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Abstract. Background and aim: The COVID-19 pandemic forced many institutions to move Team-Based 
Learning (TBL) to an online format. The primary aim of this study is to examine the performance of under-
graduate nursing students on team Readiness Assurance Test (tRAT) and individual Readiness Assurance Test 
(iRAT) during online TBL. The secondary aims are to evaluate the students’ attitudes and their accountability, 
preferences and satisfaction with online TBL. Methods: The study employed a one-group pretest-posttest 
quasi-experimental design. The primary outcome was evaluated by comparing the students’ average scores in 
the tRAT versus the iRAT in each online TBL session. The secondary outcomes were evaluated through a 
structured questionnaire and the Team-Based Learning Student Assessment Instrument (TBL-SAI). Results: 
A statistically significant improvement was identified between tRAT and iRAT performances in all online 
TBL sessions (p<0.001). Students’ satisfaction with team experience showed a statistically significant increase 
(p=0.003). Participants considered the peer evaluation to be fair (p<0.001), although it didn’t encourage them 
to study more (p=0.028). Finally, students felt they were able to make the right decisions (p<0.001). The mean 
scores for accountability (m=30±3.7) and preferences for TBL (m=51.8±6.3) were higher than their neutral 
values (n=24; n=48). Students’ satisfaction was neutral (m=27.8±5, n=27). Conclusions: In online TBL, team-
work has improved individual performances and has been appreciated by the participants. The online TBL had 
a positive effect on the accountability of students who preferred it to frontal lectures. (www. actabiomedica.it)
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Introduction

In these last years, a new generation of students 
born between 1995 and 2013, called “Generation Z”, 
are entering higher education and the workplace (1). 
Nine main characteristics of Generation Z students 
can be identified in the literature (2) and knowing 
these generational traits can assist nurse educators in 
successfully recruiting, engaging and supporting fu-
ture nurses (1-2). Members of this group are digitally 

native and accustomed to using handheld devices and 
surfing the Internet. Due to constant exposure to tech-
nology, they have underdeveloped social and relation-
ship skills, an increased risk for isolation, anxiety and 
depression and a limited attention span, therefore, they 
tend to get easily bored by repetition. They are also 
pragmatic, individualistic, open-minded, cautious and 
prefer sedentary activism (2).

In education, generation Z students desire in-
dividualised, technologically advanced and visually 
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based learning (1). To meet those needs, nurse edu-
cators should consider replacing the traditional aca-
demic approach dominated by teacher-centred, passive 
teaching-learning strategies with active, student- 
centred approaches (2).

A recent integrative literature review on active 
learning in nursing education has identified several 
different strategies that might be adopted by insti-
tutions for the training of nurses (3). The analysis 
of these methodologies provided some evidence of 
their relevant contribution to nursing education. 
Active learning methodologies require the student 
to actively search for knowledge, integrate theory 
with practice, work in groups and develop critical 
thinking. These peculiarities place the student at 
the centre of the teaching-learning process, favour 
the development of self-confidence, improve com-
munication skills and the awareness of their limi-
tations and needs and implement decision-making 
 competence (3).

Among the recently most used active learning 
methods in nursing education, we can find the Flipped 
Classroom Model (3-4). According to this instruc-
tional strategy, before class, students learn the sub-
ject and then return to class to apply this knowledge 
to real-life and problem-solving scenarios. In a recent 
systematic review by Ozbay et al. (5), the analysis of 
24 studies involving more than 2000 nursing students 
showed that the use of the Flipped Classroom method 
significantly enhanced students’ skill competence and 
increased their motivation and interactions.

Team-based Learning (TBL) is a student-centred 
active teaching method developed by Professor Larry 
Michaelsen in the United States during the 1980s (6). 
Since then, TBL has been used across multiple dis-
ciplines, including nursing and proved to be effective 
in achieving undergraduate nursing students’ learning 
outcomes (7,8). This instructional strategy supports 
the flipped classroom method because students are 
asked to learn the primary course content before class 
and spend class time working in teams to apply that 
content to specific problems (9).

In March 2020, as a result of the COVID-19 
pandemic, many nursing students around the world 
had to witness a sudden transition from conventional 
face-to-face (F2F) TBL to online TBL.

Despite a large amount of literature on F2F TBL, 
little has been written on the online conduct of TBL 
(10). In the last two years, after the COVID-19 ad-
vent, some studies on the application of TBL online 
have been published with the intent to describe how 
the TBL methodology was implemented in a vir-
tual setting and to suggest some facilitation practices 
(11-13). Many advantages and some limitations in 
conducting TBL sessions online have been identified. 
The online TBL is more accessible and flexible and it 
allows to provide highly differentiated study materi-
als and record sessions (10,11). However, there may 
be challenges in monitoring students’ engagement, 
communicating with them, being proficient in the use 
of online platforms and managing connectivity issues 
(10-12,14).

Some studies have investigated different out-
comes associated with the implementation of online 
TBL, such as student perceptions, engagement or sat-
isfaction, through the use of online surveys or struc-
tured feedback forms specifically designed (15,16). 
Only rarely had the instrument undergone some form 
of validation (14).

Aims

The main aim of this study is to examine the per-
formance of students in tRAT and iRAT during online 
TBL. The secondary aims are to evaluate the students’ 
attitudes toward online TBL and their accountabil-
ity, preferences and satisfaction with this educational 
strategy.

Methods

The study employed a one-group pretest-posttest 
quasi-experimental design. A convenience sampling 
of first-year undergraduate nursing students at the 
Nursing Degree of Imola, University of Bologna, Italy, 
was used. They attended nine online TBL sessions in 
the Clinical nursing course from December 2020 to 
March 2021 during the 2020/21 academic year.

An overall of TBL sessions’ topics is listed in 
 Table 1. As this was the students’ first experience of 
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TBL, to familiarize themselves with it, the first TBL 
session concerned the teaching methodology itself (10).

Online Team-Based Learning implementation

In the interest of maintaining the integrity of TBL 
in an online environment, the researchers followed 
the principles described in the latest version of the 
Best Practice guidelines prepared by the Team-Based 
Learning Collaborative (TBLC) (17).

According to these guidelines, orientation, readi-
ness assurance process, application exercises and peer 
evaluation represent critical components that must be 
handled also in an online learning context.

Team formulation is a key component of online 
TBL orientation: students should be assigned to teams 
using a process that ensures that each team has as much 
diversity as possible (eg. background knowledge, gen-
der mix…) (5). In our study, the grade achieved at the 
University admission test was used to distribute the stu-
dents across 12 different groups of 5-6 students each. 
Furthermore, to enhance team dynamics, continuity of 
learning and cohesiveness of teams, students remained 
in the same group through the entire first year. It al-
lowed students to develop working relationships with 
teammates and learn interpersonal skills that they can 
use when working in teams in a clinical setting.

To mimic the TBL methodology in an online 
setting two platforms were used. The first platform 
is  Microsoft Teams® and it was used to create vir-
tual classes and communicate synchronously with 
students. The second platform is a Moodle Learning 

Management System (LMS), already in use at the Uni-
versity of Bologna as a storage platform for learning 
resources. A TBL facilitator has always been present 
during the TBL sessions to support the content expert.

The structured format of online TBL imple-
mented in this study is described below.

Pre-class preparation - (1-2 hours)

At least a week prior to the TBL session, students 
were given the learning outcomes and pre-assigned 
teaching materials, including slides, readings or videos, 
to be reviewed in their own time. These materials were 
uploaded to the LMS platform.

Individual readiness assurance test (iRAT) - (10 minutes)

At the beginning of each online TBL session, the 
instructors iterated the TBL learning outcomes and 
then announced the start of the iRAT.

Online iRAT was administered through the ac-
tivity “Quiz” on the Moodle LMS platform. The test 
was composed of 10/12 cognitive multiple-choice 
questions (MCQs) to verify their understanding of 
the principal concepts reviewed before class. Stu-
dents were not given the right answers because, in a 
minute, divided into teams and breakout rooms, they 
had to answer the same set of questions through a 
consensus-building discussion. This is the Team Read-
iness Assurance test (tRAT). 

Team readiness assurance test (tRAT) - (20 minutes)

Within each breakout room, the group identified 
a spokesperson that was commissioned to fill in the 
tRAT quiz, share his/her screen and submit answers 
agreed within the group. After a defined timing the 
open attempts were submitted automatically.

To mimic the IF-AT cards used in F2F TBL, we 
used the feedback option “Interactive with multiple 
tries”: it allows multiple attempts on the same question 
with a grade penalty. Students answered the question and 
clicked the ‘Check’ button. If the answer was correct they 
received positive feedback and achieved full grade. If the 
answer was wrong, the students could click the ‘Try again’ 
button to try a new response. Since the multiple-choice 

Table 1. Topics of the online TBL sessions.

n TBL topic

1 Team-based learning teaching strategy

2 The concept of health and its determinants

3 Nursing responsibility

4 Fall assessment and prevention

5 Activities of daily living

6 Acute mental confusion

7 Oxygen therapy

8 Catheter-associated urinary tract infections

9 Catheter-related bloodstream infections
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to each of the teammates based on their contribution 
during TBL.

Survey instruments

The students’ attitudes towards TBL, before and 
after the training intervention, were measured through 
the anonymous questionnaire designed by Parmelee et 
al. in 2009 (18). The questionnaire consists of 19 state-
ments with a five-point Likert-type response format 
ranging from Strongly disagree (= 1) to Strongly agree 
(= 5). This instrument presents 5 categories: Overall 
Satisfaction with Team Experience, Team Impact on 
Quality of Learning, Satisfaction with Peer Evalua-
tion, Team Impact on Clinical Reasoning Ability, and 
Professional Development.

In addition to this, only after the training inter-
vention, students’ accountability, preferences and sat-
isfaction with TBL were collected through the Team 
Based Learning Student Assessment Instrument 
(TBL-SAI) (19).

The TBL-SAI represents a valuable tool for meas-
uring students’ attitudes towards the TBL methodol-
ogy. It is a self-administered questionnaire consisting 
of 33 items (with a total score ranging from 33 to 165) 
with a 5-point Likert scale that is scored from 1 to 5 (1 
= strongly disagree, 2 = disagree, 3 = neutral, 4 = agree 
and 5 =strongly agree). For the reversed items, interval 
scoring is from 5 to 1.

The TBL-SAI consists of three subscales: ac-
countability (items 1 to 8), preference for lectures ver-
sus TBL (items 9 to 24) and student satisfaction (items 
25-33).

A higher total instrument score indicates a more 
positive experience regarding TBL (19). The positive 
perception of the use of TBL is attested by a score 
higher than 99 for the total score, > 24 for the ac-
countability subscale, > 48 for the preference for 
lecture versus TBL and > 27 for the student satis-
faction subscale. Permission to use this copyrighted 
instrument and to publish some selected items in 
this article were granted by the author herself, Heidi 
Mennenga.

Both questionnaires were translated into Italian 
and administered online; participants’ anonymity was 
guaranteed.

questions had four possible answers, students could try 
again three times. Once the students had got the question 
wrong three times, they were just graded wrong with 0 
points and advanced to the next question.

As it happens in the F2F TBL, the point allo-
cation served as a motivator to students and allowed 
the facilitator to track attempts required to answer the 
question correctly by each group.

Instructor clarification review - (15 minutes)

After the tRAT, data from the quizzes were gath-
ered instantaneously through the informatic system 
and analyzed in order to give immediate feedback and 
clarification. The content expert discussed challeng-
ing tRAT questions and answered student-generated 
questions that peers could not answer, before moving 
to the Team Application phase.

Team application (tAPP) (25 minutes)  
and class discussion (30 minutes)

Students were sent back to their breakout rooms 
to complete the Team application exercise in which 
they were presented with a realistic scenario and chal-
lenged to make some specific choices from a range of 
options using their problem-solving skills.

The spokesperson was in charge of taking note of 
the answer that was given to each question. When re-
turned to the large group virtual class, the facilitator 
shared the Team application questions on the screen, 
one at a time. To reproduce the simultaneous report of 
the 4 S’s principles of the tAPP’s structure, the content 
expert asked each spokesperson to write on the chat of 
the virtual class, at the same time, the answer given by 
his/her group reporting the number of the group and 
the letter of the answer.

Groups of opposing incorrect and correct an-
swers were invited to declare the reasoning for their 
response. The content expert then provided further 
discussion points.

Peer evaluation - (5 minutes)

Finally, students were asked to fill out an online 
peer evaluation which consisted in assigning a score 
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Results

Fifty-four out of 60 eligible students were re-
cruited for the study. Forty-six (85%) were female and 
8 (15%) were male, with an average age of 22.8 ± 5.6 
(SD) years.

Primary outcome

A statistically significant improvement was iden-
tified in students’ performance between tRAT and 
iRAT in all the nine online TBL sessions (p<0.001), 
as depicted in Table 2. For the attribution of the scores 
in the different steps of the online TBL session, in this 
study, it was adopted the scale of grades commonly 
applied in the Italian academic environment that sees 
a range from 0 (minimum) to 30 (maximum; “com 
laude” was not applied) with a score of 18 that cor-
responds to the sufficiency.

Secondary outcomes

The survey instruments presented the follow-
ing internal consistency values (Cronbach’s Alpha): 
α=0.91 for Parmelee et al.’s questionnaire and α=0.76 
for TBL-SAI.

Table 3 depicts the comparison of means and 
standard deviations for each item in the five catego-
ries pre and post intervention of the Parmelee et al.’s 
questionnaire.

Statistical analysis

All statistical analyses were performed using IBM 
SPSS software (version 27) with a significant level of 
p<0.05.

The primary outcome of the study was evaluated 
by comparing the average scores obtained by the stu-
dents in the tRAT versus the iRAT in each online TBL 
session using the parametric test of significance t-test.

The internal structure validity of both instruments 
was evaluated with Cronbach’s alpha coefficient.

With regard to the Parmelee et al.’s questionnaire, 
a t-test was conducted to determine if changes in at-
titudes about online TBL occurred after the training 
intervention. Finally, for TBL-SAI, the mean score 
obtained by the students in each subscales were com-
pared with the neutral values identified by the author 
of the instrument.

Ethical aspects

Written consent to participate was collected. Data 
was stored anonymously, transformed into assigned 
alphanumeric codes and then analyzed in aggregate 
form guaranteeing privacy according to Legislative 
Decree 30 June 2003, n.196 art. 13, modified by Leg-
islative Decree 101/2018. The data was processed fol-
lowing the indications of art.13 and 14 of the General 
Data Protection Regulation - EU Reg. N° 2016/679.

Table 2. Comparison of the mean scores between tRAT and iRAT.

iRAT tRAT

Session Students (n) Mean (SD) Mean (SD) p

TBL 1 48 27.1 (4.1) 30.0 (0.0) p<0.001

TBL 2 51 26.1 (4.3) 29.7 (0.6) p<0.001

TBL 3 45 27.1 (3.6) 29.9 (0.3) p<0.001

TBL 4 48 19.6 (5.0) 27.6 (1.5) p<0.001

TBL 5 47 23.7 (4.4) 29.0 (0.9) p<0.001

TBL 6 50 21.2 (6.5) 28.9 (1.3) p<0.001

TBL 7 49 25.7 (3.9) 29.5 (0.6) p<0.001

TBL 8 50 23.0 (4.6) 28.6 (0.8) p<0.001

TBL 9 51 18.9 (5.4) 27.6 (1.3) p<0.001

iRAT: individual readiness assurance test, tRAT: team readiness assurance test
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have been respected by the other members of the team 
and reported a positive impression of working with others.

As concerns peer evaluation, participants consid-
ered it to be fair (p<0.001), even though they did not 

A comparison of overall mean scores for state-
ments in the category “Satisfaction with team experience” 
showed a statistically significant increase after the online 
TBL sessions (p=0.003). In particular, students felt to 

Table 3. Comparison of the mean scores of the Parmelee at al.’s questionnaire pre and post the TBL sessions

Items

Pre Post

t pMean (SD) Mean (SD)

Overall satisfaction with Team Experience 3.78 (0.6) 4.19 (0.8) 3.10 0.003

1. I have found working as part of a team in my classes to be a valuable 
experience

4.27 (0.73) 4.05 (0.94) 1.28 0.208

2. In most of the teams I have been on, the other team members have 
generally contributed as much as I have

3.34 (0.75) 3.98 (1.05) -3.63 <0.001

3. In most of the teams I have been on, the team has worked well together 3.39 (0.72) 4.5 (0.79) -7.44 <0.001

4. In most of the teams I have been on, I felt the other team members 
respected me

3.66 (0.86) 4.52 (0.82) -5.06 <0.001

5. I have found teamwork to be a productive use of course time 4.23 (0.8) 3.91 (1.07) 1.50 0.142

Team Impact on Quality of Learning 3.54 (0.6) 3.41 (0.88) 0.9 0.341

6. I have found that teams help me learn course material more than if I just 
studied alone

3.66 (0.71) 3.52 (1.05) 0.85 0.402

7. I have learned more in courses where I have been a member if a team 3.48 (0.73) 3.32 (1.05) 0.88 0.384

8. I have found being part of a team improves my course grades 3.48 (0.70) 3.39 (0.95) 0.68 0.499

Satisfaction with Peer Evaluation 3.59 (0.6) 3.38 (0.9) 1.27 0.210

9. I have found that my peers have been fair in judging my contributions to a 
team

3.34 (0.65) 4.02 (0.85) -4.72 <0.001

10. I have found that peer evaluation motivates me to work harder 3.57 (0.90) 3.02 (1.19) 2.28 0.028

11. I have generally liked the use of peer evaluation as part of my team 
experience

3.57 (0.85) 3.20 (1.07) 1.75 0.88

12. I have found that peer evaluation motivates me to work more 
collaboratively

3.86 (0.82) 3.27 (1.17) 2.70 0.010

Team Impact on Clinical Reasoning Ability 3.70 (0.6) 4.08 (0.8) -3.04 0.004

13. I have found that being on a team has helped me become better at problem 
solving

3.84 (0.78) 4.09 (0.98) -1.64 0.109

14. I have found that teams make good decisions 3.32 (0.74) 3.98 (0.88) -4.06 <0.001

15. Being part of a team discussion has improved my ability to think through a 
problem

3.95 (0.78) 4.16 (0.96) -1.35 0.183

Professional Development 3.97 (0.67) 3.72 (0.95) 1.95 0.058

16. I have found that working with a team helps me develop skills in working 
with others

4.27 (0.69) 3.98 (1) 2 0.51

17. I have found that working with a team has helped me develop cooperative 
leadership skills

3.75 (0.94) 3.73 (1.11) 0.14 0.893

18. I have found that working with a team has helped me develop more respect 
for the opinions of others

4.11 (0.81) 3.8 (1.25) 1.86 0.70

19. I have found that working with a team has enhanced my sense of who I am 3.73 (0.82) 3.36 (1.28) 1.91 0.62

Data from the Parmelee et al.’s questionnaire showed that significant changes in students’ attitudes occurred in the areas of Overall satisfaction with 
Team Experience, Satisfaction with Peer Evaluation and Team Impact on Clinical Reasoning Ability.
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attitudes toward teamwork than other health care stu-
dents do (22).

In addition to that, it is worth noticing that, even 
if in some online TBL sessions the mean grade for the 
iRAT was not high, as was the case in session n. 4, 5, 6, 
8, 9, the mean score for the tRAT has always been very 
high and above 27 out of 30. This may indicate that, 
not only does collaboration within teams allow for bet-
ter scores applied to the same questions, but also that 
it unifies overall performance within the class group. 
This could depend on team composition: the method 
used to subdivide students into teams has proved effec-
tive in preserving homogeneity among groups (11). In 
this way, in each team there were students able to ob-
tain excellent individual performances and to convince 
and positively guide their group towards better scores 
also at the tRAT.

The secondary aims have been to evaluate the stu-
dents’ attitudes and their accountability, preferences 
and satisfaction with online TBL through the use of 
two specific instruments.

Data from the Parmelee et al.’s questionnaire 
showed that the implementation of this new teach-
ing strategy in an online setting has increased their 
satisfaction with working in teams. We speculate that 
this positive perception might depend on the fact that 
TBL has represented one of the few occasions for our 
students to communicate actively and engage with 
other classmates during the COVID-19 pandemic. It 
is because, at the time this study was conducted, the 
participants attended their lessons online. Since our 
curriculum is still dominated by teacher-centered lec-
tures, the ability to interact with each other and col-
laborate was limited.

In terms of peer evaluation, students felt they 
have been judged fairly by their teammates. Never-
theless, the results seem to indicate that this impor-
tant phase of TBL structure did not succeed in one 

consider it as a factor encouraging them to be more 
committed to studying (p=0.028) or collaborating 
(p=0.010). Finally, data showed a statistically signifi-
cant increase in overall mean scores in the subscale 
“Team Impact on Clinical Reasoning Ability” and stu-
dents felt that being part of a team made them more 
competent in making the right decisions (p<0.001).

TBL-SAI parameters and results are presented in 
Table 4. Students’ accountability after the TBL imple-
mentation increased: it is apparent in the top row of 
the table where the mean score for the Accountabil-
ity subscale is higher than the neutral reference value. 
Similarly, the mean score for the Preference subscale 
shows that students preferred TBL to frontal lessons. 
Satisfaction value, instead, was neutral.

Discussion

The main purpose of this paper has been to ex-
amine the performance of students in tRAT and iRAT 
during online TBL. The results indicate that students 
achieve statistically significant higher scores when 
they perform the readiness assurance test through 
a consensus process. It seems reasonable to assume 
that the improvement from the iRAT and the tRAT 
hinges on students collaborating with one-another and 
peer-learning (20,21).

This result is confirmed also by Ngoc et al. (22) in 
a meta-analysis on students’ readiness assurance test 
performance with TBL that involved 11 studies and 
1575 participants. The authors found evidence that 
groups consisting of only nursing students achieve 
much higher improvement with the tRAT than with 
the iRAT compared to other subgroups which in-
cluded students from different disciplines. A possi-
ble explanation for this result might be related to the 
fact that nursing students often show more positive 

Table 4. Results from the TBL-SAI.

Subscale Number of items Possible score range Neutral* Mean (SD)

Accountability 8 8-40 24 30 (3.7)

Preference 16 16-80 48 51.8 (6.3)

Satisfaction 9 9-45 27 27.9 (5)

Overall 33 33-165 99 109.7 (10.8)
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Accountability subscale assesses student’s prepa-
ration for class and their contribution to the team; 
preference subscale assesses student ability to recall 
material and student attention level in lecture and 
TBL (19).

To date, there is limited evidence on students’ 
accountability evaluation in online TBL. Our result 
is consistent with Arcila Hernández et al.’s study on 
the implementation of TBL in the life sciences (11). 
Their experience transitioning to distance learning 
during the pandemic confirmed that the use of online 
TBL can increase student accountability, in particular 
by reason of the use of small progressive assignments. 
Wong et al., to hold students accountable for their 
learning during the team application phase of online 
TBL, used to randomly call upon any student to re-
spond or defend their team’s answer (12). It ensured 
that the students kept up with the discussion and that 
peer learning had occurred within the team. In our 
study, this strategy to promote student’s accountability 
has been used to a limited extent and, on most occa-
sions, it was the spokesman who justified the group’s 
choices. Nevertheless, our students felt a greater sense 
of accountability after the TBL implementation. This 
result probably reflects the efforts that have been made 
to respect the basic elements of TBL also in the online 
environment. In addition, the grading of TBL sessions 
was weighted as 5% of the assessment plan in the nurs-
ing course. Since the overall TBL grade was divided in 
iRAT 25%, tRAT 35%, tAPP 35% and peer evaluation 
5%, students were empowered to study pre-class and 
collaborate within the group.

Anyway, previous studies in which the TBL-SAI 
was used to assess students’s opinions of face-to-face 
TBL reported an increased level of accountability and 
preference to frontal lesson in different disciplines: 
nursing (19,27), pharmacy (28-30), medicine (21,31), 
occupational therapy (32), physiotherapy (33-35), 
non-medical healthcare students (36).

Interestingly, data from the satisfaction subscale, 
which assesses student satisfaction with TBL (19), are 
neutral. Previous research has shown mixed results on 
TBL satisfaction. Although in most studies, students 
were satisfied with TBL (21,32-35,39), in other stud-
ies the opinion was different.

of its main outcomes, which is incentivizing students 
to positively contribute to group learning (23). Peer 
assessment, indeed, keeps students accountable to 
their teammates concerning pre-class preparation 
and contribution to the interpersonal group dynamics 
and team productivity (24). In our study, instead, the 
mean scores for the statements “I have found that peer 
evaluation motivates me to work harder” and “I have 
found that peer evaluation motivates me to work more 
collaboratively” decreased after the TBL implementa-
tion. Previous studies have demonstrated that many 
students are resistant to peer evaluation (18,25) and 
that students need adequate training to understand 
the process of feedback (26). These findings are similar 
to those of Govindarajan and Rajaragupathy in their 
study on teaching Biochemistry for medical students 
through an online TBL (16). The items of their instru-
ment regarding receiving constructive feedback from 
peers had the least mean scores. It seems reasonable to 
assume that peer evaluation represents a complex skill 
that still needs to be developed in our students.

Our students’ perception of team impact on their 
clinical reasoning ability showed a statistically signifi-
cant increase after the online TBL implementation. 
Even though all the items in this category received a 
higher mean score after the online TBL experience, 
only one of them achieved statistical significance. In lit-
erature, there are contrasting results on problem solving 
and critical thinking skills as learning outcomes of TBL 
(7). However, Sannathimmappa et al. (14), in their study 
on the effectiveness of an online synchronous TBL for 
medical students, found out that 89.7% of the partici-
pants believed that TBL had increased their problem-
solving ability. Our students felt that their teams were 
able to make the right decisions. A potential explana-
tion for this result might be related to the findings of 
the primary outcome of the study. As stated before, the 
performances achieved by teams during tRAT were ex-
cellent and this may have given the students the feeling 
of being effective in making the right choices while col-
laborating during the TBL sessions.

The results from the TBL-SAI in the Account-
ability and Preference subscales have been higher than 
their neutral values. On the other hand, data from the 
Satisfaction subscale fell in the “mixed-opinion” range.



Acta Biomed 2022; Vol. 93, N. 6: e2022346 9

obstacle to conducting student-centered active learn-
ing programs in nursing education. Our findings show 
that online TBL represents a valid alternative for fos-
tering students’ competencies development in nursing 
academic education. Teamwork improves the group 
performance compared to individual results and is 
appreciated by the participants. In addition, the on-
line TBL has a positive effect on the accountability 
of students who prefer it to frontal lectures. To our 
knowledge, this is the first study of online TBL among 
nursing students in Italy.

The results of this study should be seen in light 
of some limitations. Firstly, this is a single centered 
study with a small convenience sample size; hence, the 
results of the study cannot be generalized. Secondly, 
the Parmelee et al’s questionnaire and TBL-SAI are 
self-report tools that have been created to assess stu-
dents’ attitudes and opinions on F2F team-based 
learning, not online TBL. Lastly, in the virtual setting, 
it has been difficult to monitor students’ interactions 
into the breakout rooms, as well as verifying that they 
were not sharing responses during iRAT.

Further experimental studies with a larger sample 
size and multicentric are needed to compare the out-
comes between F2F and online TBL. In addition, to 
assess whether student satisfaction with online TBL 
could progressively improve over time, prospective 
studies will be required.
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In literature, several reasonable justifications have 
been hypothesized to this result. In 2013, Fatmi et al. 
(37) supposed that students’ reaction to TBL could be 
negatively influenced by the increased workload (e.g. 
required advanced readings and preparation) and shift 
in culture toward peer assessment and accountability. 
Sharma et al. (29) identified two possible reasons: the 
short duration of TBL use that may not have given 
students enough time to form an opinion; and the fact 
that there have been some problems with the timing of 
the TBL session components, caused by lack of experi-
ence of instructors. Lubeck et al. (38) underlined the 
importance of having adequate time to get the students 
accustomed to TBL and the required level of responsi-
bility, otherwise instructors could face some resistance.

In our study, we suppose that the “neutral satis-
faction” with TBL might depend on two main factors. 
Firstly, online team-based learning deviates from the 
traditional teacher-centered lecture format that our 
students typically experience. Students may find it dif-
ficult to adapt to the flipped classroom approach. Sec-
ondly, this was the first implementation of online TBL 
into our curriculum. We cannot rule out the possibility 
that the students’ attitudes were affected by the new-
ness of the instructional approach as well as the chal-
lenges for faculty in adapting the online TBL strategy 
to their courses.

Conclusions

One of the most important factors for successful 
learning outcomes in higher education is matching the 
learning preferences of students with the instructional 
strategies used by educators (1). Although accustomed 
to intrapersonal learning, generation Z students con-
sider peers as valuable resources and desire working 
with others, often after having faced a problem on their 
own (1). They appreciate being presented with clinical 
problems that stimulate thinking and problem-solving, 
also in the online environment (39). These character-
istics and preferences fit nicely with the flipped class-
room approach (1) and TBL, both F2F and online.

Our study shows that the institutional restric-
tions due to the COVID-19 pandemic may not be an 



Acta Biomed 2022; Vol. 93, N. 6: e2022346 10

15. Al-Neklawy AF, Ismail AS. Online anatomy team-based 
learning using blackboard collaborate platform dur-
ing COVID-19 pandemic. Clin Anat 2022; 35: 87–93. 
doi:10.1002/ca.23797.

16. Govindarajan S, Rajaragupathy S. Online team based learn-
ing in teaching Biochemistry for first year MBBS students 
during COVID-19 pandemic. Biochem Mol Biol Educ 
2022; 50 (1): 124-129. doi:10.1002/bmb.21598.

17. Clark et al. Off to On: Best Practices for Online Team-Based 
Learning™. Proceedings of the Team-Based Learning™ Col-
laborative (TBLC) conference, March 2018; San Diego, CA.

18. Parmelee DX, DeStephen D, Borges NJ. Medical students’ 
attitudes about team-based learning in a pre-clinical cur-
riculum. Med Educ Online 2009; 14: 1. doi:10.3885/
meo.2009.Res00280.

19. Mennenga H. Development and Psychometric Testing of 
the Team-Based Learning Student Assessment Instru-
ment. Nurse Educator 2012; 37 (4): 168-172. doi:10.1097/
NNE.0b013e31825a87cc.

20. Keshmiri F, Rahmati A, Ghafarrahimi Amin A, Faezi T. 
Validating and Assessing the Reaction of Medical Students 
Toward Team-Based Learning. Acta Med Iran 2016; 54 
(12): 806-811.

21. Faezi ST, Moradi K, Ghafar Rahimi Amin A, Akhlaghi M, 
Keshmiri F. The effects of team-based learning on learning 
outcomes in a course of rheumatology. J Adv Med Educ 
Prof 2018; 6 (1): 22-30.

22. Ngoc PN, Cheng CL, Lin YK, Wu MS, Chu JS, Tang KP. 
A meta-analysis of students’ readiness assurance test perfor-
mance with team-based learning. BMC Med Educ 2020; 20 
(1): 223. doi:10.1186/s12909-020-02139-9.

23. Burgess A, van Diggele C, Roberts C, Mellis C. 
Team-based learning: design, facilitation and participation. 
BMC Med Educ 2020; 20(Suppl 2): 461. doi:10.1186/
s12909-020-02287-y.

24. Daou D, Sabra R, Zgheib NK. Factors That Determine the 
Perceived Effectiveness of Peer Feedback in Collaborative 
Learning: a Mixed Methods Design. Med Sci Educ 2020; 
30 (3): 1145-1156. doi:10.1007/s40670-020-00980-7.

25. Göktepe N, Türkmen E, Zeybekoğlu Z, Yalçin B. Use of 
Team-Based Learning in a Nursing Leadership Course: An 
Action Research Study. Nurse Educ 2018; 43 (6): E1-E4. 
doi:10.1097/NNE.0000000000000500.

26. Burgess A, Roberts C, Lane AS, et al. Peer review in team-based 
learning: influencing feedback literacy. BMC Med Educ 2021; 
21 (1): 426. doi:10.1186/s12909-021-02821-6.

27. Branson S, Boss L, Fowler D. Team-based learning: appli-
cation in undergraduate baccalaureate nursing education. 
Journal of Nursing Education and Practice 2016; 6 (4): 
59-64. doi:10.5430/jnep.v6n4p59.

28. Parthasarathy P, Apampa B, Manfrin A. Perception of 
team-based learning using the team-based learning stu-
dent assessment instrument: an exploratory analysis within 
pharmacy and biomedical students in the United King-
dom. J Educ Eval Health Prof 2019; 16:23. doi:10.3352/
jeehp.2019.16.23.

References

1. Seemiller C, Grace, M.Generation Z: Educating and En-
gaging the Next Generation of Students. About Campus 
2017; 22 (3): 21–26. doi:10.1002/abc.21293.

2. Chicca J, Shellenbarger T. Connecting with Generation Z: 
Approaches in Nursing Education. Teach Learn Nurs 2018; 
13 (3): 180-184. doi:10.1016/j.teln.2018.03.008.

3. Ghezzi JFSA, Higa EFR, Lemes MA, Marin MJS. Strate-
gies of active learning methodologies in nursing education: 
an integrative literature review. Rev Bras Enferm 2021: 24; 
74 (1): e20200130. doi:10.1590/0034-7167-2020-0130.

4. Culha I. Active learning methods used in nursing educa-
tion. Journal of Pedagogical Research 2019: 3 (2), 74-86. 
doi:10.33902/JPR.2019254174.

5. Ozbay O, Cinar S. Effectiveness of flipped classroom 
teaching models in nursing education: A systematic re-
view. Nurse Educ Today 2021; 102, 104922. doi:10.1016/j.
nedt.2021.104922.

6. Parmelee DX, Michaelsen L, Cook S, Hudes PD. 
Team-based learning: a practical guide: AMEE guide no. 
65. Med Teach 2012; 34 (5): e275-87. doi:10.3109/01421
59X.2012.651179.

7. Alberti S, Motta P, Ferri P, Bonetti L. The effectiveness of 
team-based learning in nursing education: A systematic re-
view. Nurse Educ Today 2021; 97: 104721. doi:10.1016/j.
nedt.2020.104721.

8. Considine J, Berry D, Allen J, Hewitt N, Oldland E, Spro-
gis SK, Currey J. Team-based learning in nursing education: 
A scoping review. J Clin Nurs 2021; 30 (7-8): 903-917. 
doi:10.1111/jocn.15599.

9. Jakobsen KV, Knetemann M. Putting Structure to Flipped 
Classrooms Using Team-Based Learning. International 
Journal of Teaching and Learning in Higher Education 
2017; 29: 177-185.

10. Malik AS, Malik RH. Twelve tips for conducting team-based 
learning session online in synchronous setting. Med Teach 
2021; 9: 1-8. doi:10.1080/0142159X.2021.1910642.

11. Arcila Hernández LM, Zamudio KR, Drake AG, Smith 
MK. Implementing team-based learning in the life sciences: 
A case study in an online introductory level evolution and 
biodiversity course. Ecol Evol 2020; 11 (8): 3527-3536. 
doi:10.1002/ece3.6863.

12. Wong P, Jumat MR, Lee ICJ et al. Redesigning team-based 
learning facilitation for an online platform to deliver pre-
clinical curriculum: A response to the COVID-19 pandemic 
[version 1]. MedEdPublish 2020; 9: 135. doi:10.15694/
mep.2020.000135.1.

13. Takizawa PA, Honan L, Brissette D, Wu BJ, Wilkins KM. 
Teamwork in the Time of COVID-19. FASEB Bioadv 
2020; 17;3(3):175-181. doi:10.1096/fba.2020-00093.

14. Sannathimmappa MB, Nambiar V, Aravindakshan R, Ku-
mar A. Are Online Synchronous Team-Based Learning 
(TBL) pedagogy effective?: Perspectives from a study on 
medical students in Oman. J Adv Med Educ Prof 2022; 10 
(1): 12–21. doi:10.30476/JAMP.2021.92361.1481.



Acta Biomed 2022; Vol. 93, N. 6: e2022346 11

29. Sharma A, Janke KK, Larson A, Peter WS. Understanding 
the early effects of team-based learning on student account-
ability and engagement using a three session TBL pilot. Curr 
Pharm Teach Learn 2017; 9(5): 802-807. doi:10.1016/j.
cptl.2017.05.024.

30. Nation LM, Tweddell S, Rutter P. The applicability of a 
validated team-based learning student assessment instru-
ment to assess United Kingdom pharmacy students’ attitude 
toward team-based learning. J Educ Eval Health Prof 2016; 
13: 30. doi:10.3352/jeehp.2016.13.30.

31. Ibrahim ME. Team-based learning student assessment in-
strument (TBL-SAI) for assessing students acceptance of 
TBL in a Saudi medical school. Psychometric analysis and 
differences by academic year. Saudi Med J 2020; 41 (5): 
542-547. doi:10.15537/smj.2020.5.25054.

32. Carson R, Mennenga H. Team-Based Learning and the 
Team-Based Learning Student Assessment Instrument 
(TBL-SAI): A Longitudinal Study of Master of Occu-
pational Therapy Students’ Changing Perceptions. Am J 
Occup Ther 2019; 73 (4): 7304205010p1-7304205010p7. 
doi:10.5014/ajot.2019.032623.

33. Teixeira Rda C; Magalhaes AB, Palacios VR, Teixeira Mde 
M. Physiotherapy Students’ Perceptions of Team-Based 
Learning Using the Team-Based Learning Student As-
sessment. Journal of Education and Learning 2019; 8 (4): 
43-51. doi:10.5539/jel.v8n4p43.

34. Livingston B, Lundy M, Harrington S. Physical therapy stu-
dents’ perceptions of team-based learning in gross anatomy 
using the Team-Based Learning Student Assessment In-
strument. J Educ Eval Health Prof 2014; 11: 1. doi:10.3352/
jeehp.2014.11.1.

35. Macauley K, Dirkes A. Team-Based Learning at the End 
of a Physical Therapy Curriculum. J Allied Health 2017; 46 
(4): e67-e69.

36. Lochner L, Girardi S, Pavcovich A, Meier H, Man-
tovan F, Ausserhofer D. Applying interprofessional 
Team-Based Learning in patient safety: a pilot evaluation 
study. BMC Med Educ 2018; 18 (1): 48. doi:10.1186/
s12909-018-1164-8.

37. Fatmi M, Hartling L, Hillier T, Campbell S, Oswald AE. 
The effectiveness of team-based learning on learning out-
comes in health professions education: BEME Guide No. 
30. Med Teach 2013; 35 (12): e1608-e1624. doi:10.3109/0
142159X.2013.849802.

38. Lubeck P, Tschetter L, Mennenga H. Team-based learn-
ing: an innovative approach to teaching maternal-newborn 
nursing care. J Nurs Educ 2013; 52(2): 112-115. 
doi:10.3928/01484834-20130121-02.

39. Chunta K, Shellenbarger T, Chicca J. Generation Z Stu-
dents in the Online Environment: Strategies for Nurse 
Educators. Nurse Educ 2021; 46 (2): 87-91. doi:10.1097/
NNE.0000000000000872.

Correspondence:
Received: 5 October 2022
Accepted: 24 November 2022
Valeria Vannini, PhD student
Clinical and Experimental Medicine PhD Program,  
University of Modena and Reggio Emilia, Modena, Italy
via Giuseppe Campi, 287
Modena, 41125 Italy
Phone: +390592055599
E-mail: valeria.vannini@unimore.it
ORCID: 0000-0003-2185-6898


