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Collaborative Two-Stage Exams Benefit Students in a
Biology Laboratory Course

Clara L. Meadersa and Yalila Vegab
aDepartment of Cell and Developmental Biology, School of Biological Sciences, University

of California, San Diego, La Jolla, California, USA
bSchool of Biological Sciences, University of California, San Diego, La Jolla, California, USA

Collaborative two-stage exams provide an effective mechanism to incorporate group work into summative
course assessments. We implemented these exams in an upper-level biology laboratory course over two
terms, one with online exams and one with in-person exams. We compared student exam performance
and perceptions of two-stage exams and group work across terms and demographic groups. Quantitative
analyses revealed that across three exams per term, students in groups outperformed students who took
the exams individually, and on average the group exam benefited all students, in particular students from
groups recognized as persons historically excluded from science because of their ethnicity or race (PEERs).
Student responses to both closed and open-ended questions indicated overall positive perceptions of both two-
stage exams and group work. We found no significant differences in student perceptions based on PEER stu-
dent status, gender, or the number of exams helped by group exams, but we found differences related to term
and group exam approaches. These findings build upon the literature supporting student learning and percep-
tions from two-stage exams and provide novel insights for a role of group work in decreasing inequities in course
assessments.

KEYWORDS two-stage exam, collaborative exam, group work, collaborative learning

INTRODUCTION

One of the core competencies outlined by AAAS’s Vision
and Change report is the ability for students to communicate

and collaborate with other disciplines (1). These skills require

team participation and emphasize the collaborative nature of

biology. To impart this competency and support increased

student learning outcomes, university instructors are increasingly

using collaborative learning in the classroom (2). In laboratory

courses, this is often demonstrated by students working in pairs

or groups on experiments and problem sets. Collaborative exams

provide a mechanism to retain this group work on assessments.

Two-stage collaborative exams include an individual as

well as a group portion in which students have the opportunity

to work together on subsections of the exam. Students receive

significantly higher scores on exams when taken as a group

compared to when exams are taken individually (3). However,

reports are mixed regarding the impacts of collaborative testing

on long-term retention of material, with some studies reporting

higher retention (4, 5) and others reporting increases in perform-

ance only and not retention (6). More recently, Cooke et al. (7)

showed that collaborative exams using open-ended questions

improved student retention of course content. Regardless, these

types of exams have been shown to increase student perform-

ance for all students, in particular for lower-performing students

(8). Lower-performing students typically benefit from active learn-

ing and more highly structured courses (9). Active learning is a

recommended strategy for decreasing equity gaps in the class-

room, and two-stage collaborative exams may be an assessment

tool that aligns with these instructional goals.

Student feedback regarding collaborative exams is generally

positive, with the majority of students often reporting that this

type of exam is good or helpful for their learning (7, 10), that

the exams promote peer collaboration and communication (11),

and that the exams reduce test anxiety (12). In addition to sup-

porting learning and collaboration, two-stage exams are a recom-

mended method for promoting academic integrity during online

exams, as students may be deterred from cheating if they will be

collaborating with peers on a portion of the exam (13).

While the literature supports the effectiveness of in-person

collaborative exams for student learning and exam experiences,

little is known about the effectiveness of two-stage collaborative
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exams on reducing equity gaps on exams in the biology classroom

or how students experience these exams in online compared to

in-person environments. In this study, we set out to explore the

following questions: (i) How does student performance on the

individual and group components of two-stage exams compare

in an upper-level biology laboratory course offered online and

in-person? (ii) Are two-stage exams a strategy that can be used

to address grade equity gaps, in particular for PEER students,

i.e., students historically excluded from science because of their

ethnicity or race (14)? (iii) How do biology students perceive two-

stage exams in terms of impacting their learning?

METHODS

Study population

We implemented two-stage exams in an upper-level biology

laboratory course at a research-intensive university in the west-

ern United States that enrolled 49 students in winter 2022 and

49 students in spring 2022. Of these students, 42 students from

winter quarter and 39 students from spring quarter consented to

participate (overall participation rate, 83%). The population dem-

ographics were 79% not underrepresented and 21% underrepre-

sented in science, technology, engineering, and mathematics

(STEM); 59% of students identified as women (cis and trans)

and 40% identified as men (cis and trans).

Exam structure

The students completed three exams over the 10-week

quarter. During the winter quarter the course was online for

the first 4weeks (due to the ongoing 2019 coronavirus dis-

ease [COVID-19] pandemic) and in person for the remaining

6weeks. All three exams took place online. During the spring

quarter, the course was entirely in person.

Exams were implemented during laboratory sections,

with students having 60 min to complete the individual portion

and 30 min to complete the group portion. Students worked in

their laboratory groups (4 to 5 people), which were stable dur-

ing both quarters and consisted of two pairs of students who

worked collaboratively on experiments and shared a lab bay.

The individual exam comprised 75% of the final exam score,

and the group exam comprised 25% of the final score. The

group exam typically included three questions, two from the

individual exam and one new question. Students were informed

that if their final cumulative score was less than the percentage

correct on their individual exam, their individual exam would be

used for their exam grade. As such, the group exam could only

help students, incentivizing group discussion and collaboration.

Student groups were formed by the instructor during

the first week of the quarter, after students filled out a brief

precourse survey where they provided information regarding

their prior experience (e.g., “Have you taken a molecular biol-

ogy course prior to this lab course?” and “What is your lab

work experience?”). Groups were formed such that all groups

had a maximum of two students without molecular biology ex-

perience, and students with lab experience were distributed

evenly across groups.

Ethics statement

This study was approved by IRB protocols 170886 and

804993.

Data collection

We collected three types of data for this study: exam

performance, survey data, and student demographic information.

Exam performance. Student performance on the

two-stage exams was calculated by scoring each component

of the exam (individual, group, and final exam performance)

as a percentage of 100. If a student received a higher percentage

on the individual exam compared to the combination of their

individual and group scores, their individual exam was used as

their final exam score.

Survey. To assess student perceptions of two-stage exams

and group work, we implemented a survey after the second

group exam in week 7 of the 10-week quarter. Survey items

included Likert-type items derived from survey methods of

Grzimek et al. (15) on attitudes toward group work, specifically

student views on impacts on learning and grades and general

attitudes toward group work, and also the survey methods of

Shaffer (16) on perceptions of two-stage exams and open-ended

questions. This survey was open for 1 week, and students

received extra credit for their participation. Students were

given the option of filling out the survey and declining to submit

their responses for research purposes.

Demographic data. Student gender and identification

with racial and ethnic groups traditionally underrepresented in

STEM were obtained from the Registrar. The race and ethnic

groups identified as persons excluded because of their ethnicity

or race included African American or Black, Hispanic (Chicano/

Latino), and Native American/Alaska Native.

Data analysis

Descriptive statistics were generated in JASP and R. Data

visualization was conducted in R using the ggplot2 (17) and Likert

(18) packages.

We conducted an exploratory factor analysis (EFA) in

JASP. Separate EFAs were conducted for items related to two-

stage exam perceptions and general group work perceptions.

Factors were extracted using parallel analysis, and an oblique

rotation was used to determine the final factor structure. Scree

plot analyses were examined to support the final total factor

structure. Based on the plots, we considered one factor for

two-stage exam perceptions and one factor for general group

work perceptions.

We asked students an open-ended question: “My perception
of two-stage exams. . .” Seventy three of the 81 students who

filled out the survey responded to this question. We conducted a
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thematic analysis to identity codes present in the student

responses. We iteratively coded a random subsample of

20 student responses using preliminary codes until reaching

intercoder reliability (19). The minimum percent agreement

for each code was 85%, and the average percent agreement

across codes was 92.3%. Cohen’s Kappa was 0.80, indicating
strong intercoder reliability (20).

RESULTS

Students performed highest on the group exam portion
of the two-stage exam

In both online (winter quarter 2022) and in-person (spring

quarter 2022) exam settings, students consistently received higher

grades on the group portion of the exam compared to the indi-

vidual exam (Fig. 1, Table 1). An analysis of variance revealed that

there were significant differences (F=24.17, P< 2e�16), and

Tukey-adjusted pairwise tests revealed that for all three exams,

group exam scores were significantly higher than individual exam

scores (Table 2). The group exam helped 47 students on all of

their exams, 24 students on two exams, and 8 students on one

exam, and 2 students received higher scores on their individual

exam than any of their group exams. Consequently, cumulative

scores were higher than scores students would have received if

they were graded solely on their individual exam performance.

Group examsmay decrease equity gaps on exams

Students who were identified as PEERs by the university

received lower exam grades on the individual exams for the

first two exams, with students from non-PEER groups receiving

scores on average 14.7 percentage points higher on exam 1, 11.2

percentage points higher on exam 2, and 5.2 points higher on

exam 3 (Table 3). After applying a Bonferroni correction, this dif-

ference was only significant for the second exam. There were no

significant differences for students from these groups in grades

on the group exam, indicating that students across all groups ben-

efited from the exam. The combination of individual and group

exam scores slightly decreased the equity gaps in final exam

scores. However, final student course grades indicated that

there were remaining equity gaps in the course, with PEER

students receiving an average final grade of 90.28 ± 6 (mean ±

standard deviation [SD]) and students who were non-PEERS

receiving an average final grade of 93.7 ± 5.4. Welch’s t test
revealed that these differences were significant (P=0.04), with
a moderate effect size (Cohen’s D=0.6).

Students overall perceived two-stage exams as helpful
and enjoyable

We asked students five Likert-type questions regarding their

perceptions of two-stage exams. Across both quarters, students

agreed or strongly agreed that the group exam helped them

understand the material more clearly than if they had not had the

group portion of the exam, with 100% of students agreeing with

FIG 1. Overall exam performance as shown in boxplots of student
performance on the three course exams, normalized out of 100%,
disaggregated by quarter (W22=winter 2022; Sp22= spring 2022).
Boxes represent interquartile ranges, black lines represent median
scores, and black diamonds represent mean scores. Each circle
represents the exam score for one student.

TABLE 1

Descriptive statistics for exam performance

Exam

Winter 2022 (N=42) Spring 2022 (N=39)

Exam type Mean % SD Mean % SD

Exam 1a
Individual 80.7 14.8 77.8 15.4

Group 88.8 8.5 95.9 4.4

Final 83.3 12.5 82.4 11.7

Exam 2b
Individual 75.4 14.0 76.4 14.2

Group 96.6 4.6 81.0 8.7

Final 80.7 10.8 78.5 12.5

Exam 3c
Individual 77.7 14.0 64.3 17.4

Group 85.9 8.2 93.3 19.1

Final 80.1 11.9 71.7 15.8
aOne person did not take exam 1 in winter 2022, and two people did not take exam 1 in spring 2022.
bTwo people did not take exam 2 in spring 2022.
cTen people did not take exam 3 in winter 2022, and nine people did not take exam 3 in spring 2022.
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this statement in the online winter quarter exams and 82% of stu-

dents agreeing with this statement during the in-person spring

quarter exams (Fig. 2). Overall, 90% of students reported enjoy-

ing the group portions of exams. The majority of students agreed

that this type of assessment should be used in other biology

courses and felt that their group members contributed equally to

the exam (Fig. 2).

Exploratory factor analysis revealed that four out of five

items loaded onto one factor for two-stage exam perceptions

(Table 4). One item, “students in my group unfairly benefited

from the group part of the exam,” was reverse coded prior to

analysis. This item did not load onto the factor for two-stage

exam perceptions and was removed from subsequent analyses.

Each of the items that loaded onto the factor were related to

positive perceptions of two-stage exams. This factor explained

49.6% of variation in student responses and had high internal

consistency reliability (Cronbach’s alpha, >0.8).
Students overall agreed or strongly agreed that group

work was beneficial for them (Fig. 3). Exploratory factor analysis

revealed that all 11 items loaded onto one factor for attitudes to-

ward group work (Table 5). This factor explained 51.5% of var-

iation in student responses and had high internal consistency

reliability (Cronbach’s alpha, >0.8).
We generated a summary score for each student for their

perceptions toward two-stage exams and group work (Table 6).

Overall, students felt positively regarding each factor. There

were no significant differences in average student scores for

either factor disaggregated by students’ PEER status or gender

(see Appendix SA in the supplemental material).

Most students worked collaboratively on the group
portion of the exam

Groups may vary in how they approach group exams, with

some approaches fostering more discussion than others. We

asked students to select which of four options best fit their

TABLE 2

Pairwise comparisons of exam performance

Comparison Tukey-adjusted P value

Exam 1: individual vs group 0.0000000

Exam 2: individual vs group 0.0000000

Exam 3: individual vs group 0.0000000

TABLE 3

Exam performance disaggregated by PEER student statusa

Comparison PEER category

No. of students

Mean score (%) SD P valueValid Missing

Exam 1

Individuals
Not PEERs 63 1 82.3 12.4

0.009
PEERs 16 1 67.6 19.2

Groups
Not PEERs 63 1 92.7 7.5

NS
PEERs 16 1 90.4 8.1

Final
Not PEERs 63 1 85.2 10.0

0.008
PEERs 16 1 73.4 15.0

Exam 2

Individuals
Not PEERs 62 2 78.5 13.1

0.005*

PEERs 17 0 67.3 13.2

Groups
Not PEERs 62 2 89.1 10.5

NS
PEERs 17 0 90.4 9.9

Final
Not PEERs 62 2 81.7 11.0

0.008
PEERs 17 0 73.2 11.0

Exam 3

Individuals
Not PEERs 46 18 73.6 15.7

NS
PEERs 15 2 68.4 16.1

Groups
Not PEERs 46 18 91.9 9.7

NS
PEERs 14 3 88.9 9.7

Final
Not PEERs 46 18 78.0 12.5

NS
PEERs 15 2 73.3 12.6

aValid represents the number of students from each category. Students could drop one exam, and the number of missing students represents

the number of students who did not take the indicated exam. P values were calculated by conducting Welch’s t test between non-PEER and

PEER students; the asterisk indicates P < 0.05.
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group’s approach. The majority of students (N=68) reported

working collaboratively, “discussing each question until all members
agreed on an answer or an explanation.” Six students reported

they “took a vote and if unanimous moved on, otherwise dis-

cussed the questions until all members agreed on an answer”;
three students “took a vote and used the majority to determine

the answer”; and four students “used the answers from the one

person in the group who knew the most biology.”

Qualitative feedback identified aspects of the exam
that students perceived positively

When asked about their perceptions of two-stage exams,

60 students reported statements that included only positive

perceptions, 4 students reported negative perceptions, and 6

students reported a mix of both. We found no significant differ-

ences in student perceptions across gender, PEER student status,

0%

10%

10%

17%

83%

90%

90%

83%

17%

100%
The group part of the exam helped me

understand the material more clearly than if
we did not have the group part of the exam

Students in my group unfairly benefited
from the group part of the exam

Everyone in my group contributed
equally to the group part of the exam

Group exams should be used
in other biology courses

I enjoyed the two-stage group exams

100 50 0 50 100
Percentage

10%

12%

18%

18%

85%

90%

88%

82%

82%

15%

100 50 0 50 100
Percentage

Winter 2022

Spring 2022

The group part of the exam helped me 
understand the material more clearly than if
we did not have the group part of the exam

I enjoyed the two-stage group exams

Group exams should be used
in other biology courses

Everyone in my group contributed
equally to the group part of the exam

Students in my group unfairly benefited
from the group part of the exam

Response Strongly
disagree

Disagree Agree Strongly
agree

FIG 2. Student perceptions of two-stage exams, as shown by the percentages of students
who reported that they strongly agreed, agreed, disagreed, or strongly disagreed with items
assessing their perceptions of two-stage exams. Items are ordered from top to bottom by the
percentage of students reporting that they either strongly agreed or agreed.

TABLE 4

Factor loadings for perceptions of two-stage exams, with summary statistics

Items and summary statistics
Factor
loadings Mean SD Result

Items

Group exams should be used in other biology courses 0.865 3.383 0.784

I enjoyed the two-stage group exams 0.827 3.494 0.744

The group part of the exam helped me understand the material more clearly

than if we did not understand the group part of the exam
0.731 3.580 0.668

Everyone in my group contributed equally to the group part of the exam 9.646 3.247 0.845

Summary statistic

Sums of squared loadings 2.479

Proportion of variance 49.6%

Construct reliability (alpha) 0.84
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or by group exam grade gains (see Appendix SB). However, stu-

dents during the in-person quarter were more likely to report

mixed perceptions [X2 (2, N=70)=7.9, P=0.02]. Additionally,
there was a significant relationship between group approaches

and student perceptions [X2 (6, N=70)=16.67, P=0.001].
One student who had a positive experience responded

“My perception of the two-stage exams is that it really helps.
During the group portion, when going over questions, I get insight on
how they answered the questions themselves. It also helps me see
how they approach and answer the questions. Lastly, I feel that I
can reflect on what I did wrong which helps me to learn better.”

This statement represented the majority of student percep-

tions, with 49 students making statements about the utility of

the exam structure and 53 students making statements about

the impacts on their learning. Students frequently remarked

about the ability to learn from their mistakes (N=24), to see

how others approached problems (N=28), and about the

increased understanding due to discussions (N=21) (Table 7).

One student remarked on the importance of supporting

positive group dynamics: “Multi-stage exams can be great when
teams work together well. However, if a team does not work to-
gether well, it can be more harmful than beneficial.” Establishing trust

2%
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In general I learn more working in a
group than if I worked alone

Learning to work in a group is an important skill

Working with other students helps me learn

I feel that I have made new friends
because of my groups from this class

I enjoyed working in groups in this course

Group work should be used more often in classes

I find classroom group work socially rewarding

In general group work is a positive experience

I prefer to work in a group or team on class projects
as opposed to working independently
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Response Strongly
disagree

Disagree Agree Strongly
agree

FIG 3. Student perceptions of group work, as shown by the percentage of students who reported that
they strongly agreed, agreed, disagreed, or strongly disagreed with items assessing their perceptions of
group work. Items are ordered from top to bottom by the percentage of students reporting that they
either strongly agreed or agreed.
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within a group can help students focus on the discussions,

as another student shared that “I enjoyed the two-stage exams
since after working with my group since the beginning of the year,
I was able to trust their knowledge and opinions when going over
questions.”

A subset of students (N=6) shared a mix of positive and

negative perceptions. These students ranged in gender and PEER

identities, but all had benefited from group exams, were from the

in-person term, and had reported that their groups engaged in

discussion. One student responded “It sometimes made me feel
incompetent if other group members knew how to tackle a prob-
lem and I did not, but was useful in understanding how to approach
those problems.” This type of sentiment was common for students
with mixed perceptions, with another student sharing, “I liked
getting new perspectives from my group members as to how they
answered a question. However, this also gave me a bit of extra test
anxiety when I realized that they did a problem correctly and I probably
got it wrong.” These students often shared concrete examples of

benefits for their learning but reported feelings of stress, anxiety,

or discomfort upon realizing they had made errors in the indi-

vidual portion of the exam.

Four students, ranging in identities, shared only negative per-

ceptions. Two of the four students reported that their groups did

not engage in discussion, with one student sharing “I feel as
though the group portion of the exam is stressful, socially taxing, and
I am more likely to relent to the more dominate voice than fight for my
own opinion and waste time. I think that group exam work should be
given MORE time than the individual portion because of the aspect
of discussion that occurs in a group that DOES NOT occur when I am
taking an exam by myself.” This response emphasizes the impor-

tance of aligning the time expectations for an exam with the

overall goal of promoting consensus-building discussions.

Finally, negative perceptions may be mitigated by exam poli-

cies. A student shared that “It was sometimes frustrating to
know that one of the answers could be wrong because someone
else decided it was the best answer, but that was mitigated by the fact
that you couldn’t get a lower score on the exam total compared to your
individual scores.”

DISCUSSION

In this study, we found that students taking either online

or in-person group exams in a biology course performed

significantly higher on the group portion of collaborative two-stage

exams (Fig. 1, Tables 1 and 2). These results are consistent with

previous literature detailing positive achievement gains for stu-

dents in biology (21) and other disciplines (16, 22–25) and invite
future directions for study.

Improvement for high-achieving and low-achieving students

has been well-documented, but to our knowledge this is the

first study to explore the potential of two-stage exams to address

TABLE 5

Factor loadings for perceptions of group work, with summary statistics

Items and summary statistics
Factor
loading Mean SD Result

Items

I enjoyed working in groups in this course 0.814 3.543 0.633

In general I learn more working in a group than if I worked alone 0.81 3.383 0.751

Working in a group results in better mastery of course material 0.785 3.531 0.593

Working with other students helps me learn 0.779 3.543 0.571

Group work should be used more often in classes 0.771 3.284 0.729

I find classroom group work socially rewarding 0.72 3.370 0.782

In general group work is a positive experience 0.713 3.333 0.652

I prefer to work in a group or team on class projects as opposed to working independently 0.712 2.963 0.843

Group work benefits my course grade 0.689 3.556 0.592

I feel that I have made new friends because of my groups from this class 0.545 3.420 0.722

Learning to work in a group is an important skill 0.476 3.840 0.46

Summary statistic

Sums of squared loadings 5.669

Proportion of variance 51.5%

Construct reliability (alpha) 0.916

TABLE 6

Summary scoresa

Factor

Summary score

Mean SD

Two-stage exams 3.426 0.629

Attitudes towards group work 3.433 0.497
aSummary scores were calculated by taking the average score for

an item (on a scale from 1 to 4) for each factor.
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equity gaps that exist for students along racial and ethnic axes.

Equity gaps in course performance exist in many courses, with

socioeconomic status and minority status associated with course

achievement (26). We did not have a control term without group

exams, but the equity gaps identified during the individual exams

indicated that these gaps likely were present in prior terms. In our

course, equity gaps existed for PEER students in STEM, with non-

PEER students receiving scores on average 14.7% higher on exam

1, 11.2% higher on exam 3, and 5.2% higher on exam 3 (Table 3).

The group exam helped all students (Table 3) with their exam per-

formance, indicating that the collaborative learning had benefits

for students regardless of background. Previous studies have

explored the impacts of explaining reasoning on helping both

higher- and lower- achieving students (25). Exams are increas-

ingly being viewed as learning tools, an acknowledgment that

during a term students are still engaged with the active process

of learning (27). Two-stage exams provide a graded incentive

for students to discuss and engage in the learning process to-

gether. Further, with the grading structure (75% individual, 25%

group), this resulted in benefits in exam scores for all students

and a decrease in (but not elimination of) equity gaps for stu-

dents’ final scores. Future work should explore the causes of

these remaining equity gaps for exams 1 and 2. Notably, there

were no significant differences in exam scores for students during

either the individual or group components of exam 3. This was

likely due to another aspect of the exam structure, in which stu-

dents could drop their lowest exam score; high-achieving students

who were satisfied with their performance on the first two exams

could opt out of the third exam.

Future studies should further explore the types of group

dynamics that are most productive for learning during group

exams. The literature is mixed regarding whether homogenous

or heterogenous groups of higher- and lower-achieving students

result in larger benefits for learning (28, 29). Regardless, when

students have a friend in their group, this is associated with

higher student comfort (30), and when students perceive perso-

nal connections and active contributions from their group mem-

bers this contributes to willingness to work together (31). We

did not identify significant differences in perceptions based on

student demographics or group exam grade gains, but student

interviews could explore how group approaches and other fac-

tors, such as student extroversion or introversion, may impact

student experiences.

Question difficulty may impact student experiences. During

the group exams, students received the most challenging open-

ended questions from the individual exam, i.e., questions that

were from higher Bloom’s taxonomy levels (e.g., analyze and

apply, evaluate, create) and would benefit from group discussion

and consensus building. We theorized that the group exam con-

sequently was a higher-difficulty exam than the individual exam,

but we did not we did not track variability among items or

across exams. Recently, Martin (32) provided a quantitative

framework for researchers interested in exploring the inter-

actions between individual knowledge, group dynamics, and

question difficulty. Applying this framework to future analyses

would allow us to explore variability among questions.

In our course, students participating in two-stage exams

either online or in-person overwhelmingly felt positively about

their experiences (Fig. 2), but some in-person students reported

mixed perceptions. With the small sample size, these results

should be interpreted with caution but may indicate that in-per-

son group exams can elicit stressors such as within- or between-

group comparisons that are less prevalent during online exams.

Regardless of environment, we anticipate that so long as groups

TABLE 7

Student perceptions of two-stage examsa

Overall category Detailed code Description of code
No. of times
mentioned

Positive experience

(total statements: 161)

Useful or helpful experience Statements that the structure had utility 49

Impactful for learning

Able to see or learn from mistakes; identified

areas to work on
24

Able to see how others approached problems 28

Able to understand concepts 21

Better for grade Students expressing impacts on exam scores 8

Reduce stress Relieving test anxiety 8

Increase community Increasing sense of belonging and/or group camaraderie 3

Affect: like, love, or appreciate it Explicitly positive statements 20

Negative experience

(total statements: 10)

Tiring Feeling tired after multiple exams 2

Rushed Feeling rushed for time 3

Increase stress Feeling increased stress 2

Other negative
Comparing to others, size of the groups, exam

logistics (not enough copies of the group exam)
3

Other Statements that did not fit in the other codes 4
aSeventy-three students provided responses regarding their perceptions. Codes were categorized as positive or negative experiences.
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have established trust, the mode of exam delivery is less relevant

and students can experience the benefits in either mode. Overall,

the most common positive aspects of two-stage exams perceived

by students focused on the impacts for their learning, including

the opportunity to immediately reflect on their work, learn how

others approached problems, and increase their understanding of

the material by engaging in discussion (Table 7). A study tracking

students’ internal feedback during two-stage exams found that stu-
dents engaged in self-regulatory feedback processes after engaging

in the group portion of the exam, such as clarifying each answer,

exploring different perspectives, and planning their responses (33).

A benefit of the two-stage exam structure is that individual knowl-

edge at a point in time is assessed but that the group exam pro-

vides a mechanism for the exam to promote student learning and

reflection as well. We found that students more commonly com-

mented about their learning than grades (Table 7), but future stud-

ies could use our codes to inform closed-ended surveys assessing

which aspects of two-stage exams students value the most.

Students’ critiques of the two-stage exam, while less com-

mon, provided valuable insights into areas to improve the struc-

ture. While eight students cited the two-stage exams as reducing

stress, two students reported that they experienced increased

stress during the discussions when they realized their responses

on the individual exam were likely incorrect. Instructors may be

able to mediate this stress by promoting growth mindsets among

their students (34) and providing multiple reminders to students

that while the individual exam is assessing their understanding at

a particular moment, the group exam rewards their learning.

Additional student critiques focused on the logistics of the exam,

in particular, the importance of additional time for discussion.

One student asked for more copies of the exam to be provided

during the in-person group so that students did not have to

crowd around one another to review the questions. Instructors

implementing two-stage exams should take these points under

consideration for easing student experiences and helping them

maximize the group collaborations. Providing a longer time win-

dow could potentially alleviate any concerns from students, such

as the one from our study who admitted to succumbing to a

dominant voice due to feeling rushed during the group exam.

Personally, we enjoyed witnessing the dynamic discussions

that students engaged in during the group exam. In our course,

the groups of �4 to 5 people resulted in 10 to 12 additional

exams. We used questions from the individual exam in the group

exam (with one new question), reducing instructor workload

with question design. Overall, our study builds upon the existing

literature of two-stage exams and suggests that both online and

in-person exams have benefits for student exam performance

and student perceptions of the exams.
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