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Abstract 

Two-stage exams are assessment forms that allow students to take a test individually, then 

to take it collaboratively in groups. The second stage connects testing and learning 

through social interaction, particularly peer dialogue, thereby enabling immediate, 

internal feedback to support self-regulation. Most published research has evaluated 

implementations in US and Canadian colleges, and no studies from Norway have been 

identified. This study evaluates the implementation of a two-stage exam in a geography 

course. Results are based on a comparison of grades between the two stages, 

complemented with responses from a questionnaire. Findings indicate that collaboration 

improves student performance, even to the extent that group results are better than the 

highest individual result. However, low-performing students tend to benefit the most. 

Groups collaborated effectively, as indicated by consensus-finding, with the most 

pronounced effect in the cohort with greater prior collaborative experience. Questionnaire 

responses suggest that this prior experience fostered a safe and trusting environment for 

exchanging ideas during peer dialogue. Altogether, the findings suggest that 

collaboration was effective and that positive interdependence existed, promoting 

learning. For instructors considering two-stage exams, the findings presented here 

suggest that this format offers pedagogical advantages and may be a timely alternative at 

a moment when AI challenges several other assessment forms that aim to align active 

learning and testing.  
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Introduction 

Higher education has faced major challenges in recent years. While the pandemic came 

and went, Artificial Intelligence (AI) has arrived to stay. And while we were quickly forced 

to adapt to the pandemic, adapting to generative AI and Large Language Models appears 

to be both more difficult and slower. A special committee has been established to 

investigate how Norwegian higher education should adapt to AI (Malthe-Sørenssen-

utvalget). How we assess students is particularly challenging, and the committee has 

already indicated that home exams should be avoided. AI, therefore, challenges all 

educators to think anew about assessment methods and to view new and old assessment 

formats with fresh eyes. Traditional school exams are not the way forward, even though a 

controlled environment undoubtedly offers an advantage when AI use should be 

excluded from assessments. The so-called two-stage exam1 is an assessment method that 

could become more significant because it occurs in a controlled setting and includes 

elements of active learning. 

The two-stage exam allows students to do the test individually and then collaboratively 

in groups. It is a widely popular format in STEM courses (Callaghan et al., 2025), but most 

published research has evaluated implementations in US and Canadian colleges, and no 

studies from Norway have been identified. It has been argued that this assessment form is 

a “low-hanging fruit” for instructors who want to introduce active learning without 

restructuring the whole course (Bruno et al., 2017). The study presented here evaluates 

the implementation of this assessment form in a first-semester geography course at a 

Norwegian university. It also reflects on whether it can be a sustainable addition to 

standard summative assessment forms in the age of AI, as well as on its contribution to 

long-term educational impact. 

Learning through dialogue and social interaction 

Dialogue is the common denominator for active learning and two-stage exams. Through 

dialogue, students receive immediate feedback, a process that promotes learning. In this 

process, the student compares their own knowledge with information from peers, and this 

internal feedback is a key mechanism in learning (Nicol, 2007; Nicol & Selvaretnam, 2022). 

Dialogue is a main component of active learning, in stark contrast to traditional teaching 

methods, where the student is a passive recipient of information, often through a 

monologue from the instructor (Biggs, 1999). Research has shown that teaching methods 

that promote active learning are twice as effective for learning as traditional teaching 

(Deslauriers et al., 2011). In an examination situation, however, dialogue is an 

unconventional tool, but this is precisely the strength of the two-stage exam. Instead of 

merely assessing the extent to which knowledge has been acquired, this form of 

assessment also facilitates learning during the assessment process itself. 

During the second, collaborative stage of the exam, testing and learning are connected 

through social interaction, a key concept in two theories that have been used to explain 

the learning effect of two-stage exams, i.e. social constructivism and social 

 

1 In the literature, it is also referred to as a two-phase exam, a two-stage collaborative assessment, collaborative 

testing, collaborative group testing or a pyramid exam. Terms used interchangeably with these phrases include 

exam, examination, testing, and assessment.  
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interdependence (Efu, 2019; Mahoney & Harris-Reeves, 2019; Sibley & Ostafichuk, 2023; 

Zipp, 2007). Social constructivism explains how knowledge is constructed through social 

interaction. It builds on Vygotsky’s concept of scaffolding learning (as cited in Sibley & 

Ostafichuk, 2023) in which a More Knowledgeable Other (MKO; teacher, peer, etc.) 

supports learners in attaining higher levels of knowledge and skills, with this support 

being gradually withdrawn as competence increases. Social interdependence, on the 

other hand, explains how individuals' outcomes are shaped by their own and others' 

actions (Johnson & Johnson, 2009). When a common goal exists, the theory predicts that 

collaboration improves, resulting in higher levels of achievement. This is an example of 

positive interdependence. Together, these theories help explain why social interaction in 

the second stage of the assessment can promote learning.  

Pros and cons of two-stage exams 

Empirical studies show that two-stage exams enhance both performance and learning 

(Bloom, 2009; Gilley & Clarkston, 2014; Jang et al., 2017). Additional benefits include 

improved collaboration skills (Levy et al., 2023), reduced test anxiety (as cited in Efu, 2019) 

and increased motivation (as cited in Jang et al., 2017). Moreover, students are generally 

positive about this format, and mention additional advantages like grade boost, making 

friends, and increased confidence (Rieger & Rieger, 2020).  

Negative feedback on two-stage exams is relatively uncommon. However, one concern 

among students relates to who benefits from the collaborative stage, and it has therefore 

been pointed out that students need to be convinced that all, or at least most, students 

benefit from this assessment form for them to embrace it (Rieger & Rieger, 2020). Many 

studies have shown that results improve after the collaborative stage, to the point that the 

lowest group score can exceed the highest individual score (as summarised by Lee et al., 

2022; Martin, 2018; Wieman et al., 2014). Still, studies are not unified in their conclusions 

about who benefits most. Some studies indicate that the benefit may be equally 

distributed across performance levels (Gilley & Clarkston, 2014; Mahoney & Harris-

Reeves, 2019), while other studies show that low-performing students benefit the most 

(Bruno et al., 2017; Giuliodori et al., 2008). When low performers benefit most, it may be 

related to the challenge of free-riding. This is a known challenge in teamwork, in which 

some students benefit from others’ efforts while contributing little themselves. Teams that 

struggle to collaborate in general are also less likely to reach consensus through 

constructive discussions, which is crucial to the success of two-stage exams (Rieger & 

Rieger, 2020; Sibley & Ostafichuk, 2023, p. 26). Further studies on group dynamics and 

composition to strengthen students’ trust in the collaborative stage have therefore been 

recommended (Rieger & Rieger, 2020). 

Objectives 

This study evaluates the implementation of a two-stage exam in a first-semester 

geography course at the University of Bergen (UiB), Norway, the only course in the Faculty 

of Social Sciences that uses this assessment form. Based on the literature, students are 

expected to perform better in the second stage. Given that this can be confirmed, the 

study will first answer the following research questions: 

• To what extent does group performance exceed individual performance? 

• Compared to the performance level in the first stage, which students benefit the most 

in the collaborative stage? 

• To what extent do groups reach consensus? 

These quantitative findings will be complemented by a survey of students' self-
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assessments of their performance, motivation, perceived learning, and experienced group 

dynamics during the collaborative stage. This analysis will be exploratory, with an 

underlying hypothesis that optimal collaboration in groups, characterised by safe and 

trustworthy peer dialogue, would lead to improved learning and result in more correct 

answers, as self-reported by an improvement in grade after the collaborative stage. 

Materials and Methods 

This study uses an uncontrolled, exploratory design to evaluate the implementation of a 

two-stage exam. The learning effect of two-stage exams is commonly evaluated by 

examining improved performance in the collaborative stage or by assessing retention 

with an additional individual test after that stage. However, retention tests require 

controlled experiments, which are often difficult to implement in small cohorts. The 

learning effects of test repetition may also confound results (Cooke et al., 2019).  

Students’ performance in the first stage depends on individual abilities and 

preparations. Results in the second stage depend on the effect of group learning (Zipp, 

2007), and the improved performance after this stage is therefore used as an indicator of 

learning. However, less ideally, improved performance might depend on guessing or 

copy-pasting answers from other group members. It is not straightforward to determine 

which mechanism is at play in an uncontrolled design. Therefore, analysis of test results 

will be complemented with survey results to provide further insights into students’ 

experiences during the collaborative stage. 

The study uses test results from the 2023 and 2024 cohorts, referred to as H23 (n=60) 

and H24 (n=68), respectively, to answer the first set of research questions. It was 

important that respondents still had the test relatively fresh in mind. Therefore, the 

questionnaire was shared only with the H24 cohort. This was done in April 2025, while 

their test took place in October 2024. 43 of the H24 students responded. 

Course context 

 The assessment examined is part of the first-semester 10-credit course GEO110, 

“Cartography and Thematic maps,” at UiB. Its overall learning goal is to develop the 

competencies required to be a critical user of maps and geographical data. The course is 

organised into modules comprising online materials, lectures, seminars, and assignments. 

The two-stage exam assesses content from one module, supporting learning goals related 

to understanding cartographic concepts, remote sensing principles, global navigation 

satellite systems, and key characteristics of geographical data. 

Students are encouraged to read recommended literature and watch video lectures. 

Quiz results help the instructor decide which topics to review during teaching. Teaching 

also includes collaborative activities like think-pair-share.  

Before the first seminar, students were assigned to groups of three to five. These were 

also the groups for the exam, and students were therefore encouraged to work together 

in them during seminars. All seminars led to a hand-in. For H23, these were voluntary and 

individual. For H24, three mandatory group assignments were introduced prior to the 

exam to facilitate collaboration. 

The two-stage exam 

The two-stage exam consists of two identical online tests, the most common format. It is 

defined as computer-assisted assessments in which deployment and marking are 

automated (Boitshwarelo et al., 2017). Online tests have documented limitations, such as 

emphasising recall rather than higher-order thinking, and the risk that poorly designed 
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distractors can generate false knowledge (Boitshwarelo et al., 2017; Butler, 2018; Nicol, 

2007). However, incorporating peer dialogue in the second stage can mitigate these 

drawbacks, as collaborative discussion fosters self-regulation and supports knowledge 

building through peer interaction and feedback (Nicol, 2007).  

The two-stage exam took place mid-semester, around two weeks after the module's last 

lecture. Each test consisted of 30 questions and lasted 1 hour. Questions were like those 

on previous quizzes and included conventional multiple-choice questions, text/numeric 

entry, matching/pairing, drag-and-drop, hotspot, and graphic gap match (Inspera 

question types). Questions aimed at encouraging higher-order thinking rather than 

testing only knowledge recall. Because students share experiences across cohorts, 

question types were similar, but answer options differed between the H23 and H24 tests. 

The exam has two parts: the individual itest and the collaborative gtest. Students 

discussed their answers in the pre-assigned groups in the collaborative part, but delivered 

their gtest results individually. Because of this individual responsibility in the second stage, 

each part counted equally. While equal weighting can increase the risk of grade inflation 

(Rieger & Heiner, 2014), it was considered low here because the results accounted for only 

15% of the total grade.  

Although the exam was summative, its unconventional format prevented it from being 

administered in a quiet school-exam setting. It was therefore organised by the instructor 

(the author) and two to three teaching assistants. This allowed observing group 

interactions during the gtest. Students were seated in assigned groups for the whole 

exam. Flexible rooms were organised to allow sufficient spacing, preventing disturbance 

and unwanted interaction during testing. After the gtest, the instructor presented the 

correct answers. 

Questionnaire 

The questionnaire (Table 1) focused on aspects of learning, motivation and collaboration. 

The statements were formulated to reflect students’ attitudes toward collaborative 

activities, whether such activities were motivating, and students' own perceptions of 

learning during the gtest. The statements were designed as part of a pedagogy course 

attended by the author and were built on previous experiences teaching GEO110. The 

response levels were Likert-type, using frequency, agreement, importance, or quality 

scales with five levels. Self-reported improvement on the gtest had three levels. The 

questionnaire also included one open field for reflections. The questionnaire consisted of 

only 14 statements to ensure respondents would complete it. It collected no personal 

information, and a self-evaluation of its ethical aspects was registered in Rette. 

Respondents were informed about how to withdraw their response. 
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Table 1. The questionnaire with codes used in the analyses, Likert-item statements, a 

keyword indicating its topical focus, the level scale used, and whether the scale needs to 

be reversed for interpretation. All scales had five levels, with the mid-level being neutral. 

Agreement scale: 1=strongly disagree, 5= strongly agree; Frequency scale: 1=Never, 

5=Always; Quality scale: 1=Very poor, 5=Excellent; Importance scale: 1=Unimportant, 

5=Very important 

 

code statement focus level reverse 

Q01 What role did mandatory group 

submissions early in the semester 

play in facilitating effective group 

collaboration? 

cooperation importance 0 

Q02 In advance two stage exam, the 

collaboration in my group can best 

be described as:   

cooperation quality 0 

Q03 During the gtest, we collectively 

arrived at the correct answer 

through discussion 

learning frequency 0 

Q04 During the gtest, one person knew 

the answer, and the rest copied it 

without discussion 

learning frequency 1 

Q05 When we discussed answer 

alternatives during the gtest, I felt 

that I learned something  

learning frequency 0 

Q06 I felt safe and comfortable sharing 

answers, ideas and opinions with the 

rest of the group  

learning frequency 0 

Q07 I have a positive attitude towards 

group work  

motivation frequency 0 

Q08 During the gtest, everyone in my 

group chose the same answer 

learning frequency 0 

Q09 I think the gtest positively influenced 

my overall result on the test 

result agreement 0 

Q10 I believe others in my group 

benefited more from the gtest than I 

did. 

result agreement 1 

Q11 The gtest was a waste of time  motivation agreement 1 

Q12 My group had one or more free-

riders  

cooperation agreement 1 

Q13 I missed guidelines for making 

group collaboration work effectively 

cooperation agreement 1 

Q14 Knowledge of the gtest motivated 

us to make group collaboration 

effective from the start of the 

semester. 

motivation agreement 0 

Response Self-reported improvement on the 

gtest with 3 levels 

 lower, same 

or better 

result than 

the itest 
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Data analysis 

To answer the quantitative research questions, grades from the two tests were compared. 

Letter grades from official databases were converted to integers (A=5, F=0) and combined 

with group affiliation from the learning platform. Identifying information was deleted 

from the final datasets. The questionnaire was shared using Microsoft Forms. 

Analyses were done in R (version 4.5.1; R Core Team, 2025) using the following libraries:  

the tidyverse package of libraries (Wickham et al., 2019), likert (Bryer et al., 2016), psych 

(Revelle, 2025), ggcorrplot (Kassambara, 2023), MASS (Venables & Ripley, 2002) and mgcv 

(Wood, 2011). 

Improvement across stages and performance levels 

To establish that grades were higher in the gtest than the itest, improved performance 

was assessed by comparing grade distribution. The null hypothesis is that there is no 

improvement in the second stage. The alternative hypothesis is that performance 

increased after the gtest. Paired observations within cohorts were tested using a paired 

Wilcoxon test, and differences among cohorts were tested using the Mann-Whitney test.  

Previous studies have found that all group members benefit from successful group 

interaction, i.e. that the group result is better than the best individual result. To test this, 

three different measures of improvement (gtest_result – itest_result) were calculated for 

each group, using the lowest, the mean, and the highest grade on the gtest, respectively, 

compared to the highest grade of the itest. The null hypothesis is that there is no 

difference. This was tested by a Wilcoxon test, with the alternative hypothesis that there is 

a positive difference, i.e. the group effort is better than the best individual effort.  

The pattern of improvement across performance levels was examined using a cross-

tabulation of itest and gtest results. To further examine who benefits most, regression 

analysis was used with increased performance as the dependent variable and the itest 

result as the independent variable. The null hypothesis is that all students benefit equally. 

Both linear and non-linear regressions were computed to examine the type of 

relationship. Total improvement (TI) as well as relative improvement (RI) were modelled, 

defined respectively as:  

TI = gtest_result- itest_result 

RI = gtest_result – itest_result)/(5-itest_result)*100, where 5 is the best integer grade (A) 

Relative improvement accounts for higher-performing students having less “room” for 

improvement, and it was calculated after Gilley & Clarkston (2014), but used integer 

grades. 

Group consensus 

If consensus decisions are made in the second stage, it will result in more similar results. 

With letter grades, the best indication of consensus-finding is fewer distinct grades 

among group members. The null hypothesis used to test this is that there is no reduction 

in distinct grades among group members after the gtest. This was tested using a 

Wilcoxon test across cohorts and stages, with the alternative hypothesis that there are 

fewer distinct grades after the gtest. 

As groups in H24 had more organised group activities in advance of the exam than 

those in H23, there may have been an effect of the mandatory group work on their ability 

to reach consensus. The extent of consensus across cohorts was tested using a 

proportions test, with the alternative hypothesis that there are more consensus groups in 

H24. 
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The questionnaire  

Responses from the questionnaire were visualised using Likert-item plots and analysed 

using a combination of qualitative and quantitative approaches to explore patterns in and 

correlations among responses. Correlations among items were tested using Kendall’s Tau 

correlation, accounting for the ordinal nature of the Likert items (Harpe, 2015).  

Results 

Low performers benefit the most 

Analysis of grade distribution confirmed that gtest results improved significantly 

compared to the itest (Figure 1 and Table 2). This was the case for both cohorts combined 

and for each cohort separately (p-value < 0,001, Table 2). The H24 cohort performed 

significantly better than H23 on both tests (Mann-Whitney itest: p-value < 0.001; gtest: p-

value = 0.018), but B remained as the median grade for both cohorts after the gtest.  

Across both cohorts, group performance significantly affected grades. The lowest group 

grade after the gtest was better than the highest on the itest (Table 2). However, this 

effect was driven by H23 results. For H24, only the best grade of the gtest was 

significantly better than the best grade of the itest (p-value = 0.012). 

 

Figure 1. Grade distributions for H23 (left) and H24 (right).  

Table 2. Results from the paired Wilcoxon tests, with description of the test, the alternative 

hypotheses, and p-value for tests including both cohorts (both) and each separately (H24 

and H23).  

Test description alternative hypothesis both H24 H23 

improvement: difference in grades (itest - 

gtest) grades gtest > itest <0.001 <0.001 <0.001 
Consensus: distinct grades within groups gtest distinct < itest distinct <0.001 <0.001 0.004 
Group performance 1 gtest min > itest max 0.026 0.232 0.021 
Group performance 2 gtest mean > itest max <0.001 0.055 <0.001 
Group performance 3 gtest max > itest max <0.001 0.012 <0.001 

 

The cross-tabulation showed that most students (>50%) in both cohorts benefited, except 

for B students in H24, where only 30% improved their results (Figure 2). The regression 

analysis with total improvement as the dependent variable generally indicated that low-

performing students benefited most (H24: slope = -0.77, adjusted R2 = 0.58, p-value < 

0.001; H23: slope = -0.70, adjusted R2 = 0.52, p-value < 0.001). However, when inspecting 

relative improvement, RI, there were variations among cohorts (Figure 3). For H24, low-

performing students still benefited most, but for H23, a U-shaped curve, rather than a 
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linear one, provided the best fit (ANOVA, p-value = 0.006), indicating that both low- and 

high-performing students gained more than mid-performing students. 

Consensus increases 

The number of distinct grades at the group level was significantly fewer for the gtest (2) 

than the itest (4) (Figure 4 and Table 2). This trend was strongest for H24, and the 

proportion of groups with the same grade for all group members was significantly higher 

in H24 than in H23 (75% versus 39%; p=0.01). 

 

 

 

 

 

 

 

 

 

 

Figure 2: Cross-tabulation of grades from the gtest (columns/blue) and itest (rows/red) for 

H23 (left) and H24 (right). Diagonal cells are the number of candidates with similar results 

in both tests, while cells below the diagonal are the number of candidates with lower 

results after the gtest. Row-wise, cells in bold indicate the median grade after the gtest for 

the corresponding itest grade.  

 

Figure 3: Relative improvement (RI) in grades for H23 (left) and H24 (right) given grades on the itest 

(x-axis). A non-linear model gave the best fit for H23 with the lowest modelled improvement for D-

grade students. For H24, the relationship was linear and negative. Note the different scale on the y-

axis.  

  

H24 F E D C B A 

F 0 0 0 1 0 0 

E 0 0 0 0 3 0 

D 0 0 1 6 12 2 

C 0 0 0 3 19 6 

B 0 0 0 1 8 4 

A 0 0 0 0 1 1 

 

H23 F E D C B A 

F 0 0 1 3 0 3 

E 0 0 1 12 4 1 

D 0 0 1 8 3 3 

C 0 0 0 3 8 2 

B 0 0 0 0 1 5 

A 0 0 0 0 0 1 
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Figure 4. Distribution of distinct grades for H23 (left) and H24 (right) for the itest and gtest.  

Relationship between motivation, learning, group work quality and gtest results 

The responses generally indicated positive agreement with the statements (Figure 5). Only 

two statements had neutral as the dominant level (Q10 and Q4). Self-reported 

improvement following the gtest was consistent with the quantitative findings (Figure 6). 

Responses regarding motivation (Q7, Q11, Q14) indicate that most students enjoyed 

group work (Q7: 70%) and found the gtest useful (Q11: 74%). The latter were more likely 

to report that their groups had no free-riders (Q11 vs Q12), were more confident in how 

to make collaborations work (Q11 vs Q13) and tended to perform better on the gtest than 

on the itest (Q11 vs Response). 

While early knowledge about the gtest motivated around half the students to make 

collaboration effective from the beginning of the semester (Q14), 77% said that 

mandatory assignments were very important or important for the same purpose (Q1). 

These responses are positively correlated (Figure 5). 

For the group work itself (Q1-2, Q12-13), 2/3 of respondents report that it functioned 

well or excellently before the test (Q2). A small group (16%) would have liked more 

guidelines on how to make group work effective (Q13), and about the same percentage 

reported that there were free-rider(s) in their group (Q12).  

Responses concerning learning (Q3:6, Q8) revealed that most respondents (67%) always 

or very often had a positive learning experience during the gtest (Q5). Furthermore, 91% 

always or often felt confident and safe sharing thoughts during discussions, while only 9% 

rarely or sometimes had the same experience (Q6). Remarkably, there was no negative 

feedback on statements Q8 and Q3, and, respectively, 81% and 79% of respondents often 

or always experienced their group agreeing to and collectively arriving at the correct 

answer option. It was never or rarely the case that multiple-choice options were copied 

without discussion in the group (9%; Q4). Nevertheless, 49% reported that this was 

sometimes the case. 

Significant correlations among learning statements (Figure 5) underscore that 

discussions in safe settings were important for consensus-finding and feeling of learning 

(Q3 vs Q5, Q6, Q8). Those who affirmed a feeling of learning (Q5) also had improved test 

results (Q9). Moreover, those who collectively chose the same answers (Q8) were more 

likely to find the gtest useful (Q11), to gain from it (Response), and to have sufficient 

guidelines for the group work (Q13). 

Only 12% of the respondents found the gtest negative for their overall result (Q9). 

Furthermore, these respondents strongly agreed/agreed that other group members had a 

larger advantage, as suggested by a strong negative correlation (Q9 vs Q10). Hence, they 

more often found the gtest to be a waste of time (Q9 vs Q11) and did not improve their 

results after the gtest (Q10 vs Response). 
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Figure 5. Left: Plot of Likert-items for the 14 statements (Q1-14). Response levels for each item are 

explained in Table 1. Numbers to the left are percentages for levels 1+2, and to the right, for levels 

4+5. The percentage for the intermediate level is given on the grey symbol in the middle. Note that 

statements Q4 and Q10-13 have reverse levels: low levels indicate positive affirmation, and vice 

versa. Right: Visualisation of the Kendall Tau correlation matrix with only significant correlation 

coefficients visible. p-value level <= 0.05. 

Figure 6. Plot of Likert-item Response with self-reported results after the gtest compared to the 

itest, 1 = lower result, 2 = same result and 3 = improved results.  

The group of students who did not improve their grades after the gtest (non-improvers) 

had markedly different responses to Q5 and Q9-12 than those who did (improvers) 

(Figure 7). While most non-improvers rarely (17%) or only sometimes (42%) felt they 

learned something during the peer dialogue, only 23% of the improvers had the same 

experience (Q5). Non-improvers also agreed more often than improvers that free-riding 

was a problem (Q12: 36% vs 10%). This also made them more negative to the test itself 

(Q11) and its result (Q9). 

Two open-field comments described different opinions about the relation between the 

test, group work and motivation: 

"I had read a lot beforehand, so I knew a lot from before, but the group work meant that I was 

able to answer the things I didn't know before. I liked the group work because I got along well 

with my group, and we did really well on the group part." Respondent 24 (translated by Google) 

«The fact that the multiple-choice test was divided into individual parts and group parts meant 

that I did not focus so much on practising for the exam. For my part, I think that the motivation 

for learning and preparing for the exam would have been greater if it were only individual.» 

Respondent 25 (translated by Google) 
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Figure 7: Likert-item responses for non-improvers (left) and improvers (right). Non-improvers are 

students who reported that their grade on the gtest was the same or lower than on the itest. 

Improvers performed better on the gtest than on the itest. Numbers to the left are percentages for 

levels 1+2, and to the right, for levels 4+5. The percentage for the intermediate level is given on the 

grey symbol in the middle. Note that statements Q4 and Q10-13 have reverse levels: low levels 

indicate positive affirmation, and vice versa. 

Discussion 

The study’s results support previous findings that performance improves during the 

collaborative stage (cf. summary in Lee et al., 2022). Moreover, they align with findings 

summarised in Sibley & Ostafichuk (2023) that groups outperform individual 

achievements. The presence of possible MKOs within each group probably increased the 

likelihood of finding correct answers and of performing better. Because the test covered 

various topics, students might perceive different difficulty levels, increasing the chance 

that someone in the group is an MKO on at least one topic. This likely relates to 

respondent 24's comment. The group effect was strongest for H23, possibly because their 

initial itest median was grade D. A lower starting point offers greater potential for 

improvement and for acting as an MKO on some topics.  

Generally, improved performance after the gtest suggests that most students benefit 

from this assessment form. But the findings also suggest that low performers consistently 

benefited more. This is in line with the findings of other studies (Bruno et al., 2017; 

Giuliodori et al., 2008). However, the pattern of relative improvement for H23 (Figure 3) is 

more nuanced. It also aligns with studies showing that benefits can be distributed equally 

across performance levels (Gilley & Clarkston, 2014; Mahoney & Harris-Reeves, 2019). This 

pattern is likely related to the presence of more low-performing students in H23, 

suggesting that some groups may have consisted solely of low performers. Groups with a 

mix of high- and low-performing students typically improve the most (e.g. see Bruno et 

al., 2017), whereas the outcomes of those with only low-performing students are more 

variable, contributing to the U-shaped pattern. While all students benefited from this 

assessment form, this study suggests that, most commonly, low-performing students 

benefited more than higher-performing students. 

Consensus-finding is a key to success in two-stage exams and depends on well-

functioning groups. In this study, consensus did indeed increase after the collaborative 

stage for both cohorts. Notably, the H24 cohort reached consensus more often than the 
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H23 cohort. Team functioning, related to both group composition and internal dynamics, 

may be one reason for this difference. Groups in both cohorts were teacher-formed, which 

has been shown to be more effective than student-created ones (as cited in Sibley & 

Ostafichuk, 2023). However, a key difference was the introduction of mandatory group-

based learning activities prior to the H24 assessment. 77% of the H24 students found 

those important for helping their groups function effectively. The H23 cohort, on the 

other hand, had less collaborative experience in assigned groups. Research in Team-Based 

Learning has found that with as few as four cycles of readiness assurance tests (two-stage 

tests for formative purposes), teams have started making consensus-based decisions (as 

discussed in Sibley & Ostafichuk, 2023). Although three assignments in this course 

provided limited time for collaboration, they seem to have been sufficient for developing 

a team-feeling. According to Tuckman’s (1965) model on stages in team development, 

teams typically go through the stages of forming, storming, norming, and performing 

before functioning effectively. The finding that 66% of respondents reported that their 

group functioned well or excellent before the assessment supports this interpretation that 

H24 groups had progressed to higher stages of team development. That group decisions 

were always or often reported as consensus-based (Q3; 79%) also aligns with quantitative 

results showing fewer distinct grades within groups. Furthermore, half of the students 

reported that early knowledge about the gtest motivated them to work effectively in 

groups. Altogether, these findings also suggest that many groups experienced positive 

interdependence in the collaborative stage. 

Rieger & Rieger (2020) found that negative feedback is rare in two-stage exams, but 

when reported, it is often related to group dynamics. This is also the case in this study. A 

minority of respondents (12%) were dissatisfied with both their results and the gtest itself. 

These non-improvers agreed more often that there were free-riders in their groups. These 

free-riders, most likely among low-performing students, were probably disproportionately 

favoured during the collaborative stage. The free-riding attitude, reflected in the quote 

from respondent 25, typically leads to unfair results and frustration among students (Hall 

& Buzwell, 2013). It is likely that the reported dissatisfaction with the collaborative stage 

of the exam stems from this dynamic. 

Reviews of social loafing in collective work indicate that it “is consistently obtained and 

moderate in magnitude” (Karau & Williams, 1993). Also, in this study, free-riding was 

moderate in magnitude. Still, reducing it further should be an aim. Zipp (2007) has 

suggested that fostering individual responsibility may reduce the risk of free-riding. This 

may be achieved by weighting the individual part more heavily, up to 90%, or by using 

more sophisticated regimes that account for group performance (Beatty, 2015; Callaghan 

et al., 2025; Rieger & Rieger, 2020; Zipp, 2007). The latter, however, may be difficult to 

incorporate into assessment platforms that automatically calculate test results. Delivering 

individually in stage two can also foster individual responsibility and prevent “unfair” out-

voting of high performers (Zipp, 2007). This was the approach used in this study, but 

combining it with a heavier weighting of the individual stage seems more promising for 

reducing free-riding. 

The evaluation of the implemented two-stage exam has shown improved performance. 

Nevertheless, improved performance alone cannot be interpreted as a sign of learning 

when the study design is exploratory and uncontrolled. Improved performance may result 

from exchanging correct answer alternatives, without prior peer dialogue known to 

facilitate learning. Even the fact that 67% of respondents always or often felt they had 

learned something during the collaborative stage is not a sufficient sign of actual learning 

(Deslauriers et al., 2019). The learning process is supported by internal feedback 

mechanisms, facilitated by comparison of knowledge through peer feedback and self-

regulation (Nicol, 2007; Nicol & Selvaretnam, 2022). It is therefore reassuring that 79% 
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and 91% reported positively on indicators suggesting that learning took place, namely 

consensus-finding and feeling safe and comfortable during discussions. Lively discussions 

were indeed observed in all groups during the collaborative stage. Similar high 

engagement has rarely been experienced during teaching activities in this course. High 

engagement is often attributed to the high stakes involved with summative assessments 

(Rieger & Heiner, 2014). Altogether, these factors suggest that collaboration was effective 

and that positive interdependence existed, promoting learning. 

Limitations  

Given the study design and unknown cohort differences, the findings should be 

interpreted cautiously. Without testing retention, it is difficult to draw firm conclusions 

about the learning effect; however, retention testing also has its challenges (Cooke et al., 

2019). Complementing the quantitative data with qualitative data was therefore 

important. Still, a richer questionnaire also including standardised questions, 

supplemented by individual or focus-group interviews, would have further strengthened 

the findings. This could be explored in follow-up studies. The quantitative analysis could 

have been further improved by basing it strictly on similar questions and using 

percentage scores rather than letter grades. This would have enabled direct comparison 

of the two cohorts, possibly giving more insight into the effect of prior mandatory 

assignments. This would also have allowed controlling for item quality, such as 

discrimination and difficulty, a recommended strategy for improving the quality and 

learning potential of online tests (Brown & Abdulnabi, 2017). Finally, a more 

comprehensive quantitative analysis of group behaviour could provide further insights 

into the quality of collaboration in the second stage (Beatty, 2015). 

Long-term educational impact 

With the use of generative AI, not only is active learning challenged, but the long-term 

educational impact is as well. The latter is an important goal of assessment and implies 

that the learning outcomes of courses and programmes become an integral part of 

students' competency toolkit, beyond the assessment itself. 

There are several ways to address this challenge. In this broader context, two-stage 

exams offer the advantage of combining summative assessment in a controlled, AI-free 

environment with social interaction through peer dialogue. This combination can 

contribute to long-term educational impact by potentially increasing student motivation, 

fostering an inclusive student environment, and improving learning beyond purely 

cognitive aspects. 

The push to study created by summative assessment is motivating for most students. It 

is also well known that exams may create anxiety about not performing well enough. 

However, this anxiety is often reduced or even eliminated by the collaborative aspect (Efu, 

2019, Levy et al, 2023). Knowing that most students benefit from the collaborative stage 

can also be motivating (Jang et al., 2017). This may be especially encouraging for low-

performing students, contributing to their self-confidence. For first-semester students, 

encountering this format early in their course of study can be reassuring.  

The two-stage exam promotes social interaction. This aspect can be easily developed by 

encouraging learning activities within the assigned test groups from the start of the 

semester. This study indicates that such activities had a positive effect on creating a team 

feeling. This can further help build inclusive student environments. This is arguably very 

valuable for students in general, and particularly for first-semester students. 

Two-stage exams integrate active learning into the assessment itself, addressing the 

paradox that, while active teaching and learning practices promote collaboration and peer 
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dialogue among students, these principles are often abandoned in assessment (Jang et 

al., 2017; Ley et al., 1995; Wieman et al., 2014; Zipp, 2007). By acknowledging that 

assessment is about more than grading, it supports learning beyond the strictly cognitive 

aspects. While the latter are the sole focus of, for instance, Bloom's taxonomy (Bloom et 

al., 1956), other learning frameworks, such as Significant Learning by Fink (2013), define 

learning as an overall experience. It includes learning related to aspects such as the 

Human dimension, Caring, and Learning how to learn, including, among others, self-

learning and intrapersonal skills. These skills are as important as cognitive skills in 

securing lifelong learning, both independently and in collaboration. 

Conclusion 

This study found that the collaborative stage of two-stage exams benefited all students, 

with low-performing students benefiting the most. Although a minority of students 

reported challenges with free-riding, groups collaborated effectively, especially in the 

cohort with prior collaborative experience. Questionnaire responses suggest that this 

prior experience fostered a safe and trusting environment for exchanging ideas during 

peer dialogue in the collaborative stage. Altogether, the findings suggest that 

collaboration was effective and that positive interdependence existed, promoting 

learning.  

Future AI-robust and sustainable assessment methods must utilise tools that help 

students recognise what learning is and that 'genuine' intelligence, in combination with 

social interaction, is fundamental for lifelong learning. Two-stage exams could be one of 

several such measures. 
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