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Abstract:  14 
Identifying strategies that improve learner’s information retention, collaboration skills, and 15 
academic performance are of acute interest in higher learning. Additionally, modeling real-world 16 
scenarios to prepare students for post-academic life can be greatly beneficial. By using different 17 
testing strategies, such as assigning exams to be done individually or in groups and modulating 18 
the allotted time-per-question, one can compare the efficacy of these changes to the standard 19 
testing format. In this study, we used data from two undergraduate courses to evaluate how 20 
changing the time per question and how working in groups impacts test grades. Self-reflection 21 
questions were also used to gauge student’s satisfaction with the changes and see if their 22 
perceptions aligned with the data. On average, students’ performance improved when taking tests 23 
in groups compared to individually, however, the increase in time-per-question did not have a 24 
consistent impact. Students had overall positive reactions to working in groups with a greater 25 
sense of confidence and collaboration reported in the self-reflection questionnaire. While more 26 
data are required to make definitive conclusions, these data show that integrating additional 27 
group-based activities, specifically test-taking, can improve student performance and enjoyment 28 
in learning outcomes.  29 
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Introduction 45 
 Collaborative learning (CL) is an educational approach by which learners work with others 46 
(students, peers, teachers) to problem solve and understand concepts. This method contrasts 47 
with traditional, teacher-centered instruction by including students in a more active learning 48 
process. The positive effects of CL on students’ development and performance are supported by 49 
decades of research. Implementing CL practices has been shown to greatly improve student 50 
individual learning (Linton et al., 2014), engagement (Molinillo et al., 2018), and satisfaction (Le 51 
et al., 2017; Martins et al. 2021) in the classroom. While CL includes a diverse array of specific 52 
lesson plans and methods, it can be used in all subjects and is relevant to all aspects of life. In 53 
academia, students work together when studying and completing coursework. Collaboration 54 
persists outside academia in all careers as people communicate and work together to fulfill 55 
individual and collective goals. Collaboration also facilitates work efficiency and time management 56 
to meet deadlines. Certain CL techniques and activities mimic real-world scenarios and therefore 57 
can prepare students beyond the teacher-centered alternative (Cheng et al. 2021).  58 

Test speededness is the measure of how time constraints on tests affect the performance 59 
of the individual taking the test (Cintron 2021). Different testing scenarios highlight the complex 60 
nature of test speededness and the difficulty in generalizing across groups, but also why it could 61 
be a valuable metric to monitor and explore. For example, compare a test that consists of 62 
completing as many basic arithmetic questions as a test-taker can in 30 seconds to a test where 63 
the test-takers have several hours to complete it, but the complexity of each question varies 64 
greatly. These two scenarios provide different information about learning outcomes and the 65 
individuals taking the test. There is limited research on the impact of CL on test speededness. 66 
Our preliminary research found that collaborative testing improves student performance and 67 
speed on an exam (Greenberg & Martins 2022) but did not include exams with a time constraint.  68 

Collaborative testing is a concept that connects CL and test speededness, allowing 69 
students to work with others on an exam. To further explore collaborative testing, this study aimed 70 
to evaluate the effect of collaborative testing compared to individual testing on test speededness. 71 
We present data on students’ perceptions of self-efficacy in these two testing settings and the 72 
extent to which students learned something new while taking a test in a group. We also used the 73 
virtual, game-based learning platform “Kahoot!” to perform a similar evaluation on test-takers 74 
when given varying levels of per-question time. Results from previous classes found that while 75 
the time taken to complete an exam individually did not predict the student’s grade, a negative 76 
correlation (P=0.0416 r=-0.351) was found between student’s grades and the time it took to 77 
complete the exam as a group (Supplemental Figure 1). Groups that completed the exam faster 78 
tended to have higher grades, suggesting that students work more efficiently and achieve higher 79 
results when collaborating. Additionally, it was found that students perform better individually in 80 
Kahoot! games when there is a 20 second time constraint per question compared to a 30 second 81 
time constraint (Supplemental Figure 2). Based on these previous results, we hypothesized that 82 
group learning enhances student performance and efficiency. The objectives of this study were 83 
to:  84 
1) Measure the effect of collaborative versus individual test-taking. 85 
2) Measure the effect of test speededness on accuracy. 86 
3) Measure the effect change of test speededness on collaborative versus individual test taking. 87 
4) Analyze how students’ self-perception of performance reflects their actual performance. 88 
 89 



Materials and Methods 90 
 91 
Class Design 92 

The study consisted of data from two General Education undergraduate courses at the 93 
University of Florida: “PLP2000: Plants, Plagues, and People” and “PLP2311: What Are Plants 94 
Talking About?” that were taught simultaneously by the same instructor in the Spring of 2023. 95 
One class had 14 students, and the other class had 43 students. The same instructor taught both 96 
courses.  97 

 98 
Two-Stage Exams 99 

Two two-stage exams were completed during the semester and were divided into 100 
individual and group segments. Students had a three-hour block to complete both sections, and 101 
because no student exceeded two hours, we considered this the non-time-constrained exam. 102 
Initially, students completed the exam individually. Once all students had finished the individual 103 
portion and handed it in, students formed groups of four or five members on their own to retake 104 
the same exam collaboratively. Collaborative work was done by communicating quietly in groups 105 
on a single exam copy. The groups were distantly arranged in the classroom and instructor and 106 
TA walked around the room to make sure groups were not trying to listen to the discussion from 107 
other groups. The groups varied from week to week. The two-stage exams consisted of 20 108 
questions. 10 questions were created by the course instructor and the other 10 questions were 109 
selected by the instructor from the questions created by students for the weekly quizzes. Student 110 
exam grades were 60% attributed to individual performance, 30% attributed to group 111 
performance, and 10% attributed to completion of the post-exam self-reflection questionnaire.  112 
 113 
Kahoot! Quizzes 114 

Kahoot! provided a virtual, game-based testing platform that students could log into and 115 
answer from their phones or computers. Kahoot! quizzes were administered as time-constrained 116 
exercises that were delivered in two parts, individually and in a group. The total number of 117 
questions per exercise was 20, consisting of 17 multiple choice questions and 3 true/false 118 
questions. The questions were different for the individual and group scenarios (two sets of 20 119 
questions), and a time constraint was imposed on each question. One quiz had a time constraint 120 
of 30 seconds per question for individual and group parts. The second had a time constraint of 20 121 
seconds per question for individual and group parts. If the student or group did not choose an 122 
answer for a question, the question would be marked as incorrect. The score is formulated in 123 
Kahoot! by the quickness and accuracy of students’ answers, with higher scores achieved for 124 
correct answers given more quickly. An incorrect answer yields a score of 0. The correct answer 125 
was immediately provided to the students after each question. Groups consisted of 4 - 5 students. 126 
For all Kahoot! exercises, the individual part was administered before the group part. Student 127 
performance on the Kahoot! exercises did not affect students’ grades in either class. There were 128 
four total iterations of the Kahoot! quizzes, two for each class, resulting in eight separate 129 
evaluations. Kahoot! exercises were administered during the class period prior to the class of the 130 
two non-time-constrained exams. 131 
 132 
 133 
 134 



Self-Reflection Questionnaire 135 
Self-reflection questionnaires were administered immediately after students completed a 136 

two-stage exam. These surveys consisted of the following 14 questions (Table 1) and were 137 
returned anonymously. Students received 10% of their grades by simply returning the 138 
questionnaire with an answer. Students were informed before completing the questionnaire that 139 
there were no right or wrong answers. We collected qualitative data from the surveys as well as 140 
quantitative data from numeric-scale questions.  141 

 142 
Table 1: List of questions used in student self-reflection questionnaires. 143 

 144 
Data Collection and Data Analysis 145 
All activities conducted in this research were approved by the Institutional Review Board, with the 146 
service survey number IRB202100054. Wilcoxon signed-rank test (Whitley & Ball 2002) was used 147 
to assess the Kahoot! and exam performances. Data analysis was performed in RStudio and 148 
SigmaPlot® version 14.5, RStudio (RStudio Team, 2020), and  wordcloud  package  (Ian  Fellows,  149 
2018)  were  used  for  data  analysis  and artwork.  150 
 151 

Question Number Question 
1 Describe your experiences and thoughts about completing the 

test individually as compared to in a group. 
2 Did you learn anything from your colleagues during the 

collaborative part of the test that was not clear before, or were 
you already comfortable with the subject? 

3 
 
4 
 
5 
 
6 
 
7 
 
8 
 
9 
 
 
10 
 
11 
 
12 
 
13 
 
14 

Did you find it faster to do the test in a group or by yourself? If 
yes, why? If no, why? 
Did you find it easy to collaborate with your peers? If yes, why? 
If no, why? 
Did you experience any challenges when completing the test 
with your group? Please explain. 
Did any of the questions you created show up on the test? If yes, 
did you remember the answer? 
Explain why you agree or disagree with the following statement: 
Creating questions helped me to learn the subject. 
On a scale of 1 to 10, how well do you perform when answering 
timed questions? 1 = very bad; 10 = great. 
On a scale of 1 to 10, how competitive do you consider yourself 
to win a game (example: trivia)? 
What challenges (if any) do you perceive to have the greatest 
influence on your performance on timed questions? 
On a scale of 1 to 10, how closely does your perception match 
your performance (about question 10)? 1 = never; 10 = always 
Did you like doing Kahoot! before the exam? If yes, why? If no, 
why? 
On a scale of 1 to 10, how do you rate the difficulty of this exam? 
1 = too easy; 5 = fair level; 10 = too hard 
What is your gender identity? (select all that apply): Woman, 
Man, Transgender, Non-binary/non-conforming, Prefer Not to 
Answer 



Results 152 

Time-Constrained Evaluations 153 
Kahoot! quizzes served as time-constrained evaluations. Group performance was better 154 

than individual performance on all Kahoot! evaluations (P < 0.001 for 20s/question; P = 0.004 for 155 
30s/question). The average individual performance on the 20 second Kahoot! quizzes were 67% 156 
in one class and 61% in the other class. The average group performance for these classes was 157 
73% and 80%, respectively. For Kahoot! quizzes with the 30 second time constraint, average 158 
individual scores were 60% and 55% and average group scores were 78% and 85%, respective 159 
of each class. Without grouping by class, the average individual performance on the Kahoot! 160 
evaluations with a time constraint of 20 seconds was 66.4% and average group performance was 161 
75.6%. Under a 30 second time constraint, average individual performance fell to 58.5% but 162 
average group performance increased to 79%.  163 
 164 
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Figure 1: Individual and group performance on Kahoot! evaluations. Individual performance and 201 
group performance are indicated by the silhouettes in the bottom right of each box plot. The x axis 202 
of each graph represents question number, and the y axis is the possible score. Question number 203 
is arranged by increasing median score. Repetitions of Kahoot! evaluations by different student 204 
populations are shown in adjacent box plots. Kahoot! evaluations were administered with a time 205 
constraint of 20 seconds per question and 30 seconds per question. Individuals and groups had 206 
completely different sets of questions, all related to the same subject. Results from the top 4 207 
graphs were completed by students from the PLP2311 course while the bottom 4 graphs were 208 
completed by students from the PLP2000 course. 209 

On average, groups took less time than individuals did to answer a question correctly for 210 
all four Kahoot! evaluations (Figure 1). This trend (groups taking less time than individuals) was 211 
present for all iterations of the Kahoot! evaluations, regardless of whether there was a 20-second 212 
or 30-second time constraint per question. 213 
  214 
 215 
 216 
 217 



Two-Stage Exams 218 
When individual performance was compared to group performance for the exams, better 219 

average results were obtained for the group scores than individual scores on all the two-stage 220 
exams (p < 2.74e-06, p < 9.01e-07, p = 0.006, p = 0.001) (Figure 2). Specifically, 75% of students 221 
performed better on exams when working in groups than working individually. No student 222 
performed worse while working in a group on exam 4.  223 

 224 

 225 
Figure 2: The effect of exam setting (individual vs group) on student performance was measured 226 
using a Wilcoxon signed-rank test. In this figure, performance is categorized by “performed better 227 
in group,” “performed the same,” and “performed worse in group.” Exams 1 and 2 were completed 228 
by students from the PLP2311 course while exams 3 and 4 were completed by students from the 229 
PLP2000 course. The proportion of students that performed better in a group setting was the 230 
highest on all four exams with a magnitude of ≥ 0.75. No student performed worse in a group on 231 
Exam 4, so there is no red X present.  232 
 233 
All exams, except for exam 3, saw a reduction in the average time taken to complete the exam. 234 
This can be seen by comparing vertical dashed lines across corresponding plots in Figure 3. Even 235 
though exam 3 took longer in groups than individually, it was only by one minute. Individual and 236 
group performance can be compared by looking at the horizontal dashed lines across 237 
corresponding plots which indicates average performance.  238 



 239 
Figure 3. Performance and time to complete the exam individually and in groups for 4 exams in 240 
two general education courses. Exams 1 and 2 were completed individually (single person icon) 241 
or in groups (3 people icon) by students from the PLP2311 course while exams 3 and 4 were 242 
completed individually (single person icon) or in groups (3 people icon) by students from the 243 
PLP2000 course. Horizontal dashed lines indicate average performance per exam, and vertical 244 
dashed lines indicate average time taken per exam.  245 
 246 
Self-Reflection Questionnaire 247 
Students had mostly positive remarks regarding taking tests as a group compared to doing so 248 
individually as reported in all the self-reflection questionnaires (two questionnaires per class): 249 
74% of responses to question 1 preferred working in groups with the most common reasons being 250 



reduction in time and stress and the ability to collaborate with others. Twenty one percent (21%) 251 
had no preference taking the exams individually or in groups, and 5% preferred taking the exams 252 
individually. Similarly, only 3% of students responded to question 3 that they felt working in groups 253 
was slower, and only 1% responded to question 4 that they found working in groups was not 254 
easier (Figure 4). Students found that group testing allowed them to share and discuss ideas 255 
which reportedly improved their confidence. For instance, some students reported: “I felt more 256 
confident taking the test as a group and felt like I learned more from my peers”. Others found 257 
group testing to be less stressful and helped reduce their anxiety: “The test was very stressful 258 
individually, so when I worked in a group I felt a lot more calm”. Furthermore, over 82% of survey 259 
responses to question 2 indicated that students either learned something new or received 260 
clarification on material that they were unsure about.  261 
  262 
 263 
 264 



 265 
 266 
Figure 4. Wordclouds for responses to questions 1, 3, and 4 of the self-reflection questionnaires.  267 
 268 
 269 

We investigated why students performed better in groups than individually on the self-270 
reflection questionnaires, specifically questions 8-12 (Table 1). There was no significant 271 
correlation between the change in group and individual performance for each student (dependent 272 
variable) and questions 8, 9, and 11 (independent variables) (P= 0.434, 0.170, 0.231), suggesting 273 
that additional evidence is required for the quantitative survey questions.  274 

The most common challenges identified in question 10 were time pressure (43%), lack of 275 
confidence (21%), anxiety (18%), and lack of knowledge (13%).  276 
 Fifteen percent (15%) of the students reported facing challenges when working in a group 277 
(Question 5). Those who did report challenges described the difficulty arising when other students 278 



were confident about certain answers that they disagreed with. This led to peer-to-peer discussion 279 
as all groups finished and submitted the exam without instructor intervention. 280 
 281 
 282 
Discussion 283 

The results of this study highlight the benefits of group testing over individual testing in 284 
both time-constrained and non-time-constrained evaluations. The data showed that group 285 
performance was consistently better than individual performance in both Kahoot! quizzes and 286 
two-stage exams. Specifically, the average group performance was greater than the average 287 
individual performance regardless of the time constraints. The results indicate that groups not 288 
only achieved higher scores but also took less time to answer correctly, suggesting greater 289 
efficiency and accuracy in a collaborative setting. Despite the small sample size of 57 students 290 
from only two classes, the significant trends observed in this study warrant further investigation. 291 
The greater efficiency is likely due to the collaborative nature of group testing, which facilitates 292 
idea sharing and collective problem-solving. 293 

The self-reflection questionnaire provided further insights into the perceived benefits of 294 
group testing. Students reported that group testing allowed them to share and discuss ideas, 295 
which improved their confidence and reduced anxiety: “I enjoyed taking [the exam] as a group 296 
because my team had several ideas I didn’t consider”. Over 82% of the survey responses 297 
indicated that students learned something new or received clarification on material they were 298 
unsure about, showing the potential value of peer discussions during group tests. This finding 299 
aligns with previous research that has shown students benefit from peer instruction, which 300 
enhances their understanding and retention of course material (Tullis & Goldstone, 2020).  301 
However, it is essential to refine the survey questions to better understand the challenges 302 
students face when working in groups. Previous studies have shown that test anxiety does not 303 
diminish when taking tests as a group compared to individually (Breedlove et al., 2004). Yet, the 304 
structure of individual and collaborative testing in this study differs from those in previous 305 
research, indicating a need for more tailored studies. 306 

Interestingly, the data also revealed that individuals performed better under stricter time 307 
constraints, suggesting that the pressure of limited time might enhance focus and performance. 308 
This observation was consistent across both the preliminary and presented data. However, it is 309 
worth noting that not all students participated equally in the Kahoot! evaluations. The different 310 
participation levels indicate that either (or both) time constraints or lack of impact on class grade 311 
might have diminished engagement. Less pressure on any assignment or exam because the 312 
result will not impact their overall grade likely leads to less effort or focus during those ungraded 313 
assignments/exams.  314 

The challenges identified in the self-reflection questionnaire, such as time pressure, lack 315 
of confidence, and anxiety, were common among students. These issues suggest that additional 316 
research is needed to explore how different time constraints impact student performance and 317 
stress levels. Manipulating the time constraint from 20 and 30 seconds to 20 and 60 seconds per 318 
question could provide valuable insights into alleviating potential time-pressure experienced by 319 
students. The positive reception of group testing by students, with 100% of survey responses 320 
affirming the value of Kahoot! evaluations for reviewing course material and preparing for exams, 321 
underscores the potential benefits of incorporating collaborative testing methods in educational 322 



settings. This study’s findings echo the results of existing literature that associates a higher sense 323 
of belonging in science classrooms with higher academic achievement and persistence (Walton 324 
& Cohen, 2011; Yeager & Walton, 2011). Additionally, the extent to which students contribute to 325 
discussions plays a crucial role in their learning experience (Penuel et al., 2023). 326 

In conclusion, this study provides compelling evidence that group testing can enhance 327 
student performance, confidence, and learning. However, further research with larger sample 328 
sizes and varied time constraints is necessary to validate these findings and address the identified 329 
challenges. By refining the research design and survey instruments, future studies can offer 330 
deeper insights into the dynamics of group versus individual testing in educational contexts. 331 
 332 
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Supplemental Figure 1 - Pearson’s correlation coefficients between students’ time to complete 421 
the two-stage exam individually (A) and in groups (B) and their individual grades (A) and group 422 
grades (B). The data presented represents two exams with seventeen students per exam (n=34). 423 
 424 
 425 
 426 

Supplemental Figure 2 - Time to answer questions vs. score per question for 20 secs (left) and 427 
30 secs (right) when students took the Kahoot! games individually.  428 
 429 


