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Purpose: Team-based learning (TBL) is an interactive instructional strategy designed to enhance student engagement. Few studies 
reported that TBL needs to be more interactive, concerns were raised regarding the insufficient instructor feedback, and students feel 
that TBL gets less attractive with time. One method of boosting students’ interaction and performance is adding an element of 
challenge or positive stress. Therefore, we hypothesized that inserting an erroneous answer in the answer key would generate an 
observable improvement in the selected outcomes in terms of better satisfaction, interaction, interest in learning, better academic 
performance, and better development of competencies compared to traditional TBL.
Methods: This randomized controlled trial aimed to determine if inserting an erroneous element in the answer key of a grouped team 
readiness assurance test (GRAT) would update TBL and whether this intervention would enhance students’ performance and 
satisfaction.
Results: A total of 55 medical students were recruited (88.7% response rate). Erroneous elements were inserted in the answer key of 
the experimental group and students enrolled in traditional TBL were considered as controls. Compared to the control group (p < 
0.001), the experimental group revealed significantly higher academic performances in GRAT and team evaluation test (TET). 
Analysis of students’ perception of the implemented TBL revealed better perception among the experimental group (33.7 ± 6.4) 
than the control group (30.1 ± 7.0). Moreover, significantly higher team dynamics were reported among the experimental group than 
the control group (33.0 ± 6.3 and 27.8 ± 7.6 for both groups, respectively; p = 0.005). The reported advantages were in-depth 
understanding, easier information retrieval, and development of problem-solving skills. Students considered time and effort as their 
main limitations.
Conclusion: Adding a few erroneous answers in the GRAT is well perceived by students, enhances their learning competencies and 
overcomes some TBL challenges.
Keywords: learning environment, motivation, instructional design, student’s interaction, academic performance, team-based learning

Introduction
Team-Based Learning (TBL) is a learner-centered interactive instructional strategy designed to enhance students’ 
engagement and interaction.1 It was originally invented and introduced in higher education in the late 1970s. It is 
grounded on the constructivist learning theory in which students develop new personal mental frameworks built upon 
previous knowledge.2 TBL promotes the development of students’ competencies, including self-directed learning, critical 
thinking, analysis, and application, besides team collaboration and interpersonal skills.3
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TBL is an instructional design that is planned to be carried out over multiple stages. TBL starts with pre-class 
students’ preparation, implements individual and grouped team readiness assurance tests, and ends up with the evaluation 
and application of the course concepts.1,4

The Individual Readiness Assurance Test (IRAT) is the first step in which students are requested to solve a prepared 
list of Multiple-Choice Questions (MCQs) individually. After that, students are distributed into small teams and solve the 
same set of MCQs through group discussion until they reach a consensus conclusion and this represents the Grouped 
Team Readiness Assurance Test (GRAT).5

Although TBL was first introduced in business courses, its implementation extended to various educational settings, 
including medical education.6 TBL implementation in basic, clinical, and integrated undergraduate medical curricula has 
increased exponentially during the last few decades.7,8 Many studies reported the positive impact of TBL in medical 
education.1,4 The reported effects varied among studies, from being better to being as effective as the traditional 
instructional designs to achieving the desired learning outcome.1

On the other side, Yang et al reported that traditional TBL, compared to lecture-based learning, is not efficient in 
attaining the desired learning outcomes in students with poor self-directed learning abilities, and in the acquisition of 
deep and comprehensive knowledge, with no significant higher achievement of students.9 Likewise, few studies reported 
that TBL needs to be more interactive, concerns were raised regarding the insufficient instructor feedback, and students 
feel that TBL gets less attractive with time.4,10 Moreover, standardization of TBL implementation and the requirements 
to repeat it frequently for achieving better outcomes can be challenging. Accordingly, and though TBL is proven to have 
genuine advantages in medical education, more studies are needed to find innovative ways to potentiate its positive 
impacts and decrease the few reported challenges.

Most previous studies in the domain of medical education aimed to evaluate TBL in terms of students’ perception, 
achievement, and performances, and very few studies elaborated on the development of the traditional conceptual 
framework of TBL to boost students’ achievement and competencies and overcome the reported challenges. However, 
these studies had reported positive outcomes compared to traditional TBL.11,12

The reported TBL advantages emerge from the challenging nature of this instructional design. One method of 
boosting students’ interaction and performance is adding an element of challenge or positive stress. Rudland et al 
reported positive correlations between perceived learning and challenges within certain circumstances.13 A challenge is 
defined as “Something that needs skills, energy and or determination to deal with or achieve”.14 Positive challenges are 
eustress, a form of positive emotions that result in better cognitive tasks performance like hypothesis testing.15 Eustress 
was reported to affect the motivation,16 and feeling of enjoying the work.17,18 Among the reported effects were the 
enhancement of cognitive memory functions,19 more motivation, stimulation of excitement, focus enhancement,20 and 
promoted performance.21 Furthermore, eustress increases students’ engagement and sensation of self-efficacy.22

In the current study, the modified TBL was conducted by changing the correct answer keys in a few questions before 
requesting the students to collaborate as teams to solve the GRAT. Students work in teams to solve every question and 
conclude the best answer. Then, they score their answers based on the keys issued by the tutor. Apart from answering the 
questions by choosing a single best answer, students should seek the erroneous keys and make an argument to defend 
their choices and why they specifically thought these keys were erroneous. We expect that modifying the TBL, implying 
the mentioned modification, will generate an observable improvement in students’ collaboration, engagement, and 
interaction which will be reflected as an improvement in their performance at the Team Evaluation Test (TET).

Traditional TBL is grounded in the constructivist theory of education, which is derived from constructivist episte-
mology. This theory states that “knowledge is an autonomous and subjective construction”. The constructivist theory of 
education is the reinforced form of cognitive learning theory. The learner establishes a long-term memory by integrating 
the previous experiences and the new information acquired from the surrounding environment. The TBL fits into this 
theory by adopting its primary four criteria: using a learner-centered approach, enhancing critical thinking and problem- 
solving skills, and including one tutor who manages many students who actively apply the acquired knowledge through 
working in teams.2

In the current study, the idea of modifying the TBL, besides grounding on the constructivist theory, is built on the 
stimulus-response theory. The stimulus-response paradigm states that reward enhances optimum response to a specific 
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stimulus in the learning context. This theory outlined three major elements to enhance the learning: frequency of the used 
stimuli, the delay time between the response and reward, and the continued linkage between the stimulus and the 
reward.23 Modifying TBL by adding more challenging erroneous keys and requesting students to identify these keys 
immediately and defend their choices redirect the students learning mode from dualism, “ideas are either false or true, 
and tutors are always right”, to the multiplicity in which the true and false may change with the context, and the tutors are 
not an absolutely true.24 Elkhamisy and Zidan described adding few erroneous answer-keys to TBL, in the pathology 
course, as well perceived adjustment based on student’s narrative responses.11

Therefore, we hypothesized that inserting an erroneous answer in the answer key would generate an observable 
improvement in the selected outcomes in terms of better satisfaction, interaction, interest in learning, better academic 
performance, and better development of competencies compared to traditional TBL. The current study aimed to answer 
the following questions:

● Does inserting erroneous elements in the GRAT answer key become a good reasonable update to the traditional 
TBL conceptual framework?

● Does inserting erroneous elements in the GRAT answer key enhance students’ performances?
● Does inserting erroneous elements in the GRAT answer key satisfy and is well perceived by students?

Material and Methods
Study Design, Setting, and Sampling
A randomized controlled trial was conducted on fourth-year medical students (Phase III of the six-year Bachelor of 
Medicine and Surgery MBBS Program) from the College of Medicine, Dar Al-Uloom University, between October and 
November, 2021. TBL was applied as an instructional strategy during the clinical toxicology course taught during the 
first semester. The clinical toxicology course (two credit hours) is designed to be carried out over 32 contact hours. TBL 
accounts for 25% weight of formative assessment in the course (eight TBLs). Out of them, four TBLs were re-designed 
to modified TBL sessions.

Using a computerized random digital method, students who participated in the study were randomly distributed into 
two groups: control group (traditional TBL: TBL without erroneous answer key) and experimental group (modified TBL: 
TBL with erroneous answer key). Every student had an equal chance to participate in either group. Blinding was applied 
from the start of TBL until the end. Baseline comparison of the academic performance between groups was performed, 
using IRAT, to determine the extent to which the randomization process produced homogeneous groups in terms of 
relevant background variables.

Random sampling was used in which all consenting students were considered eligible to participate in either group. 
Sixty-two students are registered in the fourth year. Out of them, two students withdrawn, and the other five students 
were absent during the TBL sessions, so that, they were excluded from the current study. A total of 55 students were 
enrolled. Out of them, 25 students were in the experimental group (five teams) and 30 students (six teams) constituted the 
control group. TBL sessions for both groups were conducted in a separate class for each group.

Ethical Considerations
The current study was conducted after obtaining ethical approval from the Institutional Review Board, College of 
Medicine, Dar Al-Uloom University (approval number Pro21110001). Responses of all students were handled anon-
ymously according to the principles of the Declaration of Helsinki, 1964, and its later amendments.25 Participants were 
briefed regarding the objectives and phases of the study, and each of them provided their written informed consent prior 
to participating in the study. The informed consent included an agreeing statement for publication of anonymized quotes.

Piloting
Before commencing data collection, a pilot study enrolled 20 participants from fourth-year medical students was carried 
out. The pilot study aimed to ensure 1) Is sufficient time available in the course for students to work both in class and out 
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of class to evolve into a cohesive team? 2) Is the teaching faculty prepared to deviate from the traditional TBL-based 
strategy? 3) Is there administrative “higher ups” support to champion the adopted strategy? 4) Are appropriate session 
objectives, reading assignments and “content specific learning topics” were created? 5) Are there any potential obstacles 
or problems that might arise during the work? 6) Is the adopted survey adequate and well prepared?

Feedback from the pilot study showed that students and faculties are well prepared for the modified TBL. A reading 
guide consisting of different questions sent to the students with the learning material will facilitate students’ focus on the 
essential concepts. Moreover, the time allocated for GRAT and searching the erroneous key was reduced from 30 minutes 
to 20. Students need ten minutes to complete the survey. Pilot results were excluded from the final results based on the 
conducted modifications.

Intervention (The modified TBL Method)
The current study was conducted according to the TBL guidelines established by team-based learning collaboration as 
shown in Figure 1.26 One week before the planned sessions, the students and faculties were invited to a workshop. 
During the workshop, they were briefed on the TBL technique and its rationales. Videos were displayed during the 
workshop to clarify any ambiguities and misconceptions. The TBL conceptual framework was carried out in the 
following steps:27

Team Building
Students were randomly classified into 11 teams of 5 students. Though literature supported that the instructor should 
select the teams to ensure uniform distribution of students,28 neither students nor instructors were involved in team 
selection to avoid selection bias. Teams were permanent to allow better team cohesion. Students were required to 
introduce themselves to their colleagues so that they could familiarize with other team members. This process helped 
create diverse teams and ensure proper team dynamics.

Figure 1 Conceptual framework of modified team-based learning (TBL) method.
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Preview and Pre-Class Preparation Stage
Learning material and foundational knowledge were sent to students along with self-directed learning materials one week 
before the session. Teaching materials were adopted from textbooks that were approved as learning resources in the 
course specification, including Poisoning and Drug Overdose by Olson et al, and Lippincott’s Manual of Toxicology.29,30 

Reading guide, which is a series of questions the students have to answer, was sent for the students to help them 
identifying the important concepts in the learning material. At this stage, the MCQs used for readiness assurance process 
were designed by a content expert, then re-evaluated by two faculties experienced in assessment tools, of the same 
discipline specialty, and proper adjustments were done according to their feedbacks. Questions were typically targeting 
different levels of Bloom’s Taxonomy.

Individual Readiness Assurance Test
IRAT was conducted for the first 10 minutes where each participant student was requested to access the exam link 
(through Google forms) and solve a list of 11 MCQs, with 4 distractors for each question, individually. Students could 
not see their grades after submitting their responses.

Grouped Team Readiness Assurance Test
The GRAT was conducted for 20 minutes, and every team was requested to solve the exact same list of MCQs used in 
IRAT. Group discussions were essential for reaching a consensus on answers to the MCQs. Model key-answer bubble 
sheets were distributed to all teams where all distractors were covered with bubbles and students of both groups were 
requested to scratch off the bubbles to check whether their answers were correct or not. In case they find the proper 
answer different from their selected answer, they should discuss the question again until agreeing on a new answer. Then, 
they should uncover the bubble next to their newly selected answer to check if this is the true answer or not. This process 
continues for each question until the team finds that their answer is the true one under the bubble. Teams have to attempt 
to solve all questions.

Searching for Erroneous Key Answers
Of 11 key-answer sheets, 5 sheets included 1 erroneously answered question in each, thereby maintaining the same set of 
distractors but altering the key. The five teams of the experimental group were additionally required to identify the 
question with the erroneous key, select the correct answer for this question from the same list of distractors, and prepare 
their arguments11 (Figure 2).

By the end of this step, all teams of both groups got immediate feedback through reaching the correct answers to all 
questions. Additionally, teams of the experimental group nominated the question with the erroneous key. Bubble sheets 
were collected for grading. The question with the erroneous key was excluded for both groups and no extra points were 
counted for experimental group teams to identify the erroneous answer in the GRAT key and explain their rationale to 
avoid bias in comparing groups.

At the time the students in the experimental group were searching for the erroneous key and preparing their 
arguments, students in the control group started preparing their arguments and appeals in choosing incorrect answers, 
and if that was due to vagueness of the question or in readings. All teams, in both groups, were requested to write their 
appeals and to provide evidence for those appeals from the reading material.

Intergroup Discussion and Appeal
The teams were united and started to present their works. Students’ arguments about the questions and/or the answers 
were presented at this stage. Students of both groups were allowed to present any arguments they wished to. Students of 
the experimental group presented arguments related to the question with the erroneous key also. The instructor focused 
on problematic concepts and discussed them thoroughly. Twenty minutes were assigned for this stage.
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Teams’ Evaluation Test
This session started with the distribution of a scenario-based problem with a high difficulty level for every team. Students 
were previously informed about the nature of the task and the time allocated for it. Team members were provided 30 
minutes to analyze and engage in intragroup discussions to solve the problem; responses of the teams were collected for 
grading after the class. During this stage, students’ intragroup discussions were followed by intergroup discussions that 
were facilitated by the instructor.

Reflection and Peer Evaluation
After the TET session, every student was requested to evaluate the other team members’ performance relative to 
themselves. Anonymized peer evaluations were collected by the instructor, who send each student his/her rating and 
any comments. Ten minutes were allocated for the feedback where the instructor summarizes the learning objectives and 
evaluates teams’ performances. Students were provided with constructive feedback based on their performance as teams. 
Furthermore, the instructor provided recommendations regarding the team dynamics and performances.

Data Collection Instruments
Grading
In four TBL sessions (IRAT + GRAT + TET), students were scored considering the average of three tests, each of which 
was blindly graded out of 10.

Figure 2 Grouped team readiness assurance test (GRAT) of modified team-based learning (TBL). In the step of GRAT of modified TBL, the students in the experimental 
group did two tasks: solving the MCQs set as a team and going through a discussion that should end up with extracting one question with an erroneous key. To do that, 
students should defend their choice and convince each other with that question. When reaching an agreement, students should propose the ideal answer and prepare a 
written agreement justifying their choice. Then teams are joined to answer all questions and represent their arguments. Taking a look at the bubble sheet depicts that the 
students in all teams solve the same MCQs with the same set of four distractors. Every team in the experimental group had only one question containing the wrong key. In 
this example, question number four was wrongly answered with option B. Compared with the control answer key, the appropriate answer is D. Inspecting the answer sheet 
of both teams alleviates that student answered some questions from the first trials while they could answer some other questions after two or three trials. The question 
number 4 was excluded from grading for both groups and no extra points were counted for it.
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Survey (Quantitative Responses)
After the reflection and peer evaluation stage, students were given ten minutes to complete an online survey; the link was 
sent on Google forms. A structured self-administrated survey consisted of three sections was adopted. Each section was 
scored individually as follows:

(a) The first section comprises five items addressing the students’ satisfaction with TBL and average difficulty of 
TBL. The first subsection evaluates students’ satisfaction with TBL in its current form and the traditional lectures. 
On a five-point Likert scale, the responses ranged from extremely satisfactory, satisfactory, neutral, unsatisfactory, 
to extremely unsatisfactory. In the second subsection, students were requested to evaluate TBL teaching materials 
and assessment tools’ difficulty level. The pre-session learning materials—IRAT, GRAT, and TET—were graded 
by students as extremely difficult, difficult, medium, easy, or extremely easy. Then the total difficulty was 
calculated as the average of all scorings (out of five). Cronbach’s alpha calculated for the first section was 0.80.

(b) The second section evaluates students’ perception of the TBL in its current form (with and without inserting an 
erroneous element in the answer key of GRAT). This section consists of nine items with each item’s score (1–5) 
where five is the best and 1 is the least score. Only item number 7 “TBL, in its current form, increased my 
workload” was scored negatively. The total TBL perception was counted as the sum of each item score where 45 
is the best score and 9 is the least score. Questions examining students’ perceptions of TBL include whether they 
prefer TBL to traditional lectures, whether TBL encourages interesting learning, whether TBL enhances self- 
directed learning (SDL), whether TBL increases analysis and problem-solving skills, whether TBL promotes 
communication skills, and whether TBL is better organized and aids understanding compared to traditional 
lectures. Students were asked whether they prefer having access to an electronic device for information during 
TBL. Responses were scored on a Likert scale; the responses ranged from strongly agree, agree, neutral, disagree, 
to strongly disagree. Students were asked if the TBL increased their workload and if they would recommend using 
TBL, in its current form, in other courses. Classification into good, fair, and poor was based on Bloom’s cutoff 
categories.31 Cronbach’s alpha calculated for the second section equals 0.81.

(c) The third section evaluates TBL in terms of team dynamics. This section comprises eight items with scores 
ranging from 1 to 5 with 5 being the highest and 1 being the lowest. The total score is the sum of scores of all 
items with 40 being the highest and 8 being the lowest. The questions included in this section were as follows: if 
the members were encouraged to share their opinions, if they felt it is better to work within a team than to work 
individually, if they felt they belonged to the right team, if the team actively provoked different viewpoints before 
deciding on the final answer, if all team members had significantly participated in group discussions, if different 
viewpoints were respected by different team members, if all team members were attentive during group discus-
sions, and if students assumed that other students went through the readings prior to the session. Classification 
into good, fair, and poor was based on Bloom’s cutoff categories.31 Cronbach’s alpha for this section was 0.85. 
The overall reliability of the adopted quantitative survey (including all sections) was estimated, and the total 
Cronbach’s Alpha was 0.82.

Qualitative Responses
In the next step, the online narrative feedback of students enrolled in the modified TBL was collected after analyzing the 
collected data (one week after) to better understand students’ perceptions about the modified TBL. Using online Google 
forms, students were asked to describe their experience and state the advantages, disadvantages, and recommendations to 
improve TBL in its modified form.

Power Analysis
A statistical power analysis was performed after sample size estimation, based on data from the current study (N = 55), 
comparing the experimental group to controls. The Effect Size (ES) for GRAT and TET in this study was 1.31 and 3.98, 
respectively, considered to be large using Cohen’s (1988) criteria, with an alpha = 0.05 and sample size = 25 in 
experimental and 30 in controls, a post-hoc power analysis was conducted with these effect sizes (G Power 3.1) and it 
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was approximately (1-ᵦ) = 0.997 and 1.0, respectively.32 Thus, the power analysis for a sample size of 55 was adequate 
for the main objective of this study.

Data Analysis
Quantitative responses of students were analyzed using IBM® SPSS® Statistics version 28 software (IBM Corp., Armonk, 
NY, USA). Data were expressed as the mean ± standard deviation for quantitative variables and as frequencies (%) for 
categorical variables. Linear Numeric Response Format was applied. A key phrase “Very unsatisfactory” was at one end 
and at the other end was “Very satisfactory” or “Strongly disagree” and “Strongly agree”. Anchors were provided only at the 
extremes and no anchors for the middle points. Then the questions were grouped up; hence aggregates of rating scales could 
be analyzed as continuous data.33 All tests were conducted using a two-sided significance level of 0.05. Normality tests 
were conducted, the independent t-test was used for normally distributed quantitative variables, and the Mann–Whitney 
U-test was performed for data with skewed distributions. The effect size (Cohen’s d) was calculated. The two-way repeated- 
measures analysis of variance (ANOVA) was performed for the two groups (time-condition interaction). The two groups as 
a between-subject factor (group) and the three interval measurements as the within-subject factor (time) were considered.

Qualitative narrative responses of students were analyzed iteratively using an inductive approach and thematic 
analysis. Responses were analyzed until the saturation point was reached (no new themes emerged).34 Two investigators 
conducted three cycles of coding.

Rigor
Reliability
The major themes were continuously extracted until no new themes emerged to confirm the validity of the current study, 
especially the qualitative data analysis. Responses were extracted and categorized under three major themes: advantages, 
limitations/disadvantages, and recommendations. For each theme, underlying categories were identified along with their 
corresponding codes and quotations from students’ responses.

Responses were obtained and blindly coded by two independent investigators. A coding book was developed where 
the agreed definitions and inclusion and exclusion criteria were documented. The interrater error was calculated using the 
formula “Interrater reliability = number of agreed codes/number of agreed codes + number of disagreed codes”.35 Out of 
21 codes, 14 codes were agreed with an overall good reliability of 0.7.

Validity
We adopted the following strategies to confirm the validity of the conducted study:

(i) Students were randomly assigned to groups and teams; scores were calculated blindly, and data analysis was 
conducted without group nominations.

(ii) Triangulation of investigators (Two investigators [AS] and [FE] conducted the data extraction).
(iii) All student responses were analyzed continuously.
(iv) All components of the learning environment, including learning resources, assessment tools, instructors, class-

rooms, and timing of the TBL, were shared between the two groups.

Results
Fifty-five out of 62 students participated in this study, which implies that the response rate was 88.7%. Besides two 
students who withdrew, the other five excluded students were absent in one or more sessions. Among the total study 
participants, 30 (54.5%) were females and 25 (45.5%) were males. The mean age of study participants was 21 ± 0.6 
years, and there was no significant difference in the mean age between males and females.

As shown in Table 1, both groups revealed scores that increased as the TBL stages advanced, with the lowest scores 
recorded in IRAT; the scores increased in GRAT and reached the maximum in TET. Both groups showed similar means 
of IRAT scores (4.3 ± 2.2 for the experimental group versus 4.5 ± 2.3 for the control group) with no significant 
differences between the two mean scores.
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Alternatively, the experimental group demonstrated considerably higher scores in GRAT and TET exams, in addition 
to the three tests’ combined average (p < 0.001). The difference in scores was particularly obvious in the TET where the 
mean score of the study group was 9.6 ± 0.6 compared to 7.0 ± 0.7 in the control group. Moreover, the two-way ANOVA 
revealed that the difference between the two groups was statistically significant, as indicated by the effect of the 
experiment, using the between-subject factor [F(1.08, 52.27) = 133.08, p < 0.001, η2 = 0.715)]. The interaction between 
tests and groups seemed to be linear [F(1, 53) = 21.76, p < 0.001, η2 = 0.769]. The main effect of the experiment on 
scores across tests was statistically significant [F (1, 53) = 17.49, p < 0.001, η2 = 0.248] (Figure 3).

As shown in Table 2, both study groups considered learning materials, RAT, and TET at similar difficulty levels (from 
medium to difficult) with no significant difference observed between the groups (p > 0.05). Similarly, both groups rated 
the TBL in its current form (modified and original) as more satisfactory than traditional lectures. Students in the 
experimental group revealed higher levels of satisfaction with TBL (mean score = 4.2 ± 1.2) compared to those in the 
control group (mean score = 4.0 ± 1.0). However, this difference was not statistically significant (p = 0.581).

Table 1 Distribution of the Studied Groups Regarding Individual Readiness Assurance Test (IRAT), Grouped Team Readiness 
Assurance Test (GRAT) and Team Evaluation Test (TET)

Students Performance Experimental  
(No.=25) 
(Mean ±SD)

Controls (No.=30) 
(Mean ±SD)

Effect Size (95% CI) Test of Sig P value

● Individual Readiness Assurance 
Test (out of 10)

4.3±2.2 4.5±2.3 −0.06 [(−0.59)-(0.46)] 0.38 0.701

● Grouped Team Readiness 
Assurance Test (out of 10)

6.9±0.5 6.1±0.7 1.18 [0.60–1.76] 4.39 <0.001*

● Team Evaluation Test (Out of 10) 9.6±0.6 7.0±0.7 4.13 [3.17–5.07] 15.25 <0.001*

● Total average evaluation of the three 
tests (Out of 10)

6.9±0.8 5.9±1.0 1.13 [(0.55)-(1.70)] 4.18 <0.001*

Note: *: significant.

Figure 3 Individual Readiness Assurance Test, Grouped Team Readiness Assurance Test and Team Evaluation Test over the studied participants.
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Table 3 highlights students’ perception of TBL in both groups. Participants in the experimental group revealed an 
overall better perception of TBL than those in the control group (mean score = 33.7 ± 6.4 versus 30.1 ± 7.0, respectively) 
(p = 0.060). Approximately half of the students (48%) who underwent a modified TBL exhibited a good perception 
compared to 26.7% of students who enrolled in the original TBL. Students considered the modified TBL to be more 
interest-stimulating (4.3 ± 0.7) than the original TBL (3.7 ± 1.1; p = 0.023). Moreover, students considered modified TBL 
as being capable of enhancing their abilities to SDL (4.1 ± 1.0) more than the original TBL (3.5 ± 1.1; p = 0.033). 
Students in the experimental group perceived the modified TBL as more supportive toward enhancing their commu-
nication skills (4.2 ± 1.1) as compared to their colleagues in the control group (3.6 ± 1.2; p = 0.048). Students exposed to 

Table 2 Distribution of the Studied Groups Regarding Satisfaction and Difficulty of Team-Based Learning (Original and Modified TBL)

Student’s Satisfaction with TBL and TBL 
Difficulty Level

Experimental  
(No.=25) 
(Mean ±SD)

Controls  
(No.=30) 
(Mean ±SD)

Effect Size (95% CI) Test of Sig P value

● Rate traditional lectures according to 
your satisfaction

3.6±1.2 3.6±1.1 – – –

● Rate TBL, in its current form, according 
to your satisfaction

4.2±1.2 4.0±1.0 −0.15 [(−0.38) -(0.68)] 0.55 0.581

● How you found the difficulty of the 
learning material

2.8±0.8 3.0±0.9 −0.26 [(−0.79-(0.27)] 0.96 0.338

● How you found the difficulty of the indi-
vidual test?

3.3±0.9 3.2±0.9 0.09 [(−0.43) -(0.62)] 0.34 0.729

● How you found the difficulty of the case 
at the end of the session?

3.0±0.8 3.2±1.09 −0.12 [(−0.65) -(0.40)] 0.46 0.646

● Total difficulty 3.05±0.7 3.1±0.9 −0.11 [(−0.64) -(0.41)] 0.43 0.668

Table 3 Distribution of the Studied Groups Regarding Perception of Team-Based Learning (Original and Modified TBL)

Students’ Perception of TBL Experimental 
(No.=25)  
(Mean ±SD)

Controls 
(No.=30)  
(Mean ±SD)

Effect Size  
(95% CI)

Test of Sig P value

● I prefer TBL, in its current form, compared to the  
traditional theoretical lecture

3.9±1.2 3.5±1.0 0.33 [(−0.19-(0.87)] 1.24 0.217

● TBL, in its current form, stimulates interest in learning 4.3±0.7 3.7±1.1 0.63 [0.08–1.17] 2.34 0.023*

● TBL, in its current form, enhances my ability to self-directed 
learning when I studied the learning material before the session

4.1±1.0 3.5±1.1 0.59 [0.04–1.13] 2.18 0.033*

● TBL, in its current form, increased my ability to analyze and 
solve skills

4.2±0.9 3.8±1.2 0.41 [(−0.12)-(0.95)] 1.53 0.130

● TBL, in its current form, promotes my communication skills 4.2±1.1 3.6±1.2 0.54 [0.004–1.08] 2.02 0.048*

● I feel learning using TBL, in its current form, is more organized 
and helps easier understanding than traditional lecture

3.9±1.3 3.3±1.2 0.46 [(−0.07) -(1.0)] 1.71 0.093

● TBL, in its current form, increased my workload 2.4±1.2 2.3±1.1 0.05 [(−0.47)-0.58] 0.20 0.839

● I recommend implementing TBL, in its current form, in other 
courses

2.8±0.8 2.9±0.9 −0.06 [(−0.59)-(0.46)] 0.23 0.813

● I would have liked access to an electronic device for 
information.

3.7±1.0 3.4±1.1 0.27 [−0.26) -(0.80] 1.0 0.321

Total TBL Perception (out of 45) 33.7±6.4 30.1±7.0 0.53 [(−0.01) -(1.08)] 1.92 0.060

● Good (no, %) 12 48.0 8 26.7 - 4.33 0.115

● Fair 10 40.0 12 40.0

● Poor 3 12.0 10 33.3

Note: *: significant.
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modified TBL had a better perception of other items than those enrolled in original TBL, such as improving students’ 
analytical and problem-solving skills and aiding in easier understanding, although these differences did not reach 
statistical significance. Students in both groups considered TBL to increase their workloads in a similar manner and 
recommended the implementation of TBL in other courses.

Team dynamics are displayed in Table 4. Students in the experimental group revealed significantly higher total team 
dynamics scores (33.0 ± 6.3) than those in the control group (27.8 ± 7.6; p = 0.005). Most students who underwent modified 
TBL (68%) demonstrated good team dynamics compared to 36.7% of students who enrolled in original TBL. All items of 
the survey were scored higher in the experimental group than in the control group. However, significantly better dynamics 
were reported in the experimental group than in the control group for a few items. These items included students’ belief in 
performing well within a team than working individually (3.9 ± 1.1 for the experimental group versus 3.3 ± 1.1 for the 
control group, p = 0.017), the team actively eliciting multiple viewpoints before deciding on a final answer (4.2 ± 0.9 for the 
experimental group versus 3.5 ± 1.1 for the control group, p = 0.035), and efforts of team members to participate in 
discussions (4.2 ± 0.8 for the experimental group versus 3.5 ± 1.1 for the control group, p = 0.018). Other items that scored 
significantly higher in the experimental group than in the control group were as follows: consideration of varied viewpoints 
of team members (p < 0.001) and consistency in paying attention during group discussions (p = 0.007).

Regarding the narrative students’ perceptions about the modified TBL, testing the inter-reliability of the obtained 
responses among seven randomly chosen responses (28% of qualitative responses) revealed adequate agreements with a 
good overall reliability score of 0.8 (Table 5).

Descriptions and definitions of students’ responses along with some quotes are shown in Table S1. Three major 
themes have emerged from analyzing narrative students’ responses, in terms of advantages and disadvantages of the 
modified TBL, besides the recommendations to improve the modified TBL. The themes with subsequent categories and 
codes were listed as follows:

Table 4 Distribution of the Studied Groups Regarding Student’s Dynamics During Conduction of Team-Based Learning (TBL)

TBL Team Dynamics Experimental 
(No.=25) 
(Mean ±SD)

Controls 
(No.=30) 
(Mean ±SD)

Effect Size (95% CI) Test 
of Sig

P 
value

● Team members encouraged one another to express 
their opinions

4.2±1.0 3.8±1.0 0.37 [(−0.16) -(0.90)] 1.37 0.174

● I feel it is better to work with a team than working 
individually

3.9±1.1 3.3±1.1 0.66 [(0.12) -(1.21)] 2.47 0.017*

● I feel that I worked with the right team 4.2±0.9 3.6±1.2 0.47 [(−0.07) -(1.0)] 1.73 0.088
● My team actively elicited multiple points of view 

before deciding on a final answer.
4.2±0.9 3.5±1.1 0.58 [(0.04) -(1.12)] 2.16 0.035*

● All team members made an effort to participate in 
discussion.

4.2±0.8 3.5±1.1 0.66 [(0.11) -(1.20)] 2.44 0.018*

● Different points of view were respected by team 
members

4.3±0.8 3.4±1.1 0.91 [0.35–1.46] 3.41 <0.001*

● All team members consistently paid attention dur-
ing group discussions

4.2±1.0 3.4±1.1 0.75 [(0.20) -(1.30)] 2.78 0.007*

● Students did read the readings prior to session 3.8±0.9 3.4±1.1 0.34 [−0.19) -(0.88] 1.27 0.206

Total dynamics (out of 40) 33.0±6.3 27.8±7.6 0.73 [0.17) -(1.27)] 2.69 0.005*

● Good (no, %) 17 68.0 11 36.7 - 5.95 0.064

● Fair 6 24.0 11 36.7
● Poor 2 8.0 8 26.7

Note: *: significant.
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Theme 1. The Modified TBL Has Diverse Advantages from Students’ Perspectives
1. The modified TBL improved students’ knowledge and cognition in terms of increased focus on subject details, in- 

depth understanding, and longer retention with easier information retrieval.
2. The modified TBL enhanced students’ intellectual skills, including problem-solving and critical thinking, and 

allowed better use of higher cognitive functions.
3. The modified TBL allowed students to upgrade their general transferrable skills, including teamwork, time- 

management, leadership and self-reflection.
4. The modified TBL positively influenced students’ values and attitudes. They described a state of interaction with 

better engagement, fun and interesting, socializing, motivating, more thrilling, challenging and competitive, more 
confident and self-efficient, not boring, and receiving constructive feedback.

One sound said, “I had to focus on the details of each question and the distractors presented to discover where the 
erroneous answer is”. Another sound mentioned “I can remember the lecture more easily after the discussion with the 
instructor about potential erroneous answers of the key”. Sound 1 said “We analyzed the new case and evaluated the 
information present in it in a better light of what we learnt deeply during the previous steps”, Sound 17 mentioned “It is 
interesting, and I didn’t feel bored easily” Sound 18 said “I can remember the lecture more easily after the discussion 
with the instructor about potential erroneous answers of the key”.

Theme 2. The Modified TBL Encountered a Few Disadvantages/Limitations from 
Students’ Perspectives

1. Some teamwork dynamics were negatively perceived including Unresponsive passive team members and 
Dominant behavior of some members.

2. Limited time and high efforts were the leading limitations for the modified TBL

Students stated, “Some of the team members were not cooperative, they were mere observers to our discussions”, “Time 
allocated for the discussion was insufficient”, and “It needed too much effort.”

Theme 3. Students’ Recommendations to Improve the Modified TBL
1. Students recommended intrateam and inter-team cooperation and interaction to improve teamwork dynamics.
2. Students recommended the use of electronic clickers and extension of duration for the modified TBL.
3. Students recommended receiving personalized feedback.

Table 5 Inter-Rater Reliability Among Randomly Chosen Sample of Studied Participants (n = 7)

Participant 
ID

Investigator I Investigator II

Number of 
Extracted 
Codes

Lines Number of 
Extracted 
Codes

Lines

S1 3 1–3, 4, 6 2 1–3,6

S9 3 27–29, 30,31 3 27–29, 31, 32

S11 2 35–36,38 2 38, 39
S17 3 50–52, 53, 55 2 50–51, 55

S20 3 62, 63, 64 2 62, 64

S22 2 66–67, 68 2 66–67, 68
S24 3 71–73, 74, 75–76 3 71–73, 74, 75–77

Notes: The interrater error was calculated using the formula “Interrater reliability = number of agreed codes/number of 
agreed codes + number of disagreed codes”. Out of 21 codes, 14 codes were agreed, 7 codes were not, with an overall 
good reliability of 0.7.
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4. Students recommended generalization of the modified TBL by allowing for more frequent sessions.

Some Students quotes were: “Some team members need to be more interactive; a strategy should be done to push 
them to have a role in the team in the MCQ & in the cases”, “I recommend exchanging our results with other team results 
and discuss them before announcing them in front of all teams and the tutor”, “I felt we need more time to finish our 
discussion and select our answers confidently”, and “I prefer getting additional feedback for my own responses.”

Discussion
The current study examined how students’ performance and perception of TBL is impacted by modifying the traditional 
TBL by adding an erroneous element in the GRAT answer key. It revealed that this modification is well perceived by 
students and enhances their satisfaction, cognition, skills, attitude, and academic performance.

Few trials using simulated patients aimed to modify the TBL conceptual framework to increase its outcomes.12 

Elkhamisy and Zidan suggested modifying the TBL, as part of the pathology course, by adding erroneous element 
questions that varied 10 times between teams. Their study demonstrated a better perception of the modified TBL, and 
students denied any feeling of confusion because of this modification. However, Elkhamisy and Zidan only assessed the 
student’s perception qualitatively in the basic medical sciences context without assessing students’ performances or using 
a control group.11

The current study demonstrated higher students’ achievement in the GRAT phase compared to the IRAT phase in both 
the control and experimental groups of students. Students learned from one another during their discussions in the GRAT 
phase. This result is consistent with the results of a meta-analysis conducted by Ngoc et al who investigated students’ 
performances in the GRAT phase compared to the IRAT phase.5

Moreover, according to the present study, students’ academic performances are significantly improved by the 
modified TBL compared to the traditional TBL as proved by higher TET results among participants in the experimental 
group despite insignificant variations in the IRAT score between study groups. The positive influence of TBL on 
students’ performances compared to traditional lectures is consistent with Parmelee et al who reported equivalent or 
higher performances due to TBL practicing.1

Based on the control-value theory of achievement emotions, several factors might impact students’ academic 
performances, including the positive and negative emotions toward learning.36,37 Students’ enjoyment of the learning 
process has a positive impact on their academic performances while their finding the learning process boring has a 
negative effect on their academic performances.38 The positive emotional effect is mediated through intrinsic and 
extrinsic motivation. Intrinsic motivation implies building positive emotions in students toward themselves and their 
learning, which becomes autonomous. This state of autonomy motivation can be fostered by activities that are enjoyable 
and challenging to students, enhancing their feeling of curiosity and competence (ie, self-efficacy).39 According to the 
self-determination theory, intrinsic motivation has a higher impact on students’ academic performances.40

Although traditional TBL has been reported to have a relative boosting effect on motivation because it contains 
elements that stimulate positive emotions and motivation in students,41 other studies have reported that students who 
consider traditional TBL become less interested after the first two to three sessions and they recommend that TBL should 
be more interactive.4,10 In this study, the experimental group perceived modified TBL as significantly more interest- 
stimulating compared to the traditional TBL. Furthermore, students considered the modified GRAT step to be fun and 
interesting, socializing, motivating, challenging, and competitive. Students also described their attitudes during inter-
group discussions as being more interactive and fun with better engagement. Students felt more confident and self- 
efficient when they were able to present their arguments against the instructor’s answers and defend their choices. They 
described the search for the erroneous answer key as being more thrilling, and they were more focused and attentive 
during such sessions. All the above-mentioned positive perceptions that accompany the modified TBL promote higher 
states of motivation and positive emotions toward the learning process; hence, it is associated with better performances 
compared to the traditional TBL. Elkhamisy and Zidan reported a similar finding in which most students felt more 
motivated, challenged, and self-efficient in the modified TBL compared to the conventional TBL they used to practice.11
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Another factor that impacts students’ performances is the extent of their cognitive engagement in learning, which is 
the psychological state of putting significant effort to understand the topic at hand that persists over a prolonged period.42 

It can be fostered partially by creating the autonomy-enhancing learning environment mentioned previously.43 The 
traditional TBL was reported to promote variable fluctuating levels of cognitive engagement among students.42 In the 
current study, students who enrolled in the modified TBL in spite of the autonomy-enhancing environment reported 
interesting GRAT with more focus and attention. They also reported greater knowledge acquisition, deeper under-
standing, longer retention with easier information retrieval in the intra-group discussions. A deeper and more detailed 
review of the questions was done in that step. If we considered the significant positive correlation between cognitive 
engagement and performance, we would conclude that the modification carried out in TBL, in the form of adding an 
erroneous key, appears to upgrade students’ performances.42 Similarly, Elkhamisy and Zidan also reported more focus on 
the details of the subject compared to the traditional TBL.11

In the current study, students who enrolled in the modified TBL reported higher abilities to analyze and solve 
problems than those who enrolled in the traditional TBL. Students of the modified TBL experienced higher development 
of their problem-solving and critical thinking skills as advantages of the modified GRAT phase; they had to use these 
skills to evaluate the key given to them to discover the erroneous answer, choose a correct one, and defend it, besides the 
traditional use of these skills in the TET phase. Many studies reported enhanced students’ learning gains and achieve-
ment by incorporating tasks with a high level of cognitive challenge stimulating their higher-order cognitive skills.44 

Cognitive challenges require higher-order thinking skills like analysis, evaluation, problem-solving, and critical thinking 
skills.45,46 Consistent with the results of the current study, Elkhamisy and Zidan reported that their students used critical 
thinking skills more with the modified TBL.11

The current study highlights how students value the well-designed case-based scenarios used in TBL and to what 
extent they foster higher cognitive skills. In medical education, the effective instructional tool should be relevant to future 
practice.47 Considering the variation in TBL task designs, which is reflected in the variable learning effectiveness, there 
is a need to integrate the components of higher-order thinking, including an analysis of a situation, reasoning, and 
reflective critical thinking to come up with a judgment in the TBL design.48

Another advantage of the modified TBL that we identified in the current study is the significantly higher enhancement 
of the students’ SDL abilities. Similarly, literature reported that the traditional TBL significantly enhances students’ SDL 
capabilities and students’ learning satisfaction compared to traditional lectures.49 SDL is a process in which learners play 
a dominant role in their learning process. Learners have control over their learning in terms of initiating it; determining 
their learning needs, goals, and resources; applying suitable learning strategies; and evaluating their learning outcomes.50 

SDL is crucial to the lifelong learning competency that needs to be perfected by medical graduates.51 Moreover, SDL in 
health professions education is associated with a moderate improvement in the knowledge domain and enhanced 
academic performance compared to traditional teaching methods, which is in accordance with the findings of the current 
study.52,53 Medical educators should facilitate the acquisition of the SDL skills by students so they can master the use of 
the SDL process.54

Another critical advantage of the modified TBL identified in the current study is the positive influence of modifying 
TBL on fostering team dynamics. The current study revealed that the modified TBL significantly boosted team dynamics 
compared to the traditional TBL. Students reported higher scores in several items, including team member efforts to 
participate in discussion, expression of multiple viewpoints of team members before arriving at a unanimous decision, 
and improved teamwork. The modified TBL also significantly promoted communication skills of students compared to 
the traditional TBL. This might be due to the challenge offered to students, which propelled them to collaborate and 
engage in discussions to “win over” the instructor. They had to listen to each other and were united by a single common 
vision. Moreover, students in the modified TBL group reportedly developed leadership skills to a higher degree. In 
effective teams, shared leadership, in which members work collectively to facilitate group processes and improve 
performance, is the dominant leadership style.55

The importance of teamwork dynamics is crucial, especially in health-care education. It is involved in the core of the 
professionalism competency.56 The characteristics of great teams include maintaining high energy, ensuring that each 
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team member contributes in an equally brief manner, building interpersonal relationships among team members, and 
improving interactions with other teams.57

Getting all team members to engage in teamwork is one of the challenges in any team-working context.58 Apparently, 
the modified TBL conducted in the current study overcame this challenge to some extent. However, a few students 
reported that some of their team members were not interactive and some portrayed dominant behavior. Students 
recommended more cooperation and interaction between team members. This may be fostered by designing an orienta-
tion on the developmental phases of teamwork and apprising students of the benefits of getting involved in teamwork to 
enhance motivation and engagement.39,58

Though the anchored challenging nature of the traditional TBL presented in the different stages of TBL, the proposed 
TBL modification is assumed to be an extra stimulation of these challenges. Modifying the traditional TBL framework by 
adding erroneous answers in the GRAT and asking students to discover and argue them presents a learning challenge for 
students.11,12

Despite several advantages of the modified TBL elaborated by the current study, there were a few disadvantages 
reported by students who enrolled in it. Hence, more efforts are required, and more time should be allocated to students 
to answer the questions in GRAT. The TET steps were the main reported disadvantages. Nevertheless, most students 
enrolled in the modified TBL recommended the generalization of this instructional design in the clinical toxicology 
course. Students’ tendency to repeat interesting interactive learning activities is not limited to the TBL but extends to 
involve other similar instructional strategies.59,60

Introducing new concepts or change in traditional teaching strategies is challenging and is faced chiefly by significant 
resistance.61 While most of previous studies elaborated on the need for developing traditional teaching strategies, few of 
them outlined clear procedures and steps to do.62 The current study endorsed a novel way to modify the TBL conceptual 
framework, based on theoretical, pedagogical backgrounds. Implementing the proposed modified TBL offers diverse 
positive implications in medical education. Apart from solving the problems of student’s amotivation and boredom while 
exposed to traditional instructional strategies, it offers an environment for creativity and innovation. Moreover, it allows 
better working memory management and increases cognitive brain functions. Involving medical students in a sequence of 
complex learning tasks, individual and grouped tests, and SDL activities, which are available in the proposed modifica-
tion, is promising and substantially enhances all learning domains.63

Strength, Limitations, and Recommendations
The current study endorses a novel instructional design to assess GRAT phase modification of the TBL. It is the first 
study in literature that quantitatively assesses students’ perceptions of the modified TBL and their resultant academic 
performances in medical education. Furthermore, the current study implements the modified TBL in a clinical medical 
science context.

The study’s main limitations stem from the fact that it was limited to one discipline and a single institution. Future 
studies in multiple centers and on larger cohort of students should be conducted. Moreover, comparative studies 
implemented on repeating TBL sessions need to be performed.

Conclusion
Modifying the GRAT phase of the TBL by including a few erroneous answers in the answer keys of GRAT as well as 
asking students to identify, argue, and correct them is an innovative modification in the TBL conceptual framework. It is 
well perceived by students and enhances their learning competencies, including students’ interaction, enjoyment, focus, 
knowledge, and skills. Moreover, the modified TBL is associated with improved academic performances, which might 
overcome some reported TBL challenges and boost the learning outcomes.
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