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Abstract

Examinations remain a central feature of undergraduate Science, Technology, Engineering, and
Mathematics education, shaping both performance and student experience. Two-stage
examinations introduce a collaborative component into this setting, allowing students to engage
in peer discussion immediately following individual assessment. Differences in group-stage
structure, however, raise important questions about how collaborative interaction influences

performance and affective outcomes.

A repeated-measures crossover design was implemented in BIOL 1020 at the University of
Manitoba. Twenty-seven consenting students completed four two-stage assessments under
alternating consensus and non-consensus formats. Consensus groups were required to submit a
single agreed-upon response, whereas non-consensus groups discussed collaboratively but
submitted individual answers. Collaborative benefit, defined as group-stage score minus
individual-stage score, served as the primary outcome, alongside measures of anxiety reduction,

motivation, and student experience.

Collaborative benefit was significantly higher under the consensus format relative to the non-
consensus format, with a mean difference of 6.9 percentage points, while individual-stage
performance remained unchanged. Performance gains remained stable across repeated
assessments. Positive associations between collaborative benefit and measures of anxiety

reduction, motivation, and student experience were also observed.

Group-stage structure shapes the effectiveness of collaborative assessment. Greater collaborative
benefit observed under consensus conditions is consistent with the interpretation that requiring
agreement may promote greater justification of reasoning, evaluation of alternative responses,

and resolution of disagreement during the group stage. In contrast, non-consensus conditions



may allow participation without requiring convergence of reasoning, which could limit the extent
of interaction required for answer revision. The selection of group-stage formats therefore
represents a meaningful instructional decision in the design of assessment practices in

undergraduate science education.

i



Acknowledgements

This work would not have been possible without the people who stood beside me, challenged

me, and believed in me during moments when I struggled to believe in myself.

I would first like to express my deepest gratitude to Dr. Cassandra Debets. Thank you for taking
a chance on me, for your patience, and for creating space for me to not only conduct research,
but to truly express my thoughts, perspectives, and curiosity. At a time when I questioned my
place in science, you helped restore my confidence and gave me renewed hope in continuing this

path. That is something I will carry with me far beyond this thesis.

To Dr. Jane Waterman, thank you for your honesty, strength, and consistency. You held a
standard that required me to rise, even on the days I felt like I could not. Your presence,
especially in moments where showing up was not easy, reminded me that commitment is not
about convenience, but about purpose. Knowing you would always show up made it impossible

for me not to try.

I am also deeply grateful to Dr. Madison Egan for her care, thoughtfulness, and clarity. Your
ability to guide with both kindness and direction created a space where I could grow without

fear, and your feedback consistently pushed this work to be stronger.

I would like to extend my heartfelt thanks to Ms. Shanda Vitt, whose support has been
foundational to my journey. Your proactive advocacy, care, and belief in my potential opened
doors that I may not have been able to access on my own. You are the reason I was able to pursue

the Honours program, and your impact on my academic path is something I will never forget.

I extend my appreciation to the Department of Biological Sciences at the University of Manitoba

for providing not only the opportunity to complete this thesis, but also the understanding and

i1



accommodations that made it possible during a particularly challenging period of my health.

That support did not go unnoticed.

To my family—Marvellous, Dillion, Fedora, and especially my father, Shadrack, and my mother,
Esther—there are no words strong enough to capture what your support has meant. You stood by
me through uncertainty, exhaustion, and moments of doubt, never once wavering. In times when

my health made everything feel unstable, you were my constant.

Finally, to Shane Cummings, thank you for walking this journey with me in a way few people
could. Despite not being in the sciences, you read every version of this work, challenged my
thinking, and somehow came to understand it as deeply—if not more deeply—than I did at

times. Your patience, presence, and belief in me carried me through more than you know.

v



Table of Contents

INErOAUCTION ..ottt ettt et e be e st e b e 1
IMLEEROMS.......cooneiiiee ettt ettt e ettt e ettt e st e e et e e bt e st e s nr e 4
Study Context and Participants...............c.cccooiiiiiiiiiiiiieeeeese e s 4
SEUAY DI@SIGIN......ooooniiiiiiie e et e e e st e e e e tae e e e enteeeeeansneeeeennsaaeeenssaeeeanns 4
Performance MEASUTES ..........c..oouiiiiiiiiiiiiiieee ettt ettt s 5
Perception IMEASUIES .............oooiiiiiiiieiiiee e eteeeeetee e et e e e et e e e et eeeesaaeeeesssaeeeeensaeeeennsseeens 6
Statistical ANALYSIES ........cooiiiiiiiii e 7
Ethics Statements ..........coccoiiiiiiiiiiiiiie ettt ettt 8
RESULIES ...ttt et ettt e ettt e st e e st e e st eenabee s bt e earee e 8
Individual Performance.................cooiiiiiiiiiiiii e 8
Collaborative Benefit..............ccooouiiiiiiiiiiii et e 8
Stability ACross ASSESSIMEITS .............cooiuiiiiiiiieiiieeriieeitteesteeertteeeteeesteeesseeesseesssseesnsseesnsseeens 9
Student PerCePtions ............ccoooiiiiiiiiiiiiiiie ettt ettt e s 11
Perception — Performance Relationships....................oocooiiiiiiiiiiie e 15
Linear Mixed Model ...........c.ccoooiiiiii ettt 15
DIESCUSSION. ...ttt ettt et e e bt ettt e bt e sateenaeesareesneeeaneenanes 16
Effect of group-stage format on collaborative performance...................cccooeiiiriinnnnne 16
Repeated exposure and performance gains...............occooviiiiniiiiniiieniice e 17
Association between student experience and collaborative performance ......................... 18
Mechanisms underlying format differences ................c...coccooiiiiiiniiiic 19
Individual performance and baseline knowledge ...................ccccoeoiiiiiiiiiniiinie e 21
Stability of effects across asseSSMENts ...............coccooiiiiiiiiiiiiieii e 21
RecommEendations .............cocoiiiiiiiii e 23
Implications for assessment deSi@N...............cccoiiiiiiiiiiiiiiiieee e 25
Conclusions and future direCtions .............c...coooiiiiiiiiiiiiiee e 25



List of Tables

Table 1. Group-stage format by assessment and CONOTL. ..........ccceevevieriieiiieniieiiieieeeee e 5
Table 2. Survey Items Included in Analysis and Operational Definitions ............ccccceerveecirennnnne. 6
Table 3. Descriptive statistics for individual-stage and group-stage performance across the four

ASSESSITIETIES. ...eeuetiiuteeriteeutte ettt et e st et e e eat e e bt e eat e e bt e e ae e e bt e sat e e bt e eab e e b et s ab e e bt e e at e e bt e eabe e bt e eabeenbeenaneen 10

Table 4. Mean perception scores by assessment and group-stage format for anxiety reduction,

motivation, and STUAENT EXPEIIEIICE. .......eeeiuiieriiieeitieecteeeeteeesteeesreeetreessraeesaeeesseeessseeessseesnsseeans 13
Table 5. Mean perception scores by group and group-stage format. ........c.cceevevviieniieiienieenienn. 14
Table 6. Kendall’s tau correlations between collaborative benefit and student perceptions. ....... 15

vi



List of Figures

Figure 1. Individual-stage and group-stage score distributions across the four assessments under
rotating roup-Stage fOTMALS ........ecuiiriieiieetieeie ettt ettt et e et e st e ebeeesbeenbeessaeensaeenneenne 9
Figure 2. Distribution of student responses to perception items under the consensus and non-

CONSENSUS ZrOUP-STAZE TOTIMNALS. ..eouviiiiiiiieiie ettt ettt et e bt e e e ebeesaaeesbeessneenseens 12

vil



Introduction

Social learning theory explains that students construct knowledge through interactions,
discussions, and shared problem solving and that they do not learn in isolation (Bandura 1977,
Vygotsky 1978). In this view, learning is a social process. Research on observational learning
demonstrates that people learn new behaviors by watching and imitating others (Bandura 1977),
while sociocultural theory emphasizes that interaction and dialogue can extend a learner’s
potential understanding (Vygotsky 1978). Peer dialogue allows students to articulate their
reasoning, challenge ideas, consider different perspectives, and refine their understanding of

subject material in the classroom (Meaders and Vega 2022).

Active learning strategies extend principles of social learning by engaging students
directly in the learning process. Large-scale evidence demonstrates that active learning improves
student performance and reduces failure rates in STEM courses (Freeman et al. 2014).
Collaborative problem-solving and peer discussion are central components of these approaches,
reinforcing the role of interaction in shaping learning outcomes. Despite these advances in

instructional practice, assessment methods have not always evolved in parallel.

Traditional summative examinations remain one of the most common methods used to
assess student learning in higher education (Brown and Knight 1994; Struyven et al. 2005).
Individual examinations typically evaluate performance under timed conditions and emphasize
recall, application, and problem-solving. Although individual exams provide accountability,
high-pressure testing environments can elevate test-related anxiety and limit opportunities for
immediate feedback or collaborative reasoning (Hembree 1988; Putwain 2007). Concerns about
anxiety and limited formative feedback have motivated the development of alternative

assessment structures that preserve rigor while supporting student learning and experience.



Two-stage examinations represent one alternative assessment structure that can transform
traditionally summative assessments into more formative learning experiences (Levy et al.
2018). In a two-stage exam, students first complete an assessment independently and then
immediately retake the same assessment in small groups (Lindsley et al. 2016). The two-stage
structure preserves individual accountability while introducing collaborative discussion.
Empirical studies report that two-stage exams improve immediate performance (Gilley and
Clarkston 2014), enhance retention under certain conditions (Cooke et al. 2019), and reduce
perceived test anxiety (Fournier et al. 2017). Student perception research further indicates that
collaborative testing is often viewed positively, with reported increases in engagement and

classroom satisfaction (Khong and Tanner 2020; Rempel et al. 2023).

Despite documented advantages, outcomes associated with two-stage examinations vary
across contexts. Some investigations report short-term performance gains without consistent
long-term retention effects (Leight et al. 2012; Kinnear 2021). Differences in question type,
assessment weighting, and classroom implementation may influence effectiveness (Ives et al.
2016; Shaffer 2020). Variation in implementation suggests that specific structural features of the

group stage may influence collaborative outcomes.

One such structural feature that has received limited direct comparison is the format of
the collaborative group stage which may be implemented as either a consensus or non-consensus
approach. In a consensus format, group members are required to agree on a single answer that is
submitted collectively on behalf of the entire group (Cortright et al. 2003; McCurdy et al. 2017).
Requiring agreement may encourage justification of reasoning and resolution of misconceptions
prior to submission. In a non-consensus format, students discuss questions collaboratively but

submit individual responses. Maintaining individual submission after discussion may preserve



accountability while reducing the need for full resolution of disagreement. Direct comparisons of
consensus and non-consensus formats remain limited in the literature (Shaffer 2020; Kinnear

2021).

Clarifying whether group-stage format influences collaborative performance is important for
instructional design. Demonstrating superior performance under one format would indicate that
group-structure requirements meaningfully shape collaborative reasoning during assessment.
Conversely, comparable performance across formats would suggest that instructors may select
implementation strategies based on logistical or pedagogical preference without substantial

performance consequences.

The research objective of this study was to examine whether group-stage format in two-stage

examinations influences student performance within an introductory biology course.

I hypothesized that the group-stage format influences collaborative performance between the
individual and group stages of two-stage examinations. Specifically, I predict that students in
consensus groups are expected to achieve greater collaborative benefit compared to those in non-

consensus groups, reflecting more effective collaboration and shared reasoning.

I further hypothesize that collaborative performance varies across assessments with repeated
exposure to the two-stage format. I predict that performance gains are expected to remain stable
or increase slightly over time, indicating adaptation and improved coordination across repeated

assessments.

I also hypothesize that student perceptions of the assessment experience are associated with
collaborative performance. I predict that more positive self-reported experiences, including

reduced anxiety and increased motivation, are expected to align with greater collaborative



benefit, indicating that affective factors are linked to performance during collaborative

assessment.

Collectively, these hypotheses examine how group-stage format, repeated exposure, and student

experience interact to shape collaborative performance in two-stage examinations.

Isolating the role of group-stage format within a controlled crossover design contributes to
understanding how specific structural features of collaborative examinations influence both

performance and student experience in undergraduate science education.

Methods

Study Context and Participants
The study was conducted in BIOL 1020: Biology 1 at the University of Manitoba during

the six-week Summer 2024 term in Winnipeg, Manitoba. The course covered topics in cell
biology, evolution, and genetics. All enrolled students completed four two-stage in-class tests

that were comprised of 15 multiple choice questions, each worth 4% of the final course grade.

Participation in the research component was voluntary and not linked to course grades. Of the
122 enrolled students, 27 students consented to the use of their performance and survey data for
research purposes (22% response rate). All analyses were conducted on consenting participants
only. The compressed six-week term and the voluntary nature of participation likely contributed
to the reduced sample size.
Study Design

A crossover repeated-measures design was used to compare two group-stage formats:
consensus and non-consensus. All consenting students experienced both formats across the four

assessments.



Students were assigned to two groups (Group X and Group Y), each with their own alternating
format sequences based on student number (Table 1). Randomization was used to determine
order. Student numbers were listed in order and assigned a random number by a random number
generator in Excel. For each test, students first completed the test independently under timed
conditions (25 minutes). Immediately following the individual stage, students completed the
same assessment in groups of three or four students (12 minutes). Groups were reassigned at
each assessment to reduce familiarity effects. Groups of two or five were not permitted, to

maintain consistency in group interaction dynamics.

Table 1. Group-stage format by assessment and cohort.

Assessment Group X Format Group Y Format
Test 1 Consensus Non-consensus
Test 2 Non-consensus Consensus

Test 3 Consensus Non-consensus
Test 4 Non-consensus Consensus

The individual stage contributed 85% of the total test grade, and the group stage contributed
15%. If a group-stage score was lower than the corresponding individual-stage score, the
individual score was retained. Students who missed the group stage for a given assessment were
excluded from analyses for that assessment only but remained included in analyses of other
completed assessments.
Performance Measures

Individual-stage and group-stage scores were recorded as percentages of correct

responses for each assessment.



Collaborative benefit was calculated as the unstandardized difference between group-

stage and individual-stage scores:

Collaborative Benefit = Group Score — Individual Score

Collaborative benefit served as the primary outcome variable for evaluating format effects.

Perception Measures
Immediately following each assessment, students were invited to complete a brief survey
measuring perceptions of stress, motivation, and overall experience during the two-stage

examination. Survey items were adapted from previously published studies of collaborative

testing (Fournier et al. 2017; Shaffer 2020; Khong and Tanner 2020).

Table 2. Survey Items Included in Analysis and Operational Definitions

Construct Survey Item Scale

Anxiety I feel less anxious about examinations after =~ 5-point Likert

Reducti taking two-st . .

eduction aking two-stage exams (1 = Strongly Disagree to 5 =

Strongly Agree)

Motivation I feel motivated about my studies after the | 5-point Likert

two-stage exam.
Student The two-stage exam improved my student  5-point Likert

Experience experience.

Responses were recorded on a five-point Likert scale (1 = strongly disagree to 5 =
strongly agree). Analyses focused on three affective constructs: anxiety reduction, motivation,

and overall student experience of the assessment format. Selection of anxiety reduction and



motivation reflects their established roles as affective responses to assessment contexts. Overall
student experience was included as a global evaluative measure of the two-stage examination
format (Table 2). Survey items assessing communication behaviors and peer interaction were
excluded from inferential analysis to maintain focus on affective outcomes relevant to
performance. Survey response summaries were calculated using available responses rather than
restricting analyses to participants with complete survey data across all assessments.
Consequently, the sample size differed across perception items and assessments. The full survey
instrument is provided in Appendix A.

Statistical Analysis

All statistical analyses were conducted in R (version 4.3).

Descriptive statistics were calculated for individual-stage performance, group-stage performance,
collaborative benefit, anxiety reduction, motivation, and student experience. Collaborative
benefit was calculated as the unstandardized difference between group-stage and individual-stage
scores (Group — Individual), providing a direct estimate of performance change attributable to

the group stage.

Because all participants experienced both consensus and non-consensus formats, mean

collaborative benefit was compared between formats using a paired-samples t-test.

Differences in performance across the four assessments were examined using repeated-measures

analysis of variance (ANOVA), with assessment number (1—4) treated as a within-subject factor.

Associations between collaborative benefit and affective measures (anxiety reduction,
motivation, and student experience) were examined using Kendall’s tau correlation, as

perception data were ordinal.



A linear mixed-effects model was used to examine the effects of group-stage format and
assessment number on collaborative benefit. Collaborative benefit was specified as the
dependent variable, with group-stage format (consensus, non-consensus) and test (1-4) included
as fixed effects. Participant ID was included as a random intercept to account for repeated
observations within individuals.

Ethics Statements

The study was approved by the University of Manitoba Research Ethics Board (Protocol

HE2023-0171). Only coded data were analyzed.

Results

Individual Performance

Individual-stage scores did not differ significantly across tests, F3,78 y=1.928, p = 0.132, with
the lowest mean score observed in Test 2 (62.5 £ 21.1) and the highest in Test 1 (72.8 = 16.1)
(Table 3). Participant-level mean individual-stage scores were 67.0 + 16.9 under the consensus
format and 68.1 + 16.0 under the non-consensus format, with no significant difference between
formats, 16 = —0.436, p = 0.666.

Collaborative Benefit

Collaborative benefit was calculated as the unstandardized difference between group-stage and
individual-stage performance (group — individual). Participant-level mean collaborative benefit
was 20.1 + 15.1 under the consensus format and 13.2 + 15.8 under the non-consensus format.
Collaborative benefit was significantly higher under the consensus format, ts = 2.946, p =
0.0067, with a mean difference of 6.9 percentage points (95% CI: 2.1, 11.7) and a paired Cohen’s

d of 0.567.



Stability Across Assessments

Descriptive statistics for individual-stage and group-stage performance across the four
assessments are presented in Table 3. Individual-stage mean scores ranged from 55.6% in Group
Y under the consensus format on Test 2 to 74.4% in Group X under the non-consensus format on
Test 4. Group-stage mean scores ranged from 72.6% in Group Y under the consensus format on

Test 2 to 91.5% in Group X under the consensus format on Test 3 (Figure 1).

Across the four assessments, group-stage scores were significantly higher than individual-stage
scores overall, F(1,26) = 37.18, p <0.001. Individual-stage performance did not differ
significantly across assessments, F(3,73) = 1.928, p = 0.132. Group-stage performance differed
significantly across assessments, F(3,73) = 3.183, p = 0.029. Collaborative benefit did not differ

significantly across assessments, F(3,73) = 1.508, p = 0.219.

100 1 = = _OI.
— | -
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¥
g . ] t Exam stage
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(% | Ed Group
25 1
D.
Consensus Non-consensus

Group-stage format

Figure 1. Figure 1. Individual-stage and group-stage score distributions under consensus and
non-consensus group-stage formats. Points represent student scores, and boxplots show score

distributions. Scores are presented as percentages.



Table 3. Descriptive statistics for individual-stage and group-stage performance across the four
assessments.

Individual Group Benefit

Assessment & Format Stage Mean Stage Mean Mean (SD)

(S3)))

Group X (n=18)

(SD)

Test 1 0.737 0.907 0.170
Consensus (0.170) (0.089) (0.210)
Test 2 0.659 0.819 0.159
Non — Consensus (0.195) (0.133) (0.180)
Test 3 0.700 0.915 0.215
Consensus (0.194) (0.109) (0.153)
Test 4 0.744 0.804 0.059
Non - Consensus (0.245) (0.213) (0.162)
Group Y (n=9)
Test 1 0.711 0.867 0.156
Non - Consensus (0.149) (0.088) (0.173)
Test 2 0.556 0.726 0.170
Consensus (0.236) (0.097) (0.198)
Test 3 0.570 0.770 0.200
Non — Consensus (0.198) (0.149) (0.191)
Test 4 0.593 0.859 0.267
Consensus (0.255) (0.052) (0.226)
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Student Perceptions

Under the consensus format, 60% of responses were positive for anxiety reduction, 70% were
positive for motivation, and 70% were positive for student experience, whereas 19%, 9%, and
5% of responses, respectively, were negative. Under the non-consensus format, 60% of responses
were positive for anxiety reduction, 58% were positive for motivation, and 64% were positive for
student experience, whereas 16%, 14%, and 9% of responses, respectively, were negative (Figure
2). Mean perception scores by assessment and group-stage format are presented in Table 4, and
group-specific mean perception scores by format are presented in Table 5. Mean perception
scores were generally higher under the consensus format compared to the non-consensus format
across anxiety reduction, motivation, and student experience (Tables 4-5). Differences between
formats were consistent across most assessments, with modest variation in magnitude. Group-
level comparisons showed a similar pattern, with higher scores under the consensus format for

most measures, although differences were small and not uniform across all comparison.
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Consensus

The two-stage exam reduced my anxiety

The two-stage exam increased my motivation 7

Response

. Strongly disagree
" . Disagree
on-consensus .

Neutral

. Agree

. Strongly agree

| had a positive experience with the two-stage exam 1

The two-stage exam reduced my anxiety

The two-stage exam increased my motivation 1

| had a positive experience with the two-stage exam 1

10 75 5 25 0 25 50 75 100
Percentage

Figure 2. Distribution of student responses to perception items under the consensus and non-
consensus group-stage formats. Bars show the percentage of responses in each category for

anxiety reduction, motivation, and student experience, with groups combined within each format.
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Table 4. Mean perception scores by assessment and group-stage format for anxiety reduction,

motivation, and student experience.

Non-consensus

Mean (SD)

Assessment Consensus Consensus Non-

n Mean (SD)

Perception

consensus n

Anxiety Test 1 21 3.524 (1.436) 14 3.214 (1.188)
Reduction

Anxiety Test 2 10 3.600 (1.174) 15 3.400 (1.352)
Reduction

Anxiety Test 3 17 4118 (1.111) 14 3.714 (0.726)
Reduction

Anxiety Test 4 9 3.556 (1.424) 15 4.067 (1.100)
Reduction

Motivation Test 1 21 4.048 (0.921) 14 3.357 (1.151)
Motivation Test 2 10 3.500 (1.354) | 15 3.533 (1.125)
Motivation Test 3 17 4.118 (0.857) 13 3.769 (1.013)
Motivation Test 4 9 4.111 (1.167) | 15 4.000 (1.254)
Student Test 1 21 4.048 (0.921) 14 3.500 (1.225)
Experience

Student Test 2 10 3.300 (1.059) | 15 3.733 (0.961)
Experience

Student Test 3 17 4.294 (0.849) 14 3.929 (0.917)
Experience

Student Test 4 9 4.000 (0.866) | 15 3.933 (1.163)
Experience

13




Note. Perception summaries were calculated using available responses for each survey item at
each assessment. Sample sizes therefore varied across items, tests, and formats because not all
participants completed every survey item at every assessment. Higher scores on the anxiety item

reflect greater reported anxiety reduction.

Table 5. Mean perception scores by group and group-stage format.

Group Format Anxiety Anxiety Motivation Motivation Student Student

Reduction Reduction n Mean (SD) Experience Experience
n Mean n Mean (SD)
(SD)
X Consensus = 38 3.789 38 4.079 38 4.158
(1.318) (0.882) (0.886)
X Non- 30 3.733 30 3.767 30 3.833
consensus (1.258) (1.194) (1.053)
Y Consensus 19 3.579 19 3.789 19 3.632
(1.261) (1.273) (1.012)
Y Non- 28 3.464 27 3.556 28 3.714
consensus (0.999) (1.086) (1.084)

Note. Values are averaged within group and format across the relevant assessments. For Group
X, consensus-format values reflect Tests 1 and 3 and non-consensus values reflect Tests 2 and 4.
Group Y followed the opposite sequence. Higher scores on the anxiety item reflect greater

reported anxiety reduction.
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Perception — Performance Relationships

All three perception variables were positively associated with collaborative benefit (Table 6).
Anxiety reduction and motivation showed the strongest associations, with slightly lower values

observed for student experience. (Table 6).

Table 6. Kendall’s tau correlations between collaborative benefit and student perceptions.

Perception Kendall’s T p-value

Anxiety reduction  0.226 <0.001

Motivation 0.228 <0.001

Student experience 0.212 <0.001
Linear Mixed Model

A linear mixed-effects model with participant ID as a random intercept showed that collaborative
benefit differed significantly by format, F1,77y =4.851, p = 0.031. Collaborative benefit was
lower in the non-consensus format than in the consensus format (B = -0.062, SE = 0.028, #¢7) = -
2.202, p =0.031). The effect of test was not significant, F3,77 = 0.940, p = 0.426. Relative to Test
1, the estimated coefficients were 0.018 for Test 2 (SE = 0.039, p = 0.639), 0.044 for Test 3 (SE

=0.038, p =0.240), and -0.016 for Test 4 (SE = 0.039, p = 0.674)

15



Discussion

The present study examined whether consensus and non-consensus formats affect
collaborative performance and student experience in two-stage examinations using a repeated-
measures crossover design. Collaborative benefit was greater under the consensus format relative
to the non-consensus format (Figure 1), whereas individual-stage performance did not differ
between formats. Student perceptions of anxiety reduction, motivation, and overall experience
were positive under both formats, with modest differences favoring the consensus format in
several measures. Differences between formats were therefore expressed in the magnitude of

collaborative performance gains rather than in individual performance.

Effect of group-stage format on collaborative performance

Evaluation of the study hypotheses indicates differential support across predicted
outcomes. The hypothesis that group-stage format influences collaborative performance between
the individual and group stages of two-stage examinations was supported, as students in the
consensus format achieved greater collaborative benefit than those in the non-consensus format
(Figure 1). Results from the linear mixed-effects model further support the observed difference
in collaborative benefit between formats, with lower values under the non-consensus format after
accounting for repeated measures within participants. Greater collaborative benefit under
consensus formats is consistent with the prediction that requiring agreement promotes more
effective collaboration and shared reasoning during the group stage. Requirement for agreement
increases the need for explanation and justification of reasoning prior to submission, processes
associated with improved conceptual understanding during collaborative assessment (Driessen et

al. 2020). Evaluation of alternative responses further promotes deeper engagement with the

16



material, which is associated with improved performance in active learning environments
(Freeman et al. 2014). Structured collaborative assessment formats that require resolution of
disagreement, improve answer accuracy and learning outcomes across disciplines (Knierim et al.
2015; Koretsky et al. 2021). Interaction processes increase the likelihood of identifying and
correcting misconceptions, resulting in greater improvement between individual and group-stage

performance (Bruno et al. 2017).

Repeated exposure and performance gains

The second hypothesis proposed that collaborative performance would vary across
assessments with repeated exposure, but this prediction was not supported. Collaborative benefit
remained stable across the four tests (Table 3), indicating that performance gains did not increase
over time despite repeated exposure to the two-stage format. Stability across assessments
suggests that coordination and interaction patterns were established early and did not
substantially change across subsequent assessments (Kinnear 2020). Absence of progressive
improvement may also reflect the low-stakes nature of the assessments, which can reduce
incentives for adaptation and limit effort invested in refining collaborative strategies across tests
(Leight et al. 2012). Previous work support that collaborative testing often produces immediate
performance benefits without consistent evidence of cumulative improvement across time, with
retention effects depending on timing and student performance rather than increasing uniformly
with repeated exposure (Leight et al. 2012; Cooke et al. 2019). Variation in outcomes across
implementations further suggests that repeated exposure alone does not guarantee increased
performance gains and may depend on assessment structure and instructional context (Newton et

al. 2019).

17



Association between student experience and collaborative performance

The third hypothesis, which examined whether student perceptions of the assessment
experience are associated with collaborative performance, was supported. More positive self-
reported experiences, including reduced anxiety, increased motivation, and improved student
experience, were associated with greater collaborative benefit (Table 6). Positive correlations
between collaborative benefit and all three perception measures further support the relationship
between affective experience and performance. Reduced anxiety during collaborative assessment
has been widely reported in two-stage examination studies and is associated with increased
willingness to engage in discussion and participate in group problem-solving (Fournier et al.
2017; Newton et al. 2019). Increased motivation and positive student experience have also been
linked to higher levels of participation and interaction during collaborative learning activities,
which contribute to improved group performance (Rieger and Heiner 2014; Khong and Tanner

2020).

Engagement, confidence, and willingness to participate in discussion influence the
effectiveness of collaborative learning processes by increasing the likelihood of explanation,
reasoning, and evaluation of alternative responses (Chi and Wylie 2014; Driessen et al. 2020).
Greater participation in these interaction processes is associated with improved collaborative
outcomes, providing a mechanism linking affective experience to performance during the group
stage (Leight et al. 2012; Terry et al. 2017). Collectively, findings indicate that group-stage
format and student experience influence collaborative performance, whereas repeated exposure
does not produce measurable changes in performance gains within the timeframe of the present

study. The observed associations between collaborative benefit and affective measures suggest
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that differences between consensus and non-consensus formats may be partially mediated by

variation in interaction quality.

Student perception data further contextualize differences between consensus and non-
consensus formats. Both formats were associated with positive responses for anxiety reduction
(Figure 2; Tables 4-5), consistent with evidence that two-stage examinations reduce test-related
stress (Fournier et al. 2017). Motivation and overall student experience were generally higher
under the consensus format across most comparisons (Tables 4-5). Requirement for a shared
response may increase accountability and promote active participation, contributing to more
favorable perceptions relative to the non-consensus format (Freeman et al. 2014). Increased
accountability in group settings enhances engagement and responsibility for collective outcomes,
contributing to deeper involvement in collaborative tasks (Millis and Cottell 1998; Oakley et al.
2004). Non-consensus formats may nevertheless support flexibility in individual reasoning and
reduce pressure associated with reaching agreement, which may be advantageous in certain
instructional contexts (Rieger and Heiner 2014; Struyven et al. 2005). Differences in perception
were modest, indicating that both formats provide comparable affective benefits, with the

consensus format offering additional advantages in engagement.

Mechanisms underlying format differences

Greater collaborative benefit under the consensus format indicates that the requirement
for agreement alters the nature of interaction among students during the group stage.
Improvements in group-stage performance observed in the present study are consistent with prior
work demonstrating that collaborative two-stage examinations enhance performance in

undergraduate biology courses, including laboratory-based settings where peer discussion
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supports answer accuracy (Meaders and Vega 2022). Under the consensus format, justification of
reasoning, resolution of disagreement, and evaluation of competing responses are required prior
to submission. Interaction processes of this type improves conceptual understanding and answer
accuracy during collaborative assessment and are consistent with models of knowledge
construction through social interaction (Vygotsky 1978) and interactive engagement associated
with deeper learning (Chi and Wylie 2014; Freeman et al. 2014; Driessen et al. 2020). In
contrast, the non-consensus format permits discussion without requiring convergence, allowing
individuals to retain initial responses without engaging in full evaluation of alternatives (Shaffer

2020).

Differences in collaborative benefit between formats therefore reflect differences in the
extent to which interaction requires resolution of disagreement. Requirement for agreement
effectively transforms the group stage from a setting of shared exposure to one of negotiated
understanding, in which correctness must be collectively constructed rather than individually
assumed (Gilley and Clarkston 2014; Vogler and Robinson 2016). Reaching a shared response
requires students to justify reasoning and evaluate alternative answers, processes associated with
improved answer accuracy during collaborative assessment (Driessen et al. 2020; Koretsky et al.

2021).

Our findings align with previous work demonstrating that structured peer interaction
promotes conceptual change through explanation and evaluation of competing reasoning
(Freeman et al. 2014), and that collaborative exam structures enhance learning outcomes across
disciplines (Callaghan et al. 2025). Direct comparison of consensus and non-consensus formats
remains limited in the literature, and findings provide evidence that group-stage format

influences the effectiveness of collaborative interaction during assessment, with the consensus
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format producing greater collaborative benefit than the non-consensus format, extending
previous work on two-stage collaborative exams by directly comparing formats within the same

cohort.

Individual performance and baseline knowledge

Absence of differences in individual-stage performance between consensus and non-
consensus formats indicates that group-stage format does not influence baseline knowledge or
preparation. Because both formats share an identical individual stage completed prior to group
interaction, similarity in performance isolates the effect of format on the collaborative
component of the assessment. Differences observed in collaborative benefit therefore arise from
interaction processes during the group stage rather than from differences in prior learning.
Comparable patterns have been reported in previous studies, where collaborative testing
improves group performance without consistent effects on individual outcomes (Leight et al.
2012; Kinnear 2020). The study thus isolates the effect of format on collaborative processes,

highlighting the importance of group-stage design.

Stability of effects across assessments

Stability of collaborative benefit across assessments indicates that differences between
consensus and non-consensus formats were consistent over repeated exposure. Collaborative
benefit did not vary across assessments, indicating that repeated exposure to the two-stage format
did not produce cumulative increases in performance gains. The absence of variation across
assessments suggests that the relative advantage of the consensus format was stable and not
dependent on a specific test or time point, even though group-stage performance itself varied
across assessments (Table 3). Stability in collaborative benefit may reflect carryover effects

21



between tests and variation in group composition, both of which can influence interaction
dynamics and limit cumulative changes in performance (Oakley et al. 2004). In addition,
collaborative processes may stabilize early, as students establish shared approaches to discussion
and decision-making that persist across subsequent tasks. Research on collaborative learning
shows that group interaction patterns often form quickly and remain consistent across repeated
interactions, reducing the likelihood of progressive change over time (Millis and Cottell 1998;
Oakley et al. 2004). Similar task structure and assessment conditions across tests may further
constrain opportunities for adaptation, resulting in stable performance differences rather than
increasing gains (Leight et al. 2012). Previous studies of two-stage examinations also report
immediate performance benefits without consistent cumulative improvement across repeated
assessments, with retention and performance effects varying depending on timing and context
rather than increasing uniformly with exposure (Leight et al. 2012; Cooke et al. 2019). Structural
features of the assessment, including the requirement for agreement in the consensus format,
may therefore exert a consistent influence on interaction regardless of assessment timing,
contributing to persistent differences in collaborative benefit (Koretsky et al. 2021; Kinnear

2020).

Limitations

Several limitations should be considered. The crossover design strengthens internal
comparison between formats; however, carryover effects between assessments cannot be fully
excluded (Shadish et al. 2002). Voluntary participation introduces potential self-selection bias, as
participants may differ from non-participants in motivation or attitudes toward collaborative
learning (Porter and Whitcomb 2005). The study was conducted within a single introductory

biology course during a compressed six-week term, limiting generalizability to other contexts.
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Perception measures were based on self-reported Likert-scale responses and may be influenced
by response bias, although such measures are widely accepted in educational research (Norman
2010). Group composition varied across assessments due to reassignment, which may have
influenced interaction dynamics. In addition, group size effects were not examined, although

prior work suggests that group structure can influence participation and performance (Oakley et

al. 2004).

Recommendations

Based on quantitative analysis of collaborative performance and student perception data,
consensus-based group-stage formats are recommended for implementation in two-stage
examinations in undergraduate science courses. Higher collaborative benefit observed under the
consensus format, supported by statistical analysis and consistent across repeated assessments,
indicates that requiring agreement during the group stage promotes more effective collaboration
and improved performance outcomes, consistent with evidence that structured collaborative
testing enhances learning and answer accuracy (Gilley and Clarkston 2014; Knierim et al. 2015;
Koretsky et al. 2021). In cases where agreement is not readily achieved, consensus-based formats
typically require groups to continue discussion until a shared response is reached or to adopt a
majority-supported answer within time constraints. Although unresolved disagreement may
occur in some instances, extended discussion increases exposure to alternative reasoning and
supports identification of errors, even when full consensus is not immediately achieved (Knierim

et al. 2015; Leight et al. 2012).

For instructors seeking to incorporate active learning strategies into existing assessment

structures, consensus-based two-stage examinations represent a practical and efficient approach
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to enhancing student engagement without requiring substantial changes to course design. The
group stage can be implemented within existing assessment periods, allowing instructors to
integrate collaborative learning while maintaining individual accountability through the

individual-stage component (Bruno et al. 2017; Levy et al. 2018).

Group sizes of three to four students are appropriate for facilitating discussion while
ensuring that all group members participate meaningfully (Oakley et al. 2004). Requiring a
single shared response during the group stage encourages explanation, evaluation of alternative
answers, and resolution of disagreement, processes that support conceptual understanding and
error correction (Chi and Wylie 2014; Driessen et al. 2020). Maintaining a weighting structure
that prioritizes individual performance while incorporating a smaller group component can
further support student confidence and reduce concerns regarding grading fairness (Gilley and

Clarkston 2014).

Although non-consensus formats may preserve individual accountability, the lower
collaborative benefit associated with this format suggests reduced effectiveness in promoting
interaction and knowledge construction (Leight et al. 2012; Vogler and Robinson 2016). Use of
non-consensus formats may therefore be limited to contexts where logistical constraints or

specific instructional objectives necessitate individual submission following discussion.

At the institutional level, adoption of consensus-based two-stage examination formats
may contribute to improved student engagement, more positive assessment experiences, and
enhanced collaborative learning in introductory courses (Fournier et al. 2017; Khong and Tanner
2020; Rempel et al. 2023). Integration of structured collaborative assessment strategies provides
an accessible entry point for instructors seeking to expand active learning practices while

supporting student performance and classroom interaction.
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Implications for assessment design

Findings have implications for assessment design in courses using two-stage
examinations, where structured implementation influences student outcomes, participation, and
attendance (Knierim et al. 2015), and may contribute to reducing achievement gaps in STEM
education (Bruno et al. 2017). Greater collaborative benefit under the consensus format indicates
that requiring agreement enhances the effectiveness of group-stage interaction when the
objective is to maximize performance gains. Consensus-based formats should therefore be
preferred in most instructional contexts, particularly when the goal is to promote conceptual

understanding through discussion.

Non-consensus formats may still be appropriate in contexts where emphasis is placed on
maintaining individual accountability for reasoning and answer selection, particularly when
instructors aim to assess independent understanding alongside collaborative exposure. However,
the absence of a structured agreement may limit the depth of interaction and reduce opportunities
for error correction during the group stage. Selection of group-stage format should therefore be

guided by instructional priorities (Gilley and Clarkston 2014).

Conclusions and future directions

In summary, group-stage format influences collaborative performance in two-stage
examinations. The consensus format was associated with greater collaborative benefit relative to
the non-consensus format, while individual-stage performance remained unchanged, indicating
that differences in outcomes arise from interaction processes rather than baseline knowledge.

Requirement for agreement in the consensus format promotes explanation, evaluation of
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alternative responses, and resolution of disagreement, thereby enhancing group-stage

performance.

Findings support the use of consensus-based formats in instructional contexts where the
goal is to maximize performance gains and promote conceptual understanding through
discussion. Non-consensus formats may remain appropriate in contexts where emphasis is placed
on maintaining individual accountability for reasoning and answer selection; however, the
absence of required agreement may limit the depth of interaction and opportunities for error
correction. Format selection should therefore reflect instructional priorities, with consensus-

based formats offering greater benefits for learning and performance in most cases.

Group-stage format represents a specific design feature that shapes collaborative
assessment outcomes. Effects commonly attributed to collaborative testing are not uniform, as
variation in assessment structure produces distinct performance patterns. Future research should
directly examine interaction processes during the group stage, including the frequency and
quality of explanation, justification of reasoning, and resolution of disagreement, to clarify how
these factors contribute to collaborative benefit. Experimental manipulation of group
composition and size would further determine how peer dynamics influence performance under
consensus and non-consensus formats. In addition, longitudinal studies assessing retention of
course material beyond the immediate assessment period would help determine whether
collaborative gains translate into sustained learning. Replication across diverse course types,
class sizes, and disciplinary contexts would also strengthen understanding of the generalizability

of group-stage format effects.
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Appendix

Appendix A. Student Perception Survey Questions

Scale: All questions were answered on a Likert scale: Strongly Disagree, Disagree, Neutral,

Agree, Strongly Agree.

Question Item

1 I find the two-stage exam to be valuable.

2 I had an opportunity to practice my communication skills during the two-stage
exam.

3 Two-stage exams improved my ability to communicate and collaborate with my
peers.

4 I feel that my peers were respectful towards me during the two-stage exam.

5 The collaboration and communication of the two-stage examination enhanced my

understanding of the course topics.

6 During the group portion of the two-stage examination, I explained/justified an
answer to the group members.

7 The two-stage examination provided immediate feedback on my understanding of

the course topics.

8 I feel less anxious about examinations after taking two-stage exams.
9 I feel motivated about my studies after the two-stage exam.
10 The two-stage exam improved my student experience.
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Appendix B. Variables, operational definitions, and analyses

Variable Type Operationalization Used in
Individual Continuous (%) % Correct on individual All directions
score stage

Group score

Continuous (%)

% Correct on group stage

All directions

Standardized Continuous (Group — Individual)/ (100 | Dir. 1-2

performance — Individual); gain=0 when | (descriptive/sensitivity)

gain Individual=100

Group Benefit | Continuous Group - Individual Dir. 1-2-4

Format Categorical Consensus vs Non- Dir. 1-2-4
consensus

Test number Categorical/Ordinal | Tests 14 Dir. 2

Sequence Categorical X and Y (format sequence) | Dir. 3 (Design)

group

Stress Ordinal (1-5) Likert item Dir. 4

Confidence Ordinal (1-5) Likert item Dir. 4
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Normal Q-Q Plot
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Appendix C. Normal Q-Q plot of residuals for collaborative benefit scores.

Visual inspection indicated that data points generally followed the reference line, with only
minor deviations at the tails. These results suggest that collaborative benefit was approximately

normally distributed, supporting the use of parametric analyses.
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