important 

 

22. During the pandemic lockdowns and restrictions, how often have your Grade 9 and/or 

Grade 10 students had opportunity to experiment, use data collection tools, make 

measurements, control variables, and/or use WHMIS regulations and safety equipment in 

your classes? 

 

o Not at all 

o Maybe once or twice 

o Often, but less than before the pandemic 

o Just as frequently as before 

o More frequently than before the pandemic 

 

23. During the pandemic lockdowns and restrictions, how often have your Grade 9 and/or 

Grade 10 students had opportunity to work cooperatively with group members to plan an 

experiment, carry out the plan, and troubleshoot problems if they arise? 

 

o More frequently than before the pandemic  

o Just as frequently as before 
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o Often, but less than before the pandemic 

o Not often, maybe once or twice 

o Not at all 

 

24. How confident have you been in your ability to foster scientific literacy – concepts, skills 

and attitudes in Grade 9 and/or Grade10 science throughout the COVID-19 pandemic? 

 

o Extremely confident 

o Very confident 

o Somewhat confident 

o Not very confident 

o Not confident at all 

 

25. Prior to the COVID-19 pandemic, which of the following skills and attitudes specific 

learning outcomes did you adequately explore with your students in your Grade 9 and/or 

Grade 10 classes? (Select all that apply) 

 

o Propose questions to be tested experimentally 

o Identify stakeholders and initiate research related to a scientific issue 

o Select, integrate, summarize and evaluate information 

o Identify mathematical relationships between variables 

o Plan an experiment to answer a specific scientific question 

o Carry out procedures to control variables and repeat experiments for increased 

accuracy and reliability 

o Understand WHMIS and MSDS, and demonstrate work habits that ensure 

safety for self and others with consideration for the environment 

o Work cooperatively with group members to carry out a plan and troubleshoot 

problems as they arise 

o Select and use appropriate methods and tools for measuring and collecting 

data 

o Record, organize and display data to look for trends and discrepancies 

o Discuss science and technology, and appreciate and respect cultural 

contributions throughout history  

o Discuss social, economic, and environmental effects of past and present 

scientific and technological endeavors 

o Demonstrate interest and personal involvement in STSE (science, technology, 

society and environment) issues, and relate personal activities and career 

choices to scientific disciplines 

o Demonstrate confidence in ability to carry out scientific investigations and 

address STSE issues 

o Value skepticism, honesty, accuracy precision, perseverance, and open-

mindedness, and be sensitive and responsible to human needs and a 

sustainable environment 
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26. Since the start of the COVID-19 pandemic in March 2020, which of the following skills 

and attitudes specific learning outcomes have you adequately explored with lockdowns 

and/or restrictions in your Grade 9 and/or Grade 10 classes? (Select all that apply) 

 

o Propose questions to be tested experimentally 

o Identify stakeholders and initiate research related to a scientific issue 

o Select, integrate, summarize and evaluate information 

o Identify mathematical relationships between variables 

o Plan an experiment to answer a specific scientific question 

o Carry out procedures to control variables and repeat experiments for increased 

accuracy and reliability 

o Understand WHMIS and MSDS, and demonstrate work habits that ensure 

safety for self and others with consideration for the environment 

o Work cooperatively with group members to carry out a plan and troubleshoot 

problems as they arise 

o Select and use appropriate methods and tools for measuring and collecting 

data 

o Record, organize and display data to look for trends and discrepancies 

o Discuss science and technology, and appreciate and respect cultural 

contributions throughout history  

o Discuss social, economic, and environmental effects of past and present 

scientific and technological endeavors 

o Demonstrate interest and personal involvement in STSE (science, technology, 

society and environment) issues, and relate personal activities and career 

choices to scientific disciplines 

o Demonstrate confidence in ability to carry out scientific investigations and 

address STSE issues 

o Value skepticism, honesty, accuracy precision, perseverance, and open-

mindedness, and be sensitive and responsible to human needs and a 

sustainable environment 

 

27. Prior to the COVID-19 pandemic, which of the following specific learning outcomes did 

you teach through “hands-on” learning activities/practical work in your Grade 9 science 

classes? (Select all that apply if you taught Grade 9 science) 

 

Reproduction: 

o Illustrate and explain the process of mitotic cell division in plants and animals 

o Investigate and describe agricultural applications of asexual reproduction 

o Compare and contrast the function of mitosis to meiosis 

o Investigate and explain adaptations of plant and animal species which enhance 

reproductive success  

o Observe, collect and analyze class data of single trait inheritance 

o Use a pedigree to track the inheritance of a single trait 

o Investigate environmental factors and personal choices that may lead to genetic 

mutations 
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o Discuss current and potential applications and implications of biotechnologies 

including genetic engineering, genetic screening, cloning and DNA fingerprinting 

 

Atoms and Elements: 

o Assemble or draw Bohr atomic models for the first 18 elements 

o Investigate the development of the periodic table as a method of organizing 

elements 

o Investigate the characteristic properties of metals, non-metals and metalloids like 

ductility, lustre and reactivity, and classify elements according to these properties 

o Relate the reactivity and stability of different families of elements to their atomic 

structure 

o Investigate properties of substances like durability, usefulness and safety, and 

explain the importance of knowing these properties 

o Differentiate between physical and chemical changes 

o Experiment to determine indicators of chemical change 

o Investigate technologies and natural phenomena that demonstrate chemical 

change in everyday situations 

 

Nature of Electricity: 

o Demonstrate evidence for the existence of two types of charge 

o Explain how a discrepant event can be used to evaluate the particle model of 

electricity 

o Investigate and explain electrostatic phenomena like conduction, induction and 

grounding using the particle model of electricity 

o Investigate common electrostatic technologies and phenomena like photocopying 

and electrostatic spray-painting and safety measures like static straps 

o Construct one or more electrostatic apparatus like a pie-plate electrophorus, and 

explain how they function 

o Demonstrate and explain the like nature of electrostatics and current electricity 

including discharging an electrophorus through a neon bulb 

o Construct electric circuits in series and parallel using schematic diagrams 

o Use appropriate instruments and units to measure voltage, current and resistance 

o Compare and contrast voltage and current in series and parallel circuits, including 

cells and resistance 

o Investigate and describe qualitatively the relationship among current, voltage and 

resistance in a simple circuit 

o Relate the energy dissipated in a circuit to the resistance, current and brightness of 

bulbs 

o Explain the parallel circuits, components including switches, fuses, outlets and 

circuit breakers, and the safety aspects of household wiring 

o Analyze the electrical energy consumption of a household appliance, including 

EnerGuide consumption and reading hydro meters 

 

Exploring the Universe: 

o Use a coordinate system to locate visible celestial objects, and construct an 

astrolabe to determine the position of these objects with altitude and azimuth 
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o Observe the motion of visible celestial objects and organize collected data, such 

as tracking the position of the moon and planets over time or tracking sunrise and 

sunset data 

o Explain the apparent motion of the Sun, stars, planets, and the Moon as seen from 

Earth including daily rising and setting, seasonal constellations and retrograde 

motion 

o Investigate Canada’s role in space research and international programs like the 

International Space Station (ISS) and Canadarm, and use the decision-making 

process to address a related issue 

o Evaluate the impact of space science and technologies in terms of their benefits 

and risks to humans 

 

28. Since the start of the pandemic in March 2020, which of the following specific Grade 9 

learning outcomes did/do you teach using different/alternative learning activities not 

“hands-on”/don’t involve practical work? (Select all that apply if you taught Grade 9 

science) 

 

Reproduction: 

o Illustrate and explain the process of mitotic cell division in plants and animals 

o Investigate and describe agricultural applications of asexual reproduction 

o Compare and contrast the function of mitosis to meiosis 

o Investigate and explain adaptations of plant and animal species which enhance 

reproductive success  

o Observe, collect and analyze class data of single trait inheritance 

o Use a pedigree to track the inheritance of a single trait 

o Investigate environmental factors and personal choices that may lead to genetic 

mutations 

o Discuss current and potential applications and implications of biotechnologies 

including genetic engineering, genetic screening, cloning and DNA fingerprinting 

 

Atoms and Elements: 

o Assemble or draw Bohr atomic models for the first 18 elements 

o Investigate the development of the periodic table as a method of organizing 

elements 

o Investigate the characteristic properties of metals, non-metals and metalloids like 

ductility, lustre and reactivity, and classify elements according to these properties 

o Relate the reactivity and stability of different families of elements to their atomic 

structure 

o Investigate properties of substances like durability, usefulness and safety, and 

explain the importance of knowing these properties 

o Differentiate between physical and chemical changes 

o Experiment to determine indicators of chemical change 

o Investigate technologies and natural phenomena that demonstrate chemical 

change in everyday situations 

 

Nature of Electricity: 
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o Demonstrate evidence for the existence of two types of charge 

o Explain how a discrepant event can be used to evaluate the particle model of 

electricity 

o Investigate and explain electrostatic phenomena like conduction, induction and 

grounding using the particle model of electricity 

o Investigate common electrostatic technologies and phenomena like photocopying 

and electrostatic spray-painting and safety measures like static straps 

o Construct one or more electrostatic apparatus like a pie-plate electrophorus, and 

explain how they function 

o Demonstrate and explain the like nature of electrostatics and current electricity 

including discharging an electrophorus through a neon bulb 

o Construct electric circuits in series and parallel using schematic diagrams 

o Use appropriate instruments and units to measure voltage, current and resistance 

o Compare and contrast voltage and current in series and parallel circuits, including 

cells and resistance 

o Investigate and describe qualitatively the relationship among current, voltage and 

resistance in a simple circuit 

o Relate the energy dissipated in a circuit to the resistance, current and brightness of 

bulbs 

o Explain the parallel circuits, components including switches, fuses, outlets and 

circuit breakers, and the safety aspects of household wiring 

o Analyze the electrical energy consumption of a household appliance, including 

EnerGuide consumption and reading hydro meters 

 

Exploring the Universe: 

o Use a coordinate system to locate visible celestial objects, and construct an 

astrolabe to determine the position of these objects with altitude and azimuth 

o Observe the motion of visible celestial objects and organize collected data, such 

as tracking the position of the moon and planets over time or tracking sunrise and 

sunset data 

o Explain the apparent motion of the Sun, stars, planets, and the Moon as seen from 

Earth including daily rising and setting, seasonal constellations and retrograde 

motion 

o Investigate Canada’s role in space research and international programs like the 

International Space Station (ISS) and Canadarm, and use the decision-making 

process to address a related issue 

o Evaluate the impact of space science and technologies in terms of their benefits 

and risks to humans 

 

29. Prior to the COVID-19 pandemic, which of the following specific learning outcomes did 

you teach through “hands-on” learning activities/practical work in your Grade 10 science 

classes? (Select all that apply if you taught Grade 10 science) 

 

Ecosystems: 

o Illustrate and explain how carbon, nitrogen, and oxygen are cycled through an 

ecosystem 
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o Construct and interpret graphs of population dynamics 

o Observe and document a range of organisms that illustrate the biodiversity within 

an ecosystem 

o Investigate how human activities affect an ecosystem and use the decision-making 

process to propose a course of action to enhance its sustainability 

 

Chemistry: 

o Investigate the Law of Conservation of Mass, and recognize that mass is 

conserved in chemical reactions 

o Investigate and classify reactions as synthesis, decomposition, single 

displacement, double displacement, or combustion 

o Experiment to classify acids and bases, using pH and indicators 

o Investigate technologies used to reduce emissions 

 

In Motion: 

o Analyze the relationship among displacement, time and velocity for an object in 

uniform motion 

o Collect displacement data to calculate and graph velocity versus time for an object 

that is accelerating at a constant rate 

o Analyze the relationships among velocity, time and acceleration for an object that 

is accelerating at a constant rate 

o Experiment to illustrate the effects of inertia in car collisions 

o Investigate and describe qualitatively Newton’s Third Law 

o Investigate conditions that illustrate the effects of friction on motion such as 

surface materials 

o Investigate the factors that influence braking distance 

 

Weather Dynamics: 

o Explain effects of heat transfer within the atmosphere and hydrosphere on the 

development and movement or wind and ocean currents 

o Collect, interpret and analyze meteorological data related to a severe weather 

event 

 

30. Since the start of the pandemic in March 2020, which of the following specific grade 10 

learning outcomes did/do you teach using different/alternative learning activities not 

“hands-on”/don’t involve practical work? (Select all that apply if you taught grade 10 

science) 

 

Ecosystems: 

o Illustrate and explain how carbon, nitrogen, and oxygen are cycled through an 

ecosystem 

o Construct and interpret graphs of population dynamics 

o Observe and document a range of organisms that illustrate the biodiversity within 

an ecosystem 

o Investigate how human activities affect an ecosystem and use the decision-making 

process to propose a course of action to enhance its sustainability 
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Chemistry: 

o Investigate the Law of Conservation of Mass, and recognize that mass is 

conserved in chemical reactions 

o Investigate and classify reactions as synthesis, decomposition, single 

displacement, double displacement, or combustion 

o Experiment to classify acids and bases, using pH and indicators 

o Investigate technologies used to reduce emissions 

 

In Motion: 

o Analyze the relationship among displacement, time and velocity for an object in 

uniform motion 

o Collect displacement data to calculate and graph velocity versus time for an object 

that is accelerating at a constant rate 

o Analyze the relationships among velocity, time and acceleration for an object that 

is accelerating at a constant rate 

o Experiment to illustrate the effects of inertia in car collisions 

o Investigate and describe qualitatively Newton’s Third Law 

o Investigate conditions that illustrate the effects of friction on motion such as 

surface materials 

o Investigate the factors that influence braking distance 

 

Weather Dynamics: 

o Explain effects of heat transfer within the atmosphere and hydrosphere on the 

development and movement or wind and ocean currents 

o Collect, interpret and analyze meteorological data related to a severe weather 

event 
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Appendix C 

Teacher Interview Protocol 

 

1. How does your experience teaching Grade 9 or 10 science prior to the COVID-19 

pandemic generally compare with teaching these courses during the pandemic? 

 

2. Prior to the pandemic, did you teach all four units/clusters in the Grade 9 course 

(Reproduction, Atoms and Elements, Nature of Electricity, Exploring the Universe) 

and/or in the Grade 10 course (Ecosystems, Chemistry, Motion, Weather); and which 

clusters did you prioritize or spend more time teaching, and which ones were given lower 

priority? 

 

3. Prior to the pandemic, did you try to teach all learning outcomes in the Grade 9 and/or 10 

course, including concepts, skills and attitudes? For instance, in Grade 9 Reproduction 

did your class observe, collect and analyze data of single trait inheritance; or discuss the 

implications of biotechnologies; or use the decision-making process to address a current 

biotechnology issue? Or in Grade 10 Chemistry for example, did your students 

investigate the conservation of mass in a laboratory activity; or perform experiments to 

investigate the five types of chemical reactions?  

 

4. Prior to the pandemic did you prioritize any learning outcomes in your Grade 9 and/or 

Grade 10 science classes or leave any out, and if so, what were your reasons for doing 

so? 

 

5. Since the pandemic began in March 2020, which, if any clusters in your Grade 9 and/or 

Grade 10 science classes have you given higher or lower priority, and what have you 

considered when making these decisions? 

 

6. Since the pandemic began in March 2020, have your priorities of specific learning 

outcomes that you teach in Grade 9 and/or Grade 10 science changed? If so, which 

learning outcomes are now given higher or lower priority – specific concepts like atoms 

and compounds in Grade 9 chemistry; or general skills and attitudes like addressing safe 

driving conditions in Grade 10 motion; and what are your reasons for this adjustment? 

 

7. What specific teaching modes have you experienced since the start of the pandemic – 

remote/online, blended, synchronous/asynchronous, full classes with restrictions, other; 

and how has each mode affected what you choose to teach, and how you teach? 

 

8. How do the types of learning activities you provide for your Grade 9 and Grade 10 

students compare before and during the pandemic? 
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9. Overall, how have restrictions to practical learning opportunities affected your ability to 

teach Grade 9 and/or Grade 10 science throughout the pandemic, and how do you think 

your response to restrictions has affected your students’ ability to learn science? 

 

10. During the pandemic, how important is it for you to promote the general learning 

outcomes (GLOs) and specific skills and attitudes learning outcomes in Cluster 0 of the 

Manitoba science curriculum documents in Grade 9 and/or Grade 10 science?  

 

11. During the pandemic, how important is it to promote science concepts described in the 

specific or prescribed learning outcomes found in the Manitoba science curriculum 

documents, such as defining voltage in Grade 9 science, or describing bioaccumulation in 

Grade 10 science? 

 

12. Prior to the pandemic, how often might you engage your Grade 9 and/or Grade 10 

students in a hands-on practical learning activity, and what are examples of such 

activities? 

 

13. Have you created and/or implemented alternative learning activities to replace the 

traditional practical ones limited by school lockdowns and restrictions, and if so, what are 

some examples? 

 

14. Do you think that these alternative learning activities have been effective for advancing 

concepts, skills and attitudes necessary for scientific literacy, and that students – at least 

some students demonstrated evidence of growth in these areas? For example, have they 

demonstrated improved inquiry, problem solving, critical thinking and decision-making 

abilities? 

 

15. What types of adjustments have you made in your teaching approach since the pandemic 

began, with consideration to oral presentations, demonstrations, laboratory or hands-on 

learning activities, class discussions, student project work, research or written 

assignments? 

 

16. Have you made changes to your assessment practices in Grade 9 and/or Grade 10 science 

throughout the pandemic, and if so, what changes have you made and why have you 

made them? 

 

17. How does student performance and achievement in Grade 9 and/or Grade 10 science 

generally compare before and during the pandemic, and are any particular changes in 

learning apparent? 

 

18. What impact do you think the pandemic might have on the overall development of 

student scientific literacy – concepts, skills and attitudes, and as such how prepared are 

your Grade 9 and/or Grade 10 students for their next course/level in science? 
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19. Reflecting back to March 2020, would you make any changes to what you teach or how 

you teach Grade 9 and/or Grade 10 science during the pandemic, and if so, what would 

you change and why? 

 

20. Has your Grade 9 and/or Grade 10 science teaching experience through COVID-19 

affected your future teaching practices for Grade 9 and/or Grade 10 science, and if so, in 

what way? 
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Appendix D 

Table D1.  

Abbreviations Used in this Study 

 

Biological Sciences Curriculum Study 

 

BSCS 

Blended Learning 

 

BL 

Council for Education and Teaching 

 

ICET 

General Learning Outcome(s) 

 

GLO / GLOs 

Learning Outcome(s) 

 

LO / LOs 

Manitoba Education and Training 

 

MET 

Nature of Science 

 

NOS 

Place-based Education 

 

PBE 

Privacy Training for Researchers 

 

PHIA 

Project-based Learning 

 

PBL 

Science Curriculum Improvement Study  

 

SCIS   

Science, Technology, Society and the Environment 

 

STSE 

Scientific Inquiry 

 

SI 

Socio-scientific Issues 

 

SSI 

Specific Learning Outcome(s) 

 

SLO / SLOs 

Tri-Council Policy Statement Course on Research Ethics 

 

TCPS 2: CORE 

United States 

 

U.S. 

Workplace Hazardous Materials Information System 

 

WHMIS 
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Appendix E 

Table E1.  

Code Groups, Codes and Abbreviations used in Transcript Analysis 

 

Code Group     Codes and Abbreviations      Code Group       Codes and Abbreviations 

School 

Structure 

Manitoba Education ME Educational 

Foundations 

curriculum C 

government decisions gov unit/cluster unit 

administration ad specific LOs SLOs 

safety S* general LOs GLOs 

pandemic mode t cluster 0 SLOs 0! 

Teacher 

Experiences 

relationships R Resources equipment/material eqp 

mental/physical health H technology tech 

dedication ded time 24h 

practical work Pw teacher supports t+ 

difficulty/concerns D! teacher training tt 

development/growth  grw Learning 

Impacts 

scientific literacy SL 

Teaching 

Science 

teacher approach/style T* concepts con 

instructional mode im skills/attitudes sk/att 

priorities NB knowledge gaps G? 

expectations x↓ critical thinking CT 

restrictions RX motivation mot 

student engagement Sng benefits B? 

assessment gd student supports SS!! 

alternatives/adjustments alt future needs fuN 

 


