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Abstract

The peer-review process allows students to engage in the valuable exercise of critically
thinking about how they generate and judge the validity of an idea. This is a cornerstone of the
scientific community and a core component of biological sciences. Some students in
undergraduate studies routinely underperform in the traditional educational experience and
benefit greatly from active learning. In a first-year introductory biological science course at the
University of Manitoba, | studied the population by using an online peer-review platform called
Peerceptiv to study the standardized learning gains of different demographic groups of students
to determine if any subgroups experienced a disproportional benefit in this learning exercise
compared to any others. | hypothesized that peer-to-peer feedback on scientific graphing would
raise the measurable graded assignment scores of URM students in undergraduate biological
science, and therefore predicted that there would be no significant difference between URM and
non-URM students' graded performance after peer-to-peer input. Students in certain groups did
have higher learning gains over the course of the semester when averaged however, these results
were not significantly different from the rest of the population. Overall, the reception of the
exercise was very positive in student perceptions with 79% of respondents saying that it helped
them understand the concepts they learned about. The strongest response was from students
saying that getting reviews of their work was the most useful, with 87%. Ultimately, this study
shows that students learn from the peer review process and have learning gains associated with it
however, additional testing is necessary to definitively say which groups may or may not benefit

the most from this activity.



Acknowledgements

To Cassandra Debets, thank you for the wonderful learning experience in teaching as a
TA and studying biology education as my advisor. | learned so much from this project.

To Dr. Joy Stacey, thank you for introducing me to science and critical thinking in a
university setting from first year biology to an honours student six years later. Your advice over
the years has been invaluable and I have learned so much from you about what kind of educator |
want to be.

To Tamarah Kelly, your advice on this project was invaluable and with your
encouragement I look forward to doing more research in education in the future.

To Crystal, Aella, and Ransom, you suffered so much over the last 6 years while |
worked hard to finish this degree, let alone this paper. | will never be able to repay your
sacrifices to the extent that | should. Thank you for your support.

Thank you to all those who said, “you’ve got this”, you were right, but the phrase makes
me sick now from hearing it so many times.

No thank you to the community who used the phrase “Do your own research”. | did it,

my therapist will be billing you directly for the trauma you caused.



Table of Contents

8 oo 11y 1 o] o SR 1
Rationale/Hypothesis/PrediCtiONS.............cciiiiiiiiie ettt e re e 5
Y T=] Vo0 TSSO PRSP RROR PPN 5
COUISE DESCHIPTION. ...ttt bbbt h bt b e bbbt bt e et et e bt b e b b n e n e 5
ASSIGNIMENT DESCEIPTION ...ttt ettt b b b st et e e et b e r b nn e n e 6
Demographic and PerceptioN SUNVEY .........cccoiiieiiiiieieisiesie sttt 7
STALISTICAI IMETNOUS. ... ... bbbttt b e bbb e e 7
RESUITS ...ttt bbbt bt bbb bR e Rt E R bR bttt R bbb bbb e 9
Standardized Learning GaINS..........cooiiiiiiiieieieese sttt nn e nennen s 11
STUTEBNT PEICEPTIONS ...ttt bbbttt e sttt e bbb 12
Do 11 [ ] o TSR 13
Demographic Groups Show No Significant DIfferences.........cocccviveiiiiiic i 14
All Students Benefited From PEEr-REVIEW ...........ccuiiiiiiiiieienieiee s e 15
Future SUrveY CONSIAEIATIONS .........cviiiiiiiteie ettt bbbttt b 17
] (=] =] 0L PSS 19
Q=T o] (ETS= Vo ol oo o0 L= USSR 23
AN o] 011 o [ SR R 28
F AN o] 01T o [t o U o SRR 28

Appendix B. ASSIGNMENT RUDIIC .......coiiiiiiieee e 30



List of Tables:

Table 1. Racial amalgamation to the standard shown in Appendix part A

Table 2: Student Grouping and Subgrouping Demographics: total count 787 students

Table 3: Welch’s Two-Sided T-Test Showing tests between pairings of L2S-L3S, L3S-L6S
Table 4: Kruskal-Wallis test for Assignment L2S testing for significance of learning gains
Table 5: Kruskal-Wallis test for Assignment L3S testing for significance of learning gains.
Table 6: Kruskal-Wallis test for Assignment L6S testing for significance of learning gains.

Table 7: Student Grouping and subgrouping means of all three assignments

Table 8: Student Opinions on Peer Review Effectiveness



List of Figures:

Figure 1: Boxplot showing standardized learning gains

Vi



Introduction

Learning includes a large umbrella of study, including both biological and psychological
components (Deslauriers et al., 2019; Piaget et al., 1952). The overall biological mechanistic
theories are primarily concerned with the neurophysiological processes. The prefrontal cortex is
responsible for the identification and initial signalling of visual stimuli for learning. The dorsal
region first recognizes and learns the new information, and then the recurring identification of
the learned model is repeated throughout a more widely distributed area. (Meyers et al., 2012).
Other areas of study are more interested in the psychological theories of learning. The
psychological theories include four main schools of approach for study: behaviourist, cognitive,
constructivist, and social (Helou et al., 2018; Maddox et al., 2011; Orsmond et al., 2006). Social
learning, in particular, has an interactive component that differs from the other psychological
components of learning as defined by the Social Component of Learning Theory by Wenger

(Meris, K. 2008. Pg 209-232).

Social learning sets itself apart from them by being an interactive experience between
two or more individuals. Social learning in this peer-to-peer space is an aspect of active learning
and involves the demonstration and imitation of skills (Bandura, 1977; Illeris, K. 2008, Pg 209-
232; Smith et al., 2009). The increased engagement between differing demographic groups of
students has a positive correlation with an increase in self-reported critical thinking and analysis

(Strayhorn 2009). Social learning is important for active learning to be more effective and



impactful in and out of the classroom. The peer-to-peer space especially requires increased social

interactions.

Active learning involves frequent tests of application, notetaking, critical thinking, and
peer engagement (Freeman et al. 2007; Deslauriers et al. 2011; Fraser et al. 2014; Hake 1998). It
is a vocal, involved, dynamic, and sometimes unpredictable process (Bonwell & Eison, 1991). In
the active learning environment, the feedback that students receive becomes a conversation that
is more than simply correcting what they may or may not have gotten wrong; it becomes an
integral part of the normalization of learning together and supporting each other. In-class open
discussion clickers, and short answer in-class quizzes in a digital format, are examples of active
learning shown by Freeman (et al. 2007) where students gain understanding by engaging with
questions that stimulate discussion and the recall of previously heard or read knowledge.
Experiments and activities that ask for the application of knowledge assist further and in course
experiments led by Deslauriers, Fraser, and Hake, results show that when students apply the
knowledge from notes taken and use critical thinking with peers to problem solve they learn
better than simply when using the socratic lecture method (Deslauriers et al. 2011; Fraser et al.

2014; Hake 1998).

Though the active learning approach benefits all students, it does not benefit all students
equally (Theobold et al., 2020; Strayhorn, 2009). This is particularly true for Underrepresented
minority students (URM). In a review and meta-analysis of studies that measured student
performance (15 studies on student examination totalling 9,238 students and student failure rates

from 26 studies including 44,606 students), the achievement gap was decreased between URM



and non-URM students by 33% on identical or similar examinations when using active learning
(-0.62 SDs in traditional lecture vs —0.42% SDs in active learning lectures) (Theobold et al.,
2020). In North America, this group consists of a wide range of people who are
underrepresented in their given field and more specifically in STEM fields in comparison to the
general population. These groups of students experience higher attrition rates in finishing a
degree in six years than others in the cohort. Completion rates for students in the USA fall to
around 52% for Asian Americans, 43% for Caucasians, 22% for African Americans, 29% for
Latinx, and 25% for Indigenous (National Academy Press, 2016). Typically, students are asked
to self-declare racial or gender categories to describe themselves and their experience (Ballen et
al. 2017). For my definition of URM, any student not Caucasian or Asian (excluding the Indian
subcontinent) and in the biologically male category will be considered a URM student. In this
case, biological male applies to those who are called male at birth and do not later express a
different gender than assigned at birth. An example of a URM student at the University of
Manitoba with multiple factors for status would be a first-generation university student of
Indigenous descent, part of the LGBTQIA2+ community, and a biological female (Ballen et al.,

2017; Estrada et al., 2016).

Peer review can be an extension of active learning outside of the classroom and used in
student assessment. Using peer review in scientific writing involves writing your paper and then
having those in your field review the information and give feedback about the quality of your
writing (Topping, 2009). In practice, students write out a piece of writing and grade or edit each
other's writing. The student then analyzes the feedback, and improvements are made. As a tool in

university, it mirrors much of the peer review process in scientific publications. Students who



engage in this process gain valuable insight and possibly more frequent personal feedback about
their writing than when they turn in an assignment to an instructor who may have limited
resources as the student-to-student ratio is far better than an instructor with 120 students

(Huisman et al., 2019).

Evidence shows that students, especially URM students, gain learning experience from
peer feedback despite their lack of experience in scientific writing (Biango-Daniels & Sarvary,
2021). Being a relatively young field, quantitative data with stable controls in large data sets to
determine the effectiveness of peer review has needed to be more robust compared to other
fields. Prior to the creation and acquisition of the Peerceptiv platform by the University of
Manitoba, made it difficult to measure and track the improvements of the high number of
students that would provide accurate analysis. The use of peer review as an assessment tool is
quite young and its effectiveness has not been measured extensively in prior studies as without
Peerceptiv comparisons become more difficult to ascertain and measure. (Debets, Unpublished).
A meta-analysis of the literature on peer-to-peer feedback resulted in better student performance
in scientific writing assignments compared to no feedback or self-assessment (Huisman et al.,
2019). When the teacher gave feedback, the results were similar to writing improvements in the
group that peer-reviewed each other's work. The quality of writing did not improve significantly
with feedback from multiple peer sources and was just as effective if only one person gave
genuine peer-to-peer feedback. At the time of the analysis, there was still little methodologically
sound research, and the presented examples had sample sizes too low to be considered reliably

significant (Huisman et al., 2019).



Rationale/Hypothesis/Predictions

The goal of this study is to measure the difference in the variation that peer-to-peer
feedback has on biological undergraduate students in a diverse student population. From
observations at the University of Manitoba, the gap between the success rate of URM students in
final overall grades and the rest of the student population is large enough to warrant the
intervention of active learning (Debets, Unpublished). Theobald (et al. 2020) demonstrated
reduced learning gaps and higher performance gains for underrepresented minority students.
Therefore, | hypothesize that peer-to-peer feedback on scientific graphing will raise the
measurable graded assignment scores of URM students in undergraduate biological science, and
therefore predict that there will be no significant difference between URM and non-URM
students' graded performance after peer-to-peer input. | predict that larger learning gains will be
found among URM students, and those who fit multiple categories of URM status will show the
most increase in learning gains. It is expected that second-generation university students, White
and Asian (excluding the Indian subcontinent), and biological, straight males will have the
lowest learning gains with peer-to-peer learning. | expect the learning gains expressed by the
population will increase over the three assignments during the semester and that the gap in

learning gains between URM and non-URM students will decrease.

Methods

Course Description

The first-year biology labs (BIOL 1020 B01 - B10) at the University of Manitoba are
introductory-level courses for students from a broad range of disciplines. This is often one of the

first courses taken in the Faculty of Science and comes with a steep learning curve that provides



a stark contrast between high school and university-level studies as students must be more self
motivated and the intellectual difficulty increases. This lab-based portion of the course is a
prerequisite for many other biology-related courses and is linked with a lecture component. It is a
direct prerequisite for BIOL 1030 to continue in the faculty of science majoring in Biology.
Students in this course learn basic principles of biology, which include bioenergetics, cell
division, genetics, evolution, and cell biology.

Graphing in the BIOL 1020 labs involves instruction during labs 1 and 2 on how to
create, interpret, and present statistical data in the biological context and the appropriate
formatting for that information. Students learn about the importance of peer-to-peer feedback in
university-level studies to inform and improve performance on assignments. This assists in
decreasing outliers of extreme improvement from the draft to the final submission of the

assignments.

Assignment Description

Graphing in the sciences is a skill that many students struggle to understand appropriately
and provides an opportunity to evaluate a skill needed across scientific disciplines (Gardner et
al., 2024). There were six lab assignments throughout the course which were all based on
graphing scientific data collected during the lab period. Assignments (2, 3, 6) were submitted to
a platform online called Peerceptiv where students engaged in the process of peer review by
submitting graphing assignments for initial review by two peers who then graded based on a

rubric provided (Appendix Part B).



Demographic and Perception Survey

The data collection for surveying students was carried out according to a protocol
approved by the University of Manitoba human ethics research board. Students were advised of
its need for completion on UMLearn as part of the grade for the course (value 1%). Student
names will not be used in the analysis of the data, and students were given the choice to consent
to the study after completion of the questionnaire (See Appendix part A) research was carried out

according to a protocol approved by the University of Manitoba human ethics research board."

Statistical Methods

I removed students who obtained a zero on assignments 2,3, and 6 for both the
Peerceptiv and the UmLearn submission to eliminate students who, for whatever reason, did not
engage with the process. For overall grades for assignments not analyzed in the comparative
analysis of the effectiveness of Labs 2,3, and 6, | left in scores of 0 or blanks, which in the group
already selected likely represent students who finished the course but simply did not finish one
of the assignments not included in this study. These scores were kept to keep an overall sense of
the student's grade for later analysis. The remaining total for my population is 787 students.

Students' racial data were grouped when the declared racial identity was geographically
close to another regional area for the purposes of testing the groups. If students had two different
racial identities, they were categorized as “Mixed” if the declared identities were not
amalgamated into larger groups (Table 1). In the cohort, | differentiated between racial
declaration of indigenous heritage and indigenous status, as some individuals identify as

indigenous, however, they also declared multiple racial profiles. The category of indigenous



includes any individual who declared indigenous heritage when it is part of the question asking

about indigenous identity.

Table 1. Racial amalgamation of racial self identification of students in demographic survey to

the standard shown in Appendix part A

Original Declaration of Race

Changed To

Kyrgyz, Turkish, Israeli,Jewish,Kazakh,Persian,Persian/Baloch

Middle Eastern/Central Asian

Eastern Slavic,Russian,Slavic,Ukrainian,Caucasian

White

Aboriginal,First Nations, Métis Indigenous
Japanese,Chinese,Koean, Taiwanese East Asian
Latin American Latino

Vietnamese,Filipino

Southeast Asian

Indian,Punjabi

South Asian

Mauritian,Nigerian

Black

Canadian

Prefer not to say

Statistical data package was R-Studio. Student assignment scores were calculated

according to a standardized learning gain as follows:

Learning Gain = Final Submission - Initial Submission / 1 - Initial Submission

The standardized learning gain for each of the three sets was then assigned a label based on its

position in overall assignments out of 8 in the semester, LS2, LS3, and LS6. Students who

received a worse score on the final submission than the initial submission were rounded up to 0

for learning gains. Of the total of 787 students, LS2 had 464 counts of 0, LS3 had 381 counts,

and LS6 had 322 counts TABLE. | used Kruskal-Wallis tests to determine differences in learning

gains between demographic groupings. To look at the overall comparison in learning gains

throughout the semester, a t-test was conducted to sample the difference between the pairings of




LS2-LS3, LS3-LS6, and LS2-L.S6. A p-value of < 0.05 was used to determine significance in all

tests.

Results

Data was obtained from the fall 2024 Biology 1020 Lab component of the course. The
total number of students in the sample obtained was 1193. Interestingly enough, the population
studied had a large number of individuals declaring She/Her pronouns, with 523/787 respondents
affirming. The largest majority of students in the population were White (311), not
LGBTQIA2S+ (654), Second generation Students (637), First year students (588), not
International students (699), She/Her pronouns (523), English was a first language (527) and
were not Indigenous (714) (Table 2).

Student Demographics:

Table 2: Student Group and Subgroup Survey Results At the University of Manitoba Fall 2024.

Demographics Count % Demographics Count (%
Race LGBTQIA2S+
Black 65 8.26 Yes 96 12.20
East Asian 36 4.57 No 654 83.10
Indigenous 20 2.54 Prefer not to say 37 4.70
Latino 11 1.40
South Asian 113 14.36 First-generation student
Southeast Asian 96 12.20 Yes 133 16.90
White 311 39.52 No 637 80.94
Middle East/West Asian 31 3.94 Prefer not to say 17 2.16
Prefer not to say 37 4.70
Mixed Race 67 8.51 Undergraduate Year

1st 588 74.71
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International Student 2nd 122 15.50
Yes 84 10.67 3rd 48 6.10
No 699 88.82 4th 15 1.91
Prefer not to say 4 0.51 Prefer not to say 14 1.78
Pronouns Indigenous Identity

He/Him 238 30.24 Yes 59 7.50
She/Her 523 66.45 No 714 90.72
They/Them 10 1.27 Prefer not to say 14 1.78
Prefer not to say 16 2.03

English Is a 2nd Language

yes 250 31.77

no 527 66.96

Prefer not to say 10 1.27
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Standardized Learning Gains

In the tests using the Kruskal-Wallis test (Table 4, Table 5, Table 6), there were no
significant differences in learning gains among groups. In the student population, there was no
significant difference between groups of students or within those groups when it came to the
learning gains experienced by the populations studied. Though results were not significant, I did
average out the learning gains found in all three assignments to see what the overall average
increase in mean learning scores was for each subgroup within the larger groups . Of note, the
highest scores that were more than .1 (1%) higher than other scores over the entire semester
were; Pronouns-They/Them (mean=.374 n=10), 1stGenStudent-Yes (mean=.340 n=133),
English2nd-Yes (mean=.335 n=250), Race-Indigenous (mean=.358 n=20), and Student year-2nd

year (mean=.324 n=122)(Table 7).

In the next test | decided to look at overall standardized learning gains in the population
and found that among the entire student population, learning gains were found to to be
significant from pairings of LS2-LS3, LS3-LS6, and LS2-LS6 (Table 3), and the mean learning
gains increase over the course of the semester (Figure 1)L2S: Mean-.20, Min-0, Q1-0, Median-0,
Q3-0.42, Max-1. L3S: Mean .32, Min-0, Q1-0, Median-.008, Q3-0.67, Max-1. L6S: Mean .42,
Min-0, Q1-0, Median-0.35, Q3-0.86, Max-1).

Figure 1: A boxplot showing standardized learning gains (Learning Gain = Final
Submission - Initial Submission / 1 - Initial Submission) from L2S, L3S, and L6S with a max of
1.0. L2S, L3S, and L6S represent the assignment learning gain from the second, third, and sixth

assignments in the semester that were submitted first to Peerceptiv and then second to UMLearn
as a final submission.
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Table 3: Welch’s Two-Sided T-Test Showing tests between pairings of L2S-L3S, L3S-
L6S, and L2S-L6S, to test for significance in learning gains among all students.

Comparison | t-statistic | df p value Cl lower | Cl upper
L2S vs L3S -71.274 1455.0 p<.001 -0.155 -0.089
L3S vs L6S -5.282 1557.7 p<.001 -0.145 -0.067
L2svsLes |-12720 [13833 P91 lo2e3  |o.193

Student Perceptions

Students overwhelmingly valued the peer-review process and answered affirmatively
with either an agree or strongly agreeing that using peer review helped them learn science skills
(80%), that getting reviews on their work was the most useful (87%), providing reviews on

others' work was the most useful (76%) and that their understanding of concepts increased by
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using peer review (79%). Of those that felt negatively about the process, only 10% felt that peer
review was a waste of time or that their work did not improve because of peer review 13%. Of

the entire population, 83% would want peer review to be used in future assessments (Table 8).

Discussion

Overall, the learning gains improved over the course of the semester for all students, but
mostly for those students identifying as Pronouns-They/Them (mean=.374 n=10),
1stGenStudent-Yes (mean=.340 n=133), English2nd-Yes (mean=.335 n=250), Race-Indigenous
(mean=.358 n=20), and Student year-2nd year (mean=.324 n=122) (Table 7) .

Students did show overall increased learning gains over the course of the semester
between these assignments, and the results were significant despite a large proportion doing
worse than their initial submission. The process benefited all students approximately equally in
the cohort, and students learned from prior mistakes in the semester or adapted to the format.
This is in contrast to other studies that have shown a disproportionate learning gain in the student
population where URM students have higher learning gains than NON-URM (Theobold et al.
2020). There were no significant differences between the groups of surveyed students when
standardized for learning gains, demonstrating that all students benefited approximately in the
same way (Table 4, Table 5, Table 6). In LS2, LS3, and LS6, students' performance remained
relatively consistent with each other in spite of URM or NON-URM categorization. In the
population, a high proportion of students did worse on the second submission after receiving a
higher initial mark, suggesting factors in the process that need to be corrected for. Notably, if
both the one submitting the assignment and the one reviewing take the process seriously we do

see maximum gains in the learning gain (Biango-Daniels & Sarvary, 2021). When students had
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an initial submission to the Peerceptiv platform they received feedback from peers and then were
given an opportunity to correct or improve the final submission. In some cases, students either
did not correct for the final submission, or they got the same score as the initial submission. In
either case the learning gain for those projects calculated was 0. Mean standardized learning
scores in the population increased through the semester and show that initial vs second
submissions after peer review increased the opportunity for students to learn from the process.
Overall, there are positive trends in the effectiveness of peer review as a learning tool; however,
methods for measuring the learning gains need improvement to ascertain which groups are

benefiting the most.

Demographic Groups Show No Significant Differences

There were no significant results found within the demographic subgroupings of different
students tested (Table 4, Table 5,Table 6). For example, the grouping of Pronouns contained
within it four respondent categories; He/Him, She/Her, They/Them, and Prefer not to say (Table
2). Upon testing, no significant differences were found between any of the groupings or
subgroupings. This is in contrast to other studies that found some groups benefited more than
others significantly (Theobold et al., 2020; Strayhorn, 2009). Though this data was not
significant, some groups had minor hi (Table 7), suggesting that the lack of statistical
significance on this particular test means that some refinement must be done on the method for
the collection and grading of the data. This could be due to a number of factors. In this cohort,
the first round of submissions to Peerceptiv was benchmark graded and not as stringent in the
grading process as the second set in the final submission. This had an effect on the measurable
learning gains | could detect in the sample of 787 students. As stated prior, LS2 had 464 counts,

LS3 had 381 counts, and LS6 had 322 counts of a 0 score or less for standardized learning gains.
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It is of note that the number of leaning gains that equalled O decreased over the course of the
semester. There are two possible explanations for this outcome. The first would be that students
initially thought that their submission was good enough and simply turned it in again without
reviewing. Students are shown to not be as critical of their own work as an expert would be
(Biango-Daniels & Sarvary, 2021). Whether or not it is possible for further testing of this
concept remains to be seen, as the labour and consistency required to grade over 1000 is higher
than was available. In future studies, a smaller cohort might be selected at the beginning to have
a pre-approved sample size that the same expert consistently grades, as this has been shown to
act as a secondary control, allowing for a reference point to be established (Biango-Daniels &
Sarvary, 2021). This would allow for a comparison of the expertly reviewed and graded vs. the
ones done by peers and markers. Even if all of the peers are competent, none of them have
expertise in education to the same level as the primary educator (Biango-Daniels & Sarvary,
2021; Andrews et al., 2011). The peer review that occurs from an instructor with a higher level
of education giving feedback has been shown to be more accurate and viable for the quality
provided (Biango-Daniels & Sarvary, 2021; Andrews et al., 2011). This has been shown to have
an effect on the results of active learning in biological science as students overemphasise the
knowledge that they have and miss things in the evaluation of their own and of peers' work
(Andrews et al., 2011). That being said, the peer-review process still results in the occurrence of
active learning even when an expert is not the one grading every single submission (Biango-

Daniels & Sarvary, 2021.

All Students Benefited From Peer-Review

Our overall student population did show learning gains within assignments over the

course of the semester (Table 3)(Figure 1). This supports the evidence that active learning by
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peer review increases understanding and retention in the population. The mean gains over time
exhibit a steady increase in the learning gains of the student population regardless of
demographic data (Theobold et al., 2020; Strayhorn, 2009).

As the semester goes on and they understand the system better, student learning may be
skewed on low-risk assessments as they put forward only enough effort to get an equivalent
reward (Salomon & Globerson, 1989). The initial submission then may suffer, and so a lower
initial score is obtained resulting in the final submission having a higher learning gain. A higher
value for assignments would likely have a better result in future iterations.

Student responses also have a high impact socially. Students fall into a range of
categories from highly motivated and engaged to disengaged and less motivated (Salomon &
Globerson, 1989). Socially, if a highly motivated student sees that they are not getting good
feedback from peers, they may decide not to engage with the active learning activity as much in
later tests. Students who do not feel that peers are engaging with the process of peer-review can
become unmotivated by the lack of commitment to the process by peers and so decrease the
quality of work to match the level of effort of peers (Salomon & Globerson, 1989). Lack of
motivation may be remedied by increasing the rubric value for giving valuable feedback and
giving instructions for what students should be looking for when they review as they give
feedback. For those who do engage in the review process, either by giving or receiving feedback,
learning gains are still expected to be similar to when expert feedback is given on the topic
(Biango-Daniels & Sarvary, 2021). Our particular group of students responded very positively to

the experience (Table 8).
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Future Survey Considerations

In this data cohort, it was assumed that students who obtained a 0 did not engage with the
process of peer-to-peer learning, as they did not turn in any assignment at all for grading or
submitted the wrong document so those students were deleted from the data. For demographic
choices, it was found that racial data had a smaller effect on our study than expected. Factors of
race have wrapped up in them factors that influence student success, but the geographic or
cultural origin of a person is not an accurate enough indicator in all cases for statistical study.
Future surveys should likely ask for information from students about where they went to high
school, financial income, if they work, or other indicators of coming from a less privileged
situation that pulls from a student's mental resources and causes stress inhibiting learning, access
to resources, and time allocation for education (Ong et al., 2019).In a study done on the
psychological functioning of those with low income, those who had high amounts of debt every
month experienced a bandwidth loss and a mental tax on decision making and capacity(Ong et
al., 2019). The closest indicator found in this study for this type of information is likely found in
the number of first-generation students in comparison to the overall population of 17%. Though
this is not a direct indicator of income, students who are first-generation students may have less
familial support than those who have family members who have higher learning degrees and
consequently fewer financial resources.

In conclusion, the importance of studying how peer review affects student performance
cannot be understated. Critical thinking and collaboration in our world an important social and
intellectual skill that is a cornerstone of a functional society. Students benefit from the
experience and it engages them on more than just the memorization of facts. Placing the

responsibility for education in the hands of the community rather than only on the shoulders of a
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few. Investigating this gives students a varied and interactive experience that touches on themes

they will experience later in both careers and the educational journey.
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Tables and Figures

Table 4: Kruskal-Wallis test for Assignment L2S testing for
significance of learning gains

Assignment L2S
GroupingVariable
Pronouns
International Student
English2nd

Race

Rainbow
1stGenStudent

Indigenous

Statistic

0.121
1.119
1.007
8.02
1.644
3.24

0.436

DF

P-Value
0.9892
0.5716
0.6045
0.5321
0.4395
0.1979

0.9328

Table 5: Kruskal-Wallis test for Assignment L3S testing
for significance of learning gains.

Assignment L3S
GroupingVariable
Pronouns
International Student
English2nd

Race

Rainbow
1stGenStudent

Indigenous

Statistic
4.359
3.726
0.905
8.882
2.535
2414

1.511

DF

P-Value
0.2253
0.1552
0.6359
0.4482
0.2815
0.2992

0.6797
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Table 6: Kruskal-Wallis test for Assignment L6S testing
for significance of learning gains.

Assignment L6S
GroupingVariable
Pronouns
International Student
English2nd

Race

Rainbow
1stGenStudent

Indigenous

Statistic
5.197
2.942
2.879
3.061
0.443
1.054

1.423

DF

P-Value
0.1579
0.2297
0.2371
0.9618
0.8014
0.5905

0.7001
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Table 7: Student Grouping and subgrouping means of all three assignments

Mean std n Mean | std n
ALL dev ALL dev
Pronouns Rainbow
He/his 0.311 0.209 238 No 0.313 0.224 654
She/her 0.311 0.227 523 Yes 0.307 0.219 96
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They/Them 0.374 0.242 10

1stGenStudent
InternationalStudent No 0.305 0.221 | 637
No 0.314 0.225 699 Yes 0.340 0.225 | 133
Yes 0.307 0.205 84

English2nd
Race No 0.302 0.222 527
Black; 0.317 0.209 65 Yes 0.335 0.223 | 250
East Asian; 0.334 0.182 36
Indigenous; 0.358 0.247 20 StudentYear
Latino; 0.279 0.137 11 1st year 0.309 0.224 | 588
Middle Eastern/West Asian 0.301 0.229 31 2nd year 0.324 0.224 | 122
Mixed Race; 0.270 0.227 67 3rd year 0.306 0.201 |48
South Asian; 0.325 0.232 113 4th year or more 0.302 0.178 |15
Southeast Asian; 0.297 0.231 96
White; 0.318 0.223 310 Indigenous

No 0.313 0.222 714
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Yes

0.310

0.235

59

Table 8: Student Opinions on Peer Review Effectiveness

Question Response n %
Using Peer Review Helped Me Learn Science Skills
Strongly Agree 212 26.9
Agree 419 53.2
Diagree 85 10.8
Strongly Disagree 24 3.0
N/A 47 6.0
Getting Reviews On My Work Was The Most Useful
Strongly Agree 361 45.9
Agree 320 40.7
Diagree 66 8.4
Strongly Disagree 14 1.8
N/A 26 3.3
Providing Reviews On Others Work Was The Most Useful
Strongly Agree 176 22.4
Agree 419 53.2
Diagree 122 155
Strongly Disagree 17 2.2
N/A 53 6.7

My Understanding Of Concepts Increased By Using Peer Review
Strongly Agree 257 32.7




Agree 364
Diagree 96
Strongly Disagree 21
N/A 49

| Felt That Peer Review Was A Waste Of Time
Strongly Agree 24
Agree ol
Diagree 390
Strongly Disagree 279
N/A 43

My Work Did Not Improve Because Of Peer Review

Strongly Agree 25
Agree 7
Diagree 416
Strongly Disagree 222
N/A 47
| Would Want Peer Review To Be Used In Future Assessments
Strongly Agree 330
Agree 323
Diagree 49

Strongly Disagree 24
N/A 61 7.8

46.3
12.2
2.7
6.2

3.0
6.5
49.6
35.5
5.5

3.2
9.8
52.9
28.2
6.0

41.9
41.0
6.2
3.0
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Appendix.

Appendix Part A.

Questions presented to students for the survey.

Survey

What are your preferred pronouns?
He/his

She/her

They/Them

Prefer not to say

Are you an International Student?
No

Yes

Prefer not to say

Do you identify as: (select more than one if applicable)
Black;

East Asian;

Indigenous;

Latino;

Middle Eastern/West Asian
Mixed Race;

South Asian;

Southeast Asian;

White;

Other;

Prefer not to say;

Do you consider yourself a part of the LGBTQIA2S+ Community?
No

Yes

Prefer not to say



Are you a first-generation university student? (the first person in your
family to attend post-secondary education)

No

Yes

Prefer not to say

Is English your second language?
No

Yes

Prefer not to say

What year of this undergraduate degree are you in?
1st year

2nd year

3rd year

4th year or more

Prefer not to say

Do you Identify as Indigenous?
No

Yes

Prefer not to say

Perceptions survey

Using Peer review helped me learn science skills

Getting reviews on my work was the most useful

Providing reviews on others' work was the most useful

My understanding of concepts increased by using peer review
| felt that peer review was a waste of time

| would want peer review to be used in future assessments
My work did not improve because of peer review

All questions were answered as: Strongly Agree, Agree, Disagree, Strongly Disagree.
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Appendix B. Assignment Rubric

Descriptive
Caption

Mark - Should be: a) in the form of a statement, b) mention the subject(s), ¢) appropriate
iriables including a key to their representation (i.e., colour or pattern), d) include relevant
ptails about the experiment essential for understanding the take home message

.75 Mark - The caption is present but missing one of the above criteria.

.5 Mark - The caption is present but missing two of the above criteria.

.25 Mark - The caption is present but missing three of the above criteria.

Marks — Caption is not clearly identified or communicated

X Axis

Mark — Includes descriptive axis label and proper units
.5 Mark — Is missing either axis label or proper units
Mark — Missing both axis label and units

Y AXxis

Mark — Includes descriptive axis label and proper units
.5 Mark — Is missing either axis label or proper units
Mark — Missing both axis label and units

Scale

Mark - Intervals and range should be appropriate for the data displayed.
.5 Mark - The scale is not appropriate for one of the axes.
Mark -The scale is not appropriate for any axis.

Legend

Mark - Should be appropriate and descriptive for the data displayed and include descriptions
different colours/patterns

.5 Mark - The legend is not descriptive or includes errors

Mark — The legend is not present, and is needed

Error bars

Mark — Error bars are needed with the data, and are clearly presented or Error bars are not
beded with the dataset and are not included in the graph
.5 Mark — The errors bars are not accurate
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Mark — There are no error bars & they are needed; there are error bars when there should not

Marks - The graph is constructed in a way that is: a) clear to identify trends and b) easy to note
e take home message

Mark — The graph is constructed in a way that data trends are difficult to observe or it is
fficult to understand the take home message.

Marks — The graph is ineffective at communicating trends and the take home message.

hse of
nderstanding

Marks - The graph has: a) data plotted to take up sufficient room in the Cartesian plane, b)
gible fonts, ¢) clear and legible X- and Y- axis lines, d) data displayed in the appropriate
iImber of bars/lines, and €) no junk elements such as distracting colours, patterns, dark grid
nes, and is appropriate for the dataset.

.5 Marks — The graph is missing one of the points above.

Mark — The graph is missing two of the points above.

.5 Mark — The graph is missing three of the points above.

Marks — The graph has too many flaws that interfere with the interpretation of the data

raph Type

Length is
app;‘e’p”a 3 marks — Good length (1 paragraph and less than half a page)

2 marks — The summary is too long (could be written more concise)
1 marks — The summary is too vague, and needs more details provided.
0 mark — There is no summary included

Writing
Ability 3 marks — There were no grammatical errors in the document.

2 mark — There were a few grammatical errors in the document.

1 mark — There were 4 — 5 minor grammatical errors in the document.
0 mark — There were lots of grammatical errors in the document.




Accuracy

3 marks — There summary is an accurate match to the data provided in the
graph.

2 mark — There were a few statements that do not match the data provided in
the graph.

1 mark — There were many statements that do not match the data provided

in the graph.

0 mark — The summary does not describe or match the data provided in the
graph.
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Correctn
ess

1 mark — The summary contained no incorrect statements.
0.5 marks — There were 1 — 3 incorrect statements.
0 marks — The summary was not correct.




