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Objective. To compare student performance, elements of peer evaluation and satisfaction of teams
created according to students’ course entrance grade point average (GPA).
Methods. Two course sections were divided into teams of four to five students utilizing Comprehensive Assessment of Team Member Effectiveness (CATME) software.
Results. Of 336 students enrolled, 324 consented to participation. Weekly team quiz averages were
99.1% (higher GPA), 97.2% (lower GPA), 97.7% (mixed GPA). Weekly individual quiz averages were
87.2% (higher GPA), 83.3% (lower GPA), 85.2% (mixed GPA). Students with same GPA performed
similarly individually independent of team assignment. Satisfaction ranged from 4.52 (higher GPA),
4.73 (lower GPA), 4.53 (mixed GPA).
Conclusion. Academically stronger students in mixed GPA teams appeared to be at a slight disadvantage compared to similar students in higher GPA teams. There was no difference in team performance
for academically weaker students in lower GPA versus mixed GPA teams. Team satisfaction was
higher in lower GPA teams.
Keywords: teamwork, team allocation, performance, satisfaction, large classroom

schools.6 They found that high achievers performed better on their own than with a group, when group processes
were of low quality.6 However, both high and low
achievers performed better in a group, when group processes were of high quality.6 Group processes of high
quality include positive interdependence, individual accountability, equal participation and social skills.6
Pharmacy educators advocate putting students into
heterogeneous teams to ensure a diverse mix of backgrounds, experiences, and learning styles that will prepare
students for pharmacy practice.9 Often, teams are created
randomly to save time. Many instructors invite students to
participate in the exercises/questionnaires where they can
explore their own personalities, strengths and weaknesses, learning styles and preferences.7,10,11 The process
of self-discovery can be time-consuming but valuable for
students. Even though the process of assigning students to
specific teams is often laborious, course coordinators are
often interested in a more precise team formation. Students can be assigned to teams based on their scholastic
performance, work experience, social background, leadership preference, learning style and more. Some learning
style inventories include the Strengths Finder; the MyersBriggs Type Indicator; Keirsey Temperament Sorter;
Pharmacists’ Inventory of Learning Styles; Kolb Learning

INTRODUCTION
Teamwork is a crucial component of learning because it promotes student active engagement, which leads
to long-term retention of the content.1 Teamwork can be
used in a variety of educational methods including teambased learning, problem-based learning, flipped classroom, blended learning and more.2,3 The importance of
effective teamwork is gaining prominence in the research
arena. Some of the elements of teamwork that have been
explored include collective intelligence,4 gender roles,4
team construction (ie, ability grouping,5,6 personality and
learning style inventories7), and individual contributions.8
Research in elementary education suggests that students should be placed in heterogeneous groups for the
majority of instruction, but should be regrouped according
to their abilities for skill development activities such as
reading and mathematics. Instructors need to re-evaluate
students’ achievement level frequently and change groups
accordingly.5 Cheng and colleagues evaluated the performance of close to 2,000 students who participated in
a yearlong project-based learning program in secondary
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Style Inventory; Visual, Aural, Read/Write, Kinesthetic
Questionnaire VARK.7,10,11
Another challenge with team learning is assessing
both team and individual member contributions. To remedy this, faculty rely on peer evaluations. However, because it is common for students to give all their teammates
the same positive score to avoid confrontation or negative
feeling, it is hard to gauge the accuracy and reliability of
peer evaluations. We noticed that students grade their
peers harshly only when they observe workload inequalities. Peer evaluations maybe more meaningful when
a “budgeted” approach is used. In this method, a total
score is divided among team members based on merit.12
The Comprehensive Assessment of Team Member
Effectiveness (CATME) Smarter Teamwork (West
Lafayette, IN) is software that includes web-based tools
developed by researchers at Purdue University.13 There
are a number of publications in various disciplines that
describe the use of these tools.14-19 The main goal of
CATME Smarter Teamwork is to assist faculty in team
management. After requesting an account, faculty are
granted access to the system and all the tools, including
CATME Faculty Team-Management Guide, CATME
Students Teamwork Training, CATME Team-Maker,
CATME Peer Evaluation and CATME Rater Calibration.
The CATME Team-Maker allows for collection of information about students and setting specific criteria that are
later used to create teams. In Rater Calibration, students
are invited to use mock team members to learn how to best
evaluate their contributions. In Peer Evaluation, students
self- and peer evaluate each team member on five criteria
of teamwork.
In this study, we examined if purposeful team formation and evaluation through the CATME Smarter
Teamwork would be beneficial to team member satisfaction and overall performance in a large pharmacy course.
The objective of this study is to compare student performance, elements of peer evaluation and student satisfaction with their team created according to students’ course
entrance grade point average (GPA).

Assurance Tests (iRATs/tRATs) consisting of 5-10 multiple choice questions.24,25 During the first year of the
course’s re-design to flipped team-based learning format,
the students were randomly assigned to teams of four to
five individuals to promote participation and accountability.7,26 Twice during the semester, students were asked to
use Google Forms to submit peer-evaluations of team
members. Due to the large class size, both team formation
and peer evaluations grading were heavily time consuming for us. We sought out tools to help address these
concerns.
After attending a seminar about team formation/peer
evaluation using the CATME Smarter Teamwork system13 and exploring current literature on team formation
in team-based learning,27-29 we made the decision to utilize it in the fall of second year of the course re-design. We
used CATME.org to create two student cohorts (section A
and section B) based on Registrar student course section
allocation. A set of questions (some native to the CATME
system and others developed by course coordinators) was
used to create a Team Formation Survey. The Team Formation Survey included questions about students’ gender,
English level proficiency, introvert/extrovert personality
types, leadership role preference, pharmacy work experience, over-the-counter drugs/self-care work experience,
and group work preference. We created the Team Formation Survey and Student Feedback Survey instruments
and revised them over a several meetings with input from
faculty who were teaching the course.
Rosters from each section including names, identification numbers, email addresses and cumulative
GPA ranges (152.00-2.69; 252.70-2.99; 353.00-3.49;
453.50-4.00) were uploaded into the software. Once
uploaded, students received an invitation email to signup for CATME account and complete the Team Formation
Survey. Since the first Monday of the semester was a holiday, students were asked to complete the survey by day 3
of that week. On day 4 using CATME software, we created
teams based on student responses, allowing them to meet
the following Monday in their permanent teams.
The software allows faculty to assign weight to selected variables from the Team Formation Survey. In this
class, the highest weight was given to the GPA ranges,
followed by responses of English level proficiency and
leadership role preference. The last two criteria were
evenly distributed between teams, however section A
consisted of homogeneous teams (higher GPA between
3.00-4.00/lower GPA 2.00-2.99) and section B of heterogeneous teams (mixed GPA). Students did not know what
type of team they were placed in.
During the course, students were required to evaluate team members twice based on the following five

METHODS
Based on positive reviews from pharmacy academicians working with large classes20-23 and to achieve consistency of the content delivery, our team of faculty
incorporated flipped team-based learning in a required
self-care course consisting of over 300 students divided
into two sections. The three-credit course met once a week
for 14 weeks. In this design, students reviewed prerecorded content prior to coming to class and in-class
sessions were used for case-based application of the material after completion of individual and team Readiness
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research-based CATME criteria14: contributing to the
team’s work, interacting with teammates, keeping the
team on track, expecting quality, and having related
knowledge, skills and abilities. An in-class tutorial was
presented after which students were invited to participate in a mandatory CATME Rater Calibration activity
to prepare them for meaningful team evaluation and for
better familiarity with CATME. The software presented
evaluation scores and comments of the entire team to
each student anonymously.
Final course teamwork grades (20% of the final
grade) were based on two separate elements: average academic performance on tRATs and each individual student’s contribution to the team effort (determined by peer
evaluation grade). For example, if students gave their
team member 90% in peer evaluation score, the student’s
average tRAT performance grade would be multiplied by
90%. If a student participates only partially in teamwork,
this more accurately reflected their contribution to the
teamwork.
In addition, at course completion, students evaluated
the software and elements of teamwork in a voluntary
confidential Student Feedback Survey. The Student Feedback Survey instrument consisted of questions about ease
of CATME navigation, utility of CATME Rater Calibration activity, applicability of CATME peer evaluation
criteria, degree of fairness of peer evaluations, preference
for random versus response-based team formation strategy, and suitability of team members in terms of personal
and professional characteristics. The 19-question survey
(available upon request) was delivered via the Qualtrics
online survey platform (Qualtrics Labs, Inc, Provo,
UT).30 A Likert scale was utilized for the majority of
questions. Participation in the survey was voluntary and
students received bonus points for completing the survey.
Students enrolled in the course were emailed an informed
consent form and a link to the survey. Clicking on the link
implied students’ consent.
Finally, data from the Team Formation Survey, student peer evaluations, Student Feedback Survey, student
performance during tRATs, iRATs and exams, as well as
GPA ranges prior to course entrance were used for the
overall analysis for students that consented to participating in this project. The Qualtrics online survey platform
tabulated the responses and provided descriptive statistics. Chi-square in combination with Marascuilo’s
post-hoc analyses were used to assess for significant correlations between student responses to select Team Formation and Student Feedback Survey questions versus
higher/lower/mixed GPA Team. Analysis of Variance
(ANOVA) with Tukey-Kramer multiple comparisons
were used to determine whether significant differences

existed in mean iRAT, tRAT, exams, and CATME
peer-evaluation criteria scores between higher/lower/
mixed GPA teams. All analyses were performed using
either NCSS 200731 or StatsToDo.32 Results were considered statistically significant if the observed level of
significance was p,.05.
The university’s Institutional Review Board approved the research and the survey instruments.

RESULTS
Three hundred thirty-six students were enrolled in
the course, and 324 (96%) consented to participate in
the project. There were 20 higher GPA teams (81 students), 23 lower GPA teams (89 students), and 39 mixed
GPA teams (154 students). The baseline characteristics of
the participants are described in Table 1.
During the course, students evaluated their team
members on teamwork based on five CATME criteria.
Averages of their evaluation grades and their overall team
satisfaction are included in Table 2. Scores on these evaluation criteria – contribution to team, keeping team on
track, and having knowledge, skills and attitudes – were
statistically significantly greater in higher GPA teams
than in either lower GPA or mixed GPA teams. On average, all students enrolled in the course gave each other
lower scores on the contribution to team and keeping team
on track criteria.
Averages of weekly team quizzes (tRATs) were
99.0% (higher GPA), 97% (lower GPA), 98% (mixed
GPA). These finding were statistically significant for
higher and lower, as well as higher and mixed teams; but
not for lower and mixed (p,.05, p,.05, p..05 respectively). Averages of weekly individual quizzes (iRATs)
were 87% (higher GPA), 83% (lower GPA), 85% (mixed
GPA) (p,.05 for all GPA groups). Table 3 breaks down
student iRAT scores according to their GPA range and
team assignment. Averages of three exams were 87%
(higher GPA), 83% (lower GPA), 85% (mixed GPA)
( p,.05 for all GPA teams). Table 4 separates exam scores
according to student GPA ranges and team assignment.
In the Student Feedback Survey, the students
strongly agreed/agreed that CATME software was easy
to navigate (85%), calibration activity was useful in understanding the setup of peer evaluation form (51%), calibration activity was useful in preparing students how to
evaluate team members (45%), peer evaluation questions
were reasonably applicable to the activities performed in
the course (64%), and team members evaluated them
fairly (86%). Data on the students’ perceptions of suitability of team members in terms of personal and professional characteristics from higher/lower/mixed GPA
teams are described in Table 5.
3
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Characteristic
Gender (Female)
English Proficiency (Native & Fluent)
Leadership Role Preference
Leader/Prefer Leading
Balanced
Follower/Prefer Following
Personality (Extrovert)
Like Group Work (Yes)
Pharmacy Work Experience
Community
Hospital
None
OTC Work Experience (Lots or Some)
a,,b,c

Higher GPA
Teams N=81
No. (%)

Lower GPA
Teams N=89
No. (%)

Mixed GPA
Teams N=151
No. (%)

Class Total
N=321 No. (%)

58 (72)a
76 (94)a

61 (69)b
86 (97)b

85 (56)a
140 (93)c

204 (64)
302 (94)

22
30
29
40
50

(27)a
(37)a
(36)a
(49)a
(62)a

17
29
43
37
56

(19)b
(33)b
(48)b
(42)b
(63)b

28
68
55
66
89

(19)c
(45)c
(36)c
(44)c
(58)c

67 (21)
127 (40)
127 (40)
143 (45)
195 (60)

57
12
9
53

(70)a
(15)a
(11)a
(65)a

62
11
14
48

(70)b
(12)b
(16)b
(54)b

106
18
21
92

(69)c
(12)c
(14)c
(60)c

225 (69)
41 (13)
44 (14)
193 (60)

Within each row, values sharing common superscripts are significantly different from each other (p,.05)

Table 2. Peer Evaluation Grades and Satisfaction (Mean (SD); Maximum55.00)
Higher GPA
Teams N=81

Evaluation Criteria
Contribution to Team
Interaction with Team
Keeping Team on Track
Expecting Quality
Having Knowledge, Skills, Attitudes
Satisfaction Questions
Satisfied with present teammates
Pleased with the way I and teammates work together
Very satisfied in working with this team

4.45
4.48
4.38
4.46
4.53

(0.36)a,b
(0.33)a
(0.36)a,b
(0.33)a
(0.34)a,b

4.52 (0.55)a
4.56 (0.58)a
4.51 (0.59)a

Lower GPA
Teams N=89

Mixed GPA
Teams N=154

4.18 (0.42)a
4.39 (0.31)b
4.17 (0.34)a
4.37 (0.30)b
4.33 (0.33)a

4.28
4.36
4.26
4.35
4.39

(0.38)b
(0.37)a
(0.36)b
(0.34)a
(0.33)b

4.73 (0.45)a,b
4.68 (0.49)b
4.69 (0.50)a,b

4.53 (0.67)b
4.53 (0.66)c
4.47 (0.70)b

Class Total
N=324
4.29
4.40
4.26
4.38
4.41

(0.40)
(0.34)
(0.36)
(0.33)
(0.34)

4.58 (0.59)
4.58 (0.60)
4.54 (0.63)

Within each row, values sharing common superscripts are significantly different from each other (p,.05)
Peer evaluation grades range from 1 (lowest) to 5 (highest)

Table 3. GPA Range vs. iRAT Scores. Mean (SD)
GPA Range
2.00
2.70
3.00
3.50

to
to
to
to

2.69
2.99
3.49
4.00

High GPA Teams N=81

Low GPA Teams N=89

Mixed GPA Teams N=154

p

NA
NA
87.1 (5.7)
88.3 (4.5)

82.9 ( 6.0)
83.9 (5.6)
NA
NA

82.7 (7.2)
84.9 (6.1)
85.8 (6.0)
89.5 (5.1)

0.87
0.54
0.29
0.37

NA 5 None Available

utilized to create meaningful/complementary teams in
a few hours rather than weeks without CATME.
The teams we created were comparable in terms
of their English language proficiency and personality
(introvert/extrovert). Statistically teams were similar in
terms of work experience, OTC work experience and their
preference for team work. Even though there was no statistical difference in leadership role preference, numerically, there were more students that preferred leading in

DISCUSSION
In our first year of implementing team-based learning, students were randomly assigned to teams. We were
concerned that putting more than 300 students in teams
based on specific criteria would be too time consuming. In
the second year of course redesign, CATME allowed us to
easily collect information about students (such as leadership style, language, work experience). Student responses
from Team Formation Survey as well as GPA ranges were
4
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Table 4. GPA Range versus Exam Scores. Mean (SD)
GPA Range
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2.00
2.70
3.00
3.50

to
to
to
to

2.69
2.99
3.49
4.00

High GPA Teams N=81

Low GPA Teams N=89

Mixed GPA Teams N=154

p

NA
NA
86.9 (3.9)
89.1 (3.3)

82.6 (4.9)
84.3 (4.2)
NA
NA

81.5 (5.7)
85.7 (4.9)
86.7 (3.9)
90.2 (3.2)

0.26
0.22
0.85
0.23

NA 5 None Available

Table 5. Suitability of Team Members in Terms of Personal and Professional Characteristics
Higher GPA Lower GPA Mixed GPA Class Total
Teams N=81 Teams N=89 Teams N=154
N=324
No. (%)
No. (%)
No. (%)
No. (%)

Strongly Agree/Agree Responses Only from a Likert Scale
CATME was superior to random allocation
My team members were similar to me in terms of personality
My team members were similar to me in terms of intellectual ability
My team members were similar to me in terms of work ethic
My team members were similar to me in terms of work style
My team members were able to bring out my strengths
My team members were able to decrease my weaknesses
My team members were able to complement each other
My team members were able to resolve conflicts
I liked that we had the same team for the entire semester
I got to know my team members well

64 (79)a
56 (69)a
72 (89)a
72 (89)a
63 (78)a
58 (72)a
54 (67)a
73 (90)a
68 (84)a
73 (90)a
74 (91)a

58
66
75
70
65
67
60
80
78
83
77

(65)b
(74)b
(84)b
(79)b
(73)b
(75)b
(67)b
(90)b
(88)b
(93)b
(87)b

98
85
115
109
94
84
80
121
118
128
112

(64)a
(55)b
(75)a
(71)a
(61)a
(55)a,
(52)a,
(79)a,
(77)c
(83)b
(73)a,

b
b
b

b

220
207
262
251
222
209
194
274
264
284
263

(68)
(64)
(81)
(77)
(69)
(65)
(60)
(85)
(81)
(88)
(81)

Within each row, values sharing common superscripts are significantly different from each other (p,.05)

higher GPA teams, more students that preferred a balanced role in mixed GPA teams, and more students that
preferred following in lower GPA teams. These findings
were consistent with our expectations and the literature.33
Research suggests that teams with more females perform
better on a social sensitivity scale, therefore there is a possible expectation that teams with more females would
perform better overall.4 Based on our results, there were
more females than males in higher and lower GPA than in
mixed GPA teams. Since the large number of our students
in higher and lower GPA teams were female, this hindered
evaluation of whether gender was a major contributing
factor in team performance. Even though we expected
that mixed GPA teams would do better than lower GPA
teams based on their overall performance prior to start of
the course, they performed similarly to lower GPA teams
which had more females.
As we evaluated CATME criteria, we felt that the
results from students’ peer evaluations may be due to the
fact that they prepared for classes and interacted well;
however, they still struggled keeping each other on task
and contributing valuable information that helped their
team to succeed.
Based on all satisfaction questions, students in lower
GPA teams were overall more satisfied with their team
members than their counterparts in higher or mixed GPA

teams. We suspect that lower GPA teams enjoyed working together because of less challenging environment,
while higher GPA teams were not held back by academically weaker students. The individual performance
(iRATs and exams) differed between the teams, with
higher GPA teams earning half a letter grade more than
lower GPA teams. Similar to previous research on team
task performance;4 however, all the teams performed well
on tRATs. Scores were very close to each other despite
statistically significant difference between higher GPA
and other teams. The literature recommends putting students in mixed teams.5 We were surprised to discover that
mixed GPA teams performed similarly to lower GPA
teams in team assessments; however, they were less satisfied than the lower GPA teams. This made the experience in mixed GPA teams less preferable from both
perspectives.
We initially theorized that the effect of teamwork
will only influence team performance (tRATs); however,
recent research shows that students placed in weaker
teams perform lower even on individual assessments
(iRATs).34 This suggests that team dynamics has a bigger
effect on individuals. We wonder if higher performing
teams have richer discussions during their time together
and as a result they are better prepared for future assessments. Some faculty might argue that placing students in
5
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weaker teams sets them up for lower performance from
the start.
However, we did not observe this phenomenon in our
study because students within the same GPA range performed similarly on iRATs and exams independently of
their team assignment. Also, higher performing students
in mixed teams ended up at a slight disadvantage to their
counterparts in higher GPA teams due to a statistically but
not academically significant difference on tRAT grades –
97% versus 99%.
As expected, students in higher and lower GPA
teams reported they were more similar to each other in
terms of personality, intellectual ability, work ethic, work
style, their ability to bring out strengths, decrease weaknesses, complement each other, and resolve conflicts than
students in mixed GPA teams. Additionally, students in
higher and lower GPA teams reported that they got to
know each other better and liked having the same team
for the duration of the entire semester compared to those
in mixed GPA teams. We question if students in lower
GPA teams might be less competitive with each other, and
less likely to deliver criticism to team members than students in other teams, and as a result enjoyed the team
experience more. Students in higher GPA teams preferred
CATME team member allocation more than students in
lower and mixed GPA teams. We suspect that higher GPA
teams appreciated this breakdown because typical heterogeneous environments present them with more challenges
and possibly frustrations related to differences in team
member abilities/personalities. Having students work in
mixed teams, however, more closely resembles real-life
situations (from interprofessional education to multidisciplinary patient care teams). Skills learned from challenging situations are useful in developing long-term
success strategies for teamwork.
This course is mostly application-based in nature,
building on concepts previously taught in other courses
(pathophysiology, medicinal chemistry, pharmacology,
therapeutics). Based on our observation, students appear
to perform better academically in application-based
courses compared to those introducing new knowledge.
We wonder if team performance would look differently in
a less application-based course where new concepts are
introduced. This is the only course in our curriculum that
is delivered in a flipped/team-based learning approach. It
takes time for students to become comfortable with this
method, therefore thinking of ways to increase their overall satisfaction is of importance to us.
In order to prepare for peer-evaluations, CATME
provides students with an opportunity to participate
in a mock evaluation known as a Rater calibration activity. Based on our experience, we believe that the Rater

calibration activity is essential for developing a level of
comfort and understanding before moving on to real evaluations. We demonstrated this activity in class, and mandated that students complete it. Unfortunately, only half
(51%) of our students reported the Rater calibration activity was useful in understanding the setup of the peer
evaluation form, and even fewer (45%) in preparing them
on how to evaluate their own team members. The majority
of students (86%) reported that team members evaluated
them fairly. We question if this is the case, or if the students were just pleased with the peer-evaluation grade
they received. CATME peer-evaluations allow multiple team members to receive the maximum grade of 5.
This is a non-budgeted approach, and we wonder if peerevaluations and Rater calibration activity would have
been taken more seriously if a “budgeted” approach was
used where a total score is divided between team members
based on merit.12 Another software available on the
market allows for customizable, budgeted peer evaluation
that distributes a fixed number of points among participants. However, it lacks the ability to create student teams
based on predetermined criteria.35 We hope that in the
future that all these features will be integrated into one
product.
There is a trend in our program of having students
involved in teamwork in multiple courses, therefore our
immediate areas of attention are student frustration in
terms of personality suitability and team meeting times.
An area for future consideration is to introduce students to
various personality inventories earlier in the curriculum
helping them with personal self-awareness and providing
them with additional tools for team success. Placing students in the same teams as they take different courses
during the same academic year might help to address time
management concerns. To accomplish this task with
a large class size, our faculty and the university registrar
are exploring better ways to collaborate to enhance overall satisfaction for the next cohort of students.
This research has some limitations. It was performed
in one school of pharmacy and the results cannot be extrapolated to other schools. Students received bonus
points for completing the survey. Another possible limitation of this study is the difficulty of extrapolating the
instructional method to other types of courses. The study
was conducted in a single course in the curriculum, and
this was the first time we utilized this strategy for team
formation.

CONCLUSION
Based on our observations of teamwork in a large
application-based course, students’ performance correlates with their previous GPA. Academically stronger
6
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students in mixed GPA teams appear to be at a slight
disadvantage in terms of teamwork (tRAT) grade compared to similar students in higher GPA teams. There
seems to be no difference in team performance for academically weaker students in lower GPA vs. mixed GPA
teams. However, students in lower GPA teams are more
satisfied with elements of teamwork. This makes teamwork in mixed GPA teams less preferable from both perspectives (performance and satisfaction).
When faculty are experimenting with new pedagogy
and content delivery mechanisms in their courses, placing
students in homogeneous teams can increase student
teamwork satisfaction and possibly enhance overall
course and learning satisfaction.
To help with our unanswered questions, future research may further focus on the effect of team academic
ranking on students’ individual performance, exploration of academically homogeneous versus heterogeneous
teams in non-application based courses, and effects of
budgeted versus non-budgeted peer-evaluations on students’ contributions to teamwork.
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