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Team-based learning (TBL) is a special form of collaborative 
learning that involves the use of permanent working teams 
throughout the semester.  In this highly structured and 
interactive teaching method, students perform preparatory 
activities outside of class to gain factual knowledge and 
understand basic concepts.  In class, students collaborate 
with peers to apply content, analyze findings, and 
synthesize new ideas.  To better understand the learning 
outcomes specific to TBL courses, we analyzed end-of-
semester course evaluations from an undergraduate 
neuroscience course taught using either a moderate 

structure active learning or TBL format.  Our analysis reveals 
that the TBL taught classes had significantly higher levels of 
self-reported learning in the areas of gaining, understanding, 
and synthesizing knowledge.  We propose that these gains 
are driven by the TBL readiness assurance process and 
peer evaluations.  Both of these structural components are 
expected to increase student accountability, motivation, and 
engagement with course content. 
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Classes that implement active learning have shown 
increases in student learning, as well as lower failure rates 
across undergraduate science, technology, engineering, 
and mathematics (STEM) disciplines (Freeman et al., 2011; 
Haak et al., 2011; Eddy & Hogan, 2014; Freeman et al., 
2014).  Active learning activities come in many forms such 
as think-pair-share, small-group learning, muddiest point, 
minute papers, clicker questions, gallery walk, and jigsaw 
(Freeman et al., 2007; Tanner, 2013).  These practices 
share the goal of transitioning the classroom from a passive 
learning environment to one that is engaging and interactive 
(Bonwell & Eison, 1991).  In these dynamic classrooms, 
students may achieve deeper levels of learning by spending 
less in-class time on content transmission and more time 
applying knowledge. One commonly used active learning 
strategy is small-group learning, an evidence-based, 
collaborative teaching method with positive impacts on both 
student learning and attitudes (Johnson & Johnson, 1999; 
Springer et al., 1999; Kyndt et al., 2013).  There are many 
variations to small-group learning approaches: group size, 
rules, and structure vary.  In one type, cooperative learning, 
students can collaborate in informal pairs (e.g., think-pair-
share), formal groups lasting days to weeks, or base groups 
collaborating throughout an entire semester (Johnson & 
Johnson, 2009).  The two most essential elements for 
successful cooperative learning are positive 
interdependence and individual accountability. This is 
typically achieved by assigning well-defined roles to 
individual team members and providing feedback to 
individual members on their personal efforts (Johnson & 
Johnson, 1989, 1999). 
    Team-based learning (TBL) is another popular form of 
small-group learning (Michaelsen et al., 2004).  In TBL, 
students spend a significant amount of class time learning 

to apply their knowledge and solve complex problems 
together.  Here, students work in groups of 5-7, are not 
preassigned roles, and remain in the same team throughout 
the semester.  Assessment of learning follows a prescribed 
modular structure (Figure 1). The modules are designed to 
assess learning for each topic, ranging from the lower-order 
cognitive outcomes of remembering and understanding, to 
the higher-order cognitive outcomes of applying, analyzing, 
evaluating, and creating (Anderson & Krathwohl, 2000; 
Bloom, 1956).  
     The TBL module begins with the preparation phase  
(Michaelsen et al., 2004).  During this phase, students are 
responsible for completing assigned readings on their own, 
typically from the course textbook. Their goals are to self-
learn primarily basic, lower level concepts such as 
definitions and recalling information which are 
 

 
Figure 1.  Description of a Team-Based Learning Module. 
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taken from a set of learning objectives.  Knowledge of the 
learning objectives is assessed in the second stage, the 
Readiness Assurance (RA) (Figure 1 and see Appendix 1 
for examples).  This is a formative assessment comprised of 
multiple-choice questions (Michaelsen et al., 2004), which 
vary in difficulty level, ranging from simple recall to 
application.  In order to hold students accountable for their 
preparation, they first take this RA individually (iRA).  
Immediately afterwards, without knowing the answers, 
students retake the RA as a team (tRA).  The diverse 
knowledge and perspectives are pooled from all team 
members.  As a result, teams consistently outperform 
individuals.  Teams receive feedback on their tRA answers 
immediately, which are made available by the instructor.  
The discrepancies in their answers reveal the most 
challenging concepts for students and become the main 
focus for a detailed class discussion in a short “mini-lecture”.  
    Following the RA process, students begin the team 
application activities (Figure 1) (Michaelsen et al., 2004).  At 
this point, students work with their teammates on activities 
designed to enhance higher-order cognitive outcomes 
(Haidet et al., 2014).  After each discussion question, teams 
report out to the class their responses, which gives students 
the opportunity to engage with other teams.  The consistent 
feedback received by students throughout each module 
reveals each student’s competency and provides positive 
reinforcement to motivate students for learning. 
   While the design of a TBL course is thought to provide a 
strong motivational framework to promote learning, it 
remains unclear how students perceive their learning 
outcomes when compared to other instructional methods. If 
differences exist, it would be valuable to identify which 
taxonomic level of cognitive learning outcomes are 
influenced.  A recent meta-analysis of 17 studies reported a 
moderate mean effect size of 0.55 for gaining content 
knowledge with TBL compared to lecture-based learning 
(Swanson et al., 2019).  A number of possible explanations 
for these learning gains can be proposed.   
     First, the design of TBL is strongly supported by 
educational theories that social interaction and collaboration 
allow us to reach our full potential as learners (Vygotsky, 
1978; Sibley & Ostafichuk, 2014).  This social learning may 
also help generate positive emotions by building an 
interconnected community of learners (Cavanagh, 2016).  
Second, the structure of a TBL class provides students with 
distributed practice and immediate feedback, as well as 
increased accountability and motivation to learn (Phelps, 
2012; Stephens et al., 2012; Dunlosky et al., 2013; Butler et 
al., 2014; Eddy & Hogan, 2014; Cavanagh, 2016; Swanson 
et al., 2019).  Furthermore, given the large percentage of 
classroom time dedicated to applying new learning in a TBL 
course, students would be expected to achieve greater 
mastery of the higher order cognitive outcomes.  Indeed, 
several studies have reported such higher order 
improvement with TBL when compared to lecture style 
classes (Kolluru et al., 2012; Ghorbani et al., 2014; Johnson 
et al., 2014). 
     The distributed practice and motivational framework 
used in TBL are likely to be the key elements that drive the 
learning gains.  However, non-TBL courses with moderate 

to high structure also take advantage of spaced practice and 
engaging classroom activities that would help motivate 
students to learn (Freeman et al., 2014; Eddy & Hogan, 
2014).  These courses are characterized by frequent in-
class engagement (moderate structure: students speaking 
15 - 40% of course time; high structure: students speaking 
> 40% of course time), as well as the use of graded review 
assignments and/or graded preparatory assignments 
(Freeman et al., 2011, Eddy & Hogan, 2014).  Not 
surprisingly, these active learning courses are also highly 
effective in driving learning gains and mastery of higher-
order cognitive skills (Haukoos, 1983; Martin et al., 2007; 
Cordray et al., 2009; Jensen & Lawson, 2011; Eddy & 
Hogan, 2014).  Additionally, high structure active learning 
courses have been shown to outperform moderate structure 
courses when looking at failure rates in introductory biology 
courses (Freeman et al., 2011), suggesting a correlation 
between student learning and the amount of classroom 
structure.   
    Both TBL and moderate to high structure active learning 
classrooms are designed to motivate students and provide 
ample opportunities to practice and engage with course 
content.  TBL, however, has some key structural features 
that may enhance learning further. First, students in TBL 
work in permanent teams throughout the semester, and 
evaluate their teammates at multiple times throughout the 
semester.  These required evaluations provide opportunities 
for students to provide and receive constructive feedback 
and are factored into the course grades (Michaelsen et al., 
2004).  This promotes individual accountability related to 
collaborative skills.  For example, a student can be scored 
low by teammates on poor attendance, preparation, or 
participation, which would negatively affect that student’s 
grade.  On the other hand, a student rated highly by 
teammates on being an active listener and effective 
contributor will gain a boost in their course grade.  The 
multiple opportunities for feedback from peers allow 
students to reflect and adjust behaviors.  
     Another key structural feature in TBL is the retrieval 
practice and distributed practice (Dunlosky et al., 2013), in 
the form of frequent individual formative assessments and 
team collaborations on graded in-class activities.  Failure to 
prepare for or attend these in-class learning opportunities 
could then negatively impact their scores and those of their 
teammates.  Taken together, the use of permanent teams, 
peer evaluations, and graded in-class assignments creates 
a high level of accountability that may motivate TBL students 
to a greater extent than what is typically achieved in the non-
TBL active learning classroom.   
     In this study, we asked how students perceive their 
learning of lower- and higher-order cognitive outcomes 
across these two classroom settings: moderate structure 
active learning and TBL.  While some evidence suggests 
greater benefits with TBL (Zingone et al., 2010), it remains 
unknown which taxonomical levels of learning may be 
affected.  To investigate this, we analyzed end-of-semester 
course evaluations from the same undergraduate 
neuroscience course taught by the same instructor over four 
semesters using either moderate structure active learning or 
TBL format.  We also addressed whether the same 
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instructor will yield consistent end-of-semester course 
evaluations across time.  Our results suggest that converting 
an active learning undergraduate neuroscience course to 
TBL improves student-perceived learning in both lower and 
higher order cognitive outcomes, effects which may be 
driven by the motivational framework unique to TBL 
courses.  
 
MATERIALS AND METHODS 
Study 1 - Comparison of Student-Perceived Learning in 
TBL and Active Learning Classrooms 
For this study, we analyzed past end-of-semester course 
evaluations for a single course (Cellular and Molecular 
Neurobiology, NEUROSCI 223), taught by the same 
instructor using either a moderate structure active learning 
or TBL format.  The classes were taught at a selective, 
private university in the southeastern United States.  Four 
semesters of data were analyzed (n = 34 student responses 
total); two TBL (summer 2018 and summer 2019, n = 22 
student responses) and two active learning (summer 2015 
and summer 2016, n = 12 student responses) (see Table 1).  
The single course used for this study is a graduation 
requirement for the undergraduate neuroscience major and 
can be counted as an elective for other STEM majors.  The 
students are typically a mix of sophomores, juniors, and 
seniors.  The instructor for these classes had four years of 
university teaching experience prior to the summer of 2015 
when the first class was taught.  Summer session courses 
meet five days per week for 75-minute class sessions over 
six weeks.  
 
Active learning course design 
The two active learning semesters used in this analysis 
(summer 2015 and summer 2016) had the characteristics of 
a moderate structure, active learning format.  Approximately 
33% of class time was used for student speaking and at 
least once per week, students completed graded, in-class 
problem sets that required them to review new material and 
apply their learning (Eddy & Hogan, 2014).  Specifically, 
students had 24 class meetings, eight of which involved in-

class problem sets that were interactive in nature and 
completed within small groups of 3-4 students.  The 
remaining 16 class periods were lecture based and, other 
than the occasional question directed at the instructor, were 
not interactive (8/24 = 33% Student Speaking).  Table 1 
shows the detailed characteristics of this course.   
 
TBL course design 
The two TBL semesters (summer 2018 and 2019) analyzed 
in this study incorporated all of the typical TBL design 
elements (Figure 1), which follow recommendations by 
Haidet and colleagues (Haidet et al., 2014).  For this TBL 
class, however, an additional component was included: a 
lecture that preceded the readiness assurance (RA).  
Student speaking accounted for approximately 47% of all 
class time (Table 1).  During a given TBL module (225 
minutes), students were estimated to spend 105 out of 225 
minutes interacting with each other.  These interactions 
included conversations relevant to class content during 
application activities (75 minutes) and during the RA class 
period (30 minutes).  The seven core design elements used 
were: 1) team formation; 2) readiness assurance; 3) 
immediate feedback; 4) sequencing of solving problems in 
class; 5) the 4 S’s: same problem, significant problem, 
simultaneous reporting, specific choices; 6) incentive 
structure; and 7) peer review. 
   
(1) Team formation.  Each team consisted of 5-7 students. 

To best distribute resources evenly across teams, the 
following factors were considered: completion of upper-
level neuroscience courses, experience doing research, 
and/or comfort with knowledge of biology.  The goal was 
to maximize the cognitive diversity and experiences 
within and across teams.  Discussions within a team 
would ideally represent diverse perspectives. When the 
time came for teams to share their discussions with 
other teams, students were exposed to an additional 
range of perspectives. Students remained on the same 
team for the duration of the semester. 
 

 

 
Table 1.  Descriptions of the Active Learning and TBL Semesters for Study 1.  Su I = 1st summer session ; Su II = 2nd summer session; 
AL = active learning course; TBL = team-based learning course; meetings = number of class meetings per semester minus summative 
exam class periods and student presentations; lectures = number of class periods with a lecture (75 minutes in length); % student 
speaking = percent of class time in which students were speaking; #RA = number of graded readiness assurance formative quizzes; 
#APP = number of graded in-class application activities; #Exams = number of summative exams; #Group = number of class periods 
where students worked with teammates; GS = size of small learning groups; mini = 30-40 minute miniature lecture. 
 

Semester    Type      Size     Meetings     Lectures      % Student       #RA          #APPs         #Exams         #Group     GS 
                                              (-Exams)                            Speaking 

Su I 2015    AL      9    24              16                  33                  0    8                3                 8           3 

Su I 2016    AL      10    24              16                  33                  0              8                3                 8           3-4 

Su II 2018   TBL     10    27         8 (+8 mini)     47              8    8                2                  16          5 

Su II 2019   TBL     16    27         8 (+8 mini)     47              8    8                2                  16          5-6 
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(2) Readiness Assurance.  After an introductory lecture, a 

student’s fundamental knowledge of concepts was 
assessed. Performing well is an indication that they 
were ready to achieve higher-order cognitive outcomes, 
such as application or synthesis of concepts. After 
taking a readiness assurance assessment individually 
(iRA), a student retook the same assessment with their 
team (tRA). The results of the iRA are unknown when 
taking the tRA. This reinforced the opportunity for 
discussion within the group.  Both the iRA and tRA 
contributed significantly to the course grade.  Each RA 
consisted of approximately ten multiple choice 
questions, eight at Bloom’s recall and understand levels, 
and two at the Bloom’s level of apply (See Appendix 1). 
 

(3) Immediate feedback.  Upon selecting a response to a 
question during the tRA, the team received immediate 
feedback as to whether or not their selection was correct 
(Figure 1).  If a team disagreed with an answer, they had 
the option to submit an appeal that required references 
and an explanation for their argument. 
 

(4) Sequencing of solving problems in class.  After the 
readiness assurance phase, students moved to the 
Team Application Activities.  These assessments 
gauged higher-level cognitive outcomes by requiring 
application, evaluation and synthesis of concepts to 
solve problems.  Students worked on problems within 
their team.  After a decision had been made by every 
team, the instructor facilitated a discussion between 
teams.  This inter-team conversation took advantage of 
the diversity of perspectives from other teams. The 
solution to the problem was revealed during this class 
discussion. 

 
(5) 4 S’s: same problem, significant problem, simultaneous 

reporting, specific choices.  The team application 
activities were designed to require in-depth knowledge 
to solve a significant problem.  All teams were given the 
same problem to solve with the same specific choices 
from which to select, although, the option of an open-
ended response was sometimes made available.  After 
a limited time, all teams simultaneously reported their 
choices for every team to see.   

 
(6) Incentive structure.  At each point of assessment 

(individual and team readiness assurances, team 
application activities, and summative assessments) 
students were incentivized to prepare and to contribute 
to team learning.  Performing well on the iRA increased 
their chances of a better grade on the tRA; and doing 
well on both increased their chances of doing well on the 
team application activities.  This structure of 
engagement and regular feedback contributed to 
preparation for summative assessments.  Students 
were further incentivized because their peer’s review of 
them factored into their course grade. 

 
(7) Peer review.  Students evaluated each teammate on a 

number of measures related to preparation and 
collaboration.  Table 2 shows examples of evaluation 
statements (Koles Method) used across the classes in 
this study (Koles, 2010).  Evaluations were submitted in 
the middle and at the end of the semester.  Students did 
not know the identity of the evaluators and received the 
feedback shortly following the submissions, after the 
instructor reviewed them for any concerning input.  
Concerns were not observed in the classes investigated 
for this study.  In all of the courses analyzed in this study, 
peer evaluations were counted toward course grades 
(approximately 5%). 

   
Study 2 - Comparison of Student Course Evaluations 
across Semesters 
In this study, we sought to determine whether course 
evaluation scores varied over time for an instructor using the 
same instructional method.  The course analyzed was 
taught at a selective, private university in the southeastern 
United States.  A single, 300-level neuroscience seminar 
course (Neuroplasticity and Disease, NEUROSCI 353S) 
was chosen, with an enrollment cap of 18 students (Table 
3).  The students enrolled in this course were mostly 
undergraduate neuroscience majors in their senior year.  
The class counted as an elective toward graduation. Three 
semesters of data were analyzed (n = 45 student responses 
total). The course was taught in the spring semesters of 
2017 (n = 14 student responses), 2018 (n = 14 student 
responses), and 2019 (n = 17 student responses).  The 
same TBL method was used as described in Study 1.  
Students in this course were required to write a mock grant 
following the National Institutes of Health (NIH) format and 
present it to the class at the end of the semester.  A single 
instructor taught the course analyzed in this study, and he 
 

 
Table 2.  Peer evaluation questions used in the courses for 
Studies 1 and 2. 

Table 2. 
This teammate arrives on time, mentally prepared to be an 
engaged team member. 
This teammate demonstrates a good balance of active 
listening and making their own contribution. 
This teammate asks probing questions that contribute to the 
learning environment. 
This teammate shares information and their understanding of 
relevant course material. 
This teammate is well prepared for team activities and 
discussions. 

This teammate shows appropriate depth of knowledge. 

This teammate identifies limits of personal knowledge. 

This teammate is clear when explaining things to others. 

This teammate gives useful feedback to others. 

This teammate accepts useful feedback from others. 
This teammate is able to listen and understand what others 
are saying. 
This teammate shows respect for the opinions and feelings of 
others. 
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had 6 years of teaching experience prior to the spring of 
2017.  Spring semester courses met two times per week for 
75-minute class sessions over 14 weeks. 
 
Data collection and analysis for Studies 1 and 2 
This work was approved by the Duke University Institutional 
Review Board.  Data from end-of-semester student course 
evaluations were collected and provided by the Office of 
Assessment of Duke University, and made available to the 
instructors and researchers after grades were posted by the 
Registrar’s Office.  Undergraduate students in the above 
described courses (Tables 1 and 3) submitted anonymous 
optional course evaluations of their perceptions on a range 
of low- to high-level cognitive outcomes, course satisfaction, 
and classroom dynamics. Students were asked to rate their 
level of agreement with the following statements: 

1. This course helped me gain factual knowledge. 
2. This course helped me understand fundamental 

concepts and principles. 
3. This course helped me learn to apply knowledge, 

concepts, principles, or theories to a specific 
situation or problem.  

4. This course helped me learn to analyze ideas, 
arguments, and points of view. 

5. This course helped me learn to synthesize and 
integrate knowledge. 

6. This course helped me learn to conduct inquiry 
through methods of the field.  

7. This course helped me learn to evaluate the merits 
of ideas and competing claims. 

8. This course helped me to effectively communicate 
ideas orally.  

9. This course helped me to effectively communicate 
ideas in writing.  

10. Overall this course is (1-5): 
11. Overall this instructor is (1-5): 

 
Response options were on a Likert rating scale: 5 = strongly 
agree, 4 = agree, 3 = neutral, 2 = disagree, and 1 = strongly 
disagree; or NA = not applicable. Responses were analyzed 
using Kruskal-Wallis H or Mann Whitney U tests, performed 
in Microsoft Excel® and SPSS®.  
 
RESULTS 
Study 1 
TBL courses had significantly higher self-reported low-order 
and high-order cognitive outcomes compared to moderately 
structured active learning courses.  Student ratings for three 
of the perceived learning outcomes were significantly higher 
for students in the TBL classes compared to active learning 
semesters (Table 4). These learning outcomes were: (1) 
gaining factual knowledge; (2) understanding concepts; and 
(3) learning to synthesize. The first two are lower-order 
cognitive outcomes, and the last is higher-order. All other 
measures were not found to be significantly different.   
 
Study 2  
Student course evaluations are consistent between years 
for a single class taught by the same instructor.  We did not 
detect a significant difference between categories, except 

for overall course satisfaction (Table 5).  These results 
demonstrate that a specific teaching intervention by a given 
instructor can lead to reproducible course evaluation scores 
over a three-year time period. 
 
DISCUSSION 
Numerous studies have shown that TBL, a highly structured 
collaborative format, improves student learning when 
compared to the low structured lecture format (Nieder et al., 
2005; Letassy et al., 2008; Chung et al., 2009; Conway et 
al., 2010; Koles et al., 2010; Tan et al., 2011; Anwar et al., 
2012; Pollack et al., 2018; Swanson et al., 2019).  Building 
on these findings, our analyses reveal that students 
perceive greater learning when taught using TBL compared 
to a moderate structured active learning format.  Students in 
our TBL classes perceived greater learning along the 
hierarchy of Bloom’s taxonomy; specifically, gaining 
knowledge, understanding facts, and synthesizing 
knowledge (Table 4).  Furthermore, this teaching 
intervention can lead to reproduceable course evaluations 
when repeated for several years (Table 5).   Interestingly, 
previous work has shown that high structure active learning 
courses can decrease predicted failure rates compared to 
moderate structure active learning courses (Freeman et al., 
2011).  Based on the amount of classroom time that 
students speak in our TBL courses (47%) and the number 
of weekly graded in-class assessments, we would 
characterize TBL as one form of high structure active 
learning (Eddy & Hogan, 2014).  What contributes to these 
perceived learning gains in TBL may be attributed to several 
structural components, all of which hinge on team dynamics 
and motivation, as well as the frequency of interaction and 
feedback.  Below we discuss these structural components 
and their potential effects on learning in more detail. 
     The first structural component of TBL that would be 
predicted to increase student learning is practice.  In TBL, 
students have numerous opportunities to practice during a 
module and throughout the semester, as well as individually 
and with teammates.  Importantly, retrieval practice and 
distributed practice are known approaches to improve 
student learning (Dunlosky et al., 2013).  While moderate 
structure active learning classrooms also make use of 
distributed practice with formative assessments (e.g., 
graded review assignments and/or preparatory work), 
including the active learning courses in this study, the lack 
of pressure to perform well with a permanent set of 
teammates may reduce motivation.  Interestingly, the use of 
permanent teams in TBL has been proposed to cause a “test 
motivation” effect, as there is pressure for students to 
perform well in front of their peers (Swanson et al., 2019) 
Furthermore, the use of peer evaluations throughout the 
semester would also help hold students accountable for 
their learning, attendance, and collaborative efforts.  In 
these anonymous evaluations, students share perspectives 
on one another’s contributions to the learning environment.  
These help to hold students accountable for their 
cooperative learning skills, self- directed learning behaviors, 
and interpersonal skills; characteristics that impact team 
dynamics and success  (Table 2) (Sibley & Ostafichuk, 
2014).  Also, students evaluate themselves on the same  
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Table 3.  Description of TBL semesters for Study 2.  Sp = Spring; TBL = team-based learning course; meetings = number of class 
meetings per semester minus summative exam class periods and student presentations; lectures = number of class periods with a 
lecture; % student speaking = percent of class time in which students were speaking; #RA = number of readiness assurance formative 
quizzes; #APP = number of in-class application activities; #Exams = number of summative exams; #Group = number of class periods 
where students worked with teammates; GS = size of small learning groups; mini = 30-40 minute lecture. 
 
 

   Active Learning  Team-Based Learning 

   n mean SD  n mean SD (U), p value Effect Size (r) 

Gain knowledge 11 4.36 0.67  22 4.95 0.21 (60.00), 0.001    0.57 
Understand  11 4.18 0.60  22 4.91 0.29 (43.00), 0.000    0.65  
Apply   11 4.27 0.65  22 4.68 0.57 (77.50), 0.054    0.33 
Analyze   11 3.82 0.87  20 4.00 0.84 (97.50), 0.579    0.10 
Synthesize  11 4.00 0.89  22 4.64 0.49 (73.50), 0.042    0.35 
Inquire   11 4.45 0.52  22 4.36 0.79 (120.0), 0.996    0.01 
Evaluate  10 3.90 0.88  20 3.85 0.86 (98.50), 0.944    0.01 
Oral expression  11 3.91 1.22  22 4.00 0.98 (120.0), 0.968    0.01 
Written expression 11 3.55 0.69  20 3.30 1.03 (88.00), 0.324    0.18 
Overall Course  12 4.75 0.62  22 4.82 0.50 (127.5), 0.792    0.04 
Overall Instructor 12 4.75 0.62  22 4.86 0.35 (126.5), 0.747    0.06 

 
Table 4. Descriptive Statistics for Study 1.  n = total number of student responses for each question; SD = standard deviation.  See 
methods section for a detailed description of learning outcome questions used on the end-of-semester course evaluations.  Mann U 
Whitney tests were used to compare means between groups.  P values and effect sizes (r = (Z /√n), 0.10 = small, 0.30 = moderate, and 
0.50 = large) are shown for each category.  Bold categories were statistically significantly different between the active learning and TBL 
classes. 
 
 

 
Table 5.  Descriptive Statistics for Study 2.  n = total number of student responses for each question; SD = standard deviation.  Kruskal-
Wallis tests did not reveal a significant difference for any category, except overall course satisfaction (H(6.11), p = 0.047).   

Semester    Type      Size     Meetings     Lectures      % Student       #RA          #APPs         #Exams         
#Group     GS 
                                              (-Exams)                            Speaking 
Sp 2017    TBL      16    21              5 (+ 5 mini)     47                 5    7                2                12          5-6 

Sp 2018    TBL      18    21              6 (+6 mini)      47                 6              8                2                14          6 

Sp 2019    TBL       18    21         6 (+6 mini)      47              6    7                1                  13          6 

   TBL 2017      TBL 2018   TBL 2019                          (H), p value 

   n mean SD     n mean SD  n mean SD 

Gain knowledge  14 4.71 0.47    14 4.71 0.83  17 4.94 0.24        (2.81) 0.246 
Understand  14 4.57 0.51    14 4.57 0.85  17 4.82 0.39        (2.21) 0.331 
Apply   13 4.54 0.88    14 4.64 0.63  17 4.69 0.48        (0.23) 0.989 
Analyze   14 4.29 1.07    14 4.14 0.77  14 4.21 0.89        (0.61) 0.738 
Synthesize  14 4.57 0.85    14 4.57 0.65  17 4.59 0.51        (0.29) 0.866 
Inquire   14 4.64 0.50    14 4.71 0.49  15 4.67 0.62        (0.21) 0.902 
Evaluate  14 4.36 1.00    14 4.29 0.91  16 4.38 0.72        (0.24) 0.889 
Oral expression  14 4.64 0.50    14 4.50 0.85  17 4.65 0.49        (0.03) 0.984 
Written expression 14 4.50 0.65    14 4.57 0.65  17 4.88 0.33        (4.14) 0.126 
Overall Course  14 5.00 0.00    14 4.57 0.65  17 4.82 0.39        (6.11) 0.047 
Overall Instructor 14 5.00 0.00    14 4.79 0.58  17 5.00 0.00        (4.53) 0.104 
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metrics, which allow for self-reflection and comparison to 
others’ perceptions.  In our active learning semesters, the 
absence of the readiness assurance process and peer 
evaluations would be predicted to decrease individual 
accountability and student motivation, effects which may 
decrease attendance, studying outside of class, and 
participation in class.  Future work should be directed at 
measuring these behaviors in TBL and active learning 
classrooms. 
     A second factor that may contribute to the self-reported 
learning gains with TBL is the consistent use of immediate 
feedback, which has been shown to produce strong effects 
on student performance (Phelps, 2012).  After each tRA, 
students receive immediate question-level feedback.  In 
addition, elaborative feedback is provided during the mini-
lecture and each application activity.  Additionally, feedback 
comes from the intra-team discussions during in-class 
activities, further allowing students to solidify their 
knowledge.  In the moderate structure active learning class 
used in this study, feedback was not immediately given and 
not as frequent.  Typically, answers to application questions 
were posted after class and not discussed in class.  
Therefore, students may not have had as many 
opportunities to clarify misunderstandings and immediately 
correct mistakes in their logic.   
     A third factor contributing to the student-perceived 
learning gains may stem from their sense of community. In 
TBL, students are in permanent teams throughout the 
semester and they engage heavily in inter-team discussions 
that allow them to interact with all members of the class.  
Community building in the classroom is important to create 
a sense of belonging.  Social isolation and lack of belonging 
are cited as major reasons that students leave STEM majors 
(Hewlett et al., 2008; Cheryan et al., 2009; Strayhorn, 2011).  
Furthermore, the social classroom is thought to promote 
positive emotions that increase learning (Cavanagh, 2016) 
and exposure to the diverse views of a heterogenous team 
are also thought to contribute to TBL learning gains (Sibley 
& Ostafichuk, 2014).  The active learning classes analyzed 
in this study were comprised of fewer students per group, 
and because the class met less frequently, students had 
less opportunity for discussion than in the TBL classes.  This 
meant fewer interactions with peers for exchanging diverse 
ideas, synergizing motivations to learn, and experiencing 
the positive impacts of teamwork; all of which strengthen a 
sense of partnership and belonging. 
     Lastly, given that a large percentage of classroom time is 
dedicated to higher-order cognitive skills in TBL, it is not 
surprising that we detect high values of self-reported 
synthesis in TBL (Table 4).  This finding is consistent with 
studies in which students reported that TBL increased their 
critical thinking skills (Rania, Rebora, & Migliorini, 2015).  
While our active learning courses did utilize application 
activities during 33% of the semester, and multiple 
measures of higher order cognitive outcomes are not 
significantly different (Table 4), the TBL classes have 
significantly higher self-reported “synthesis” compared to 
active learning.  In active learning, the absence of readiness 
assurance assessments may have had negative impacts on 

higher-order thinking, given its important role in helping 
students to first consolidate lower order cognitive outcomes. 
 
Limitations 
Although we have discussed the advantages of group 
learning, there are a number of challenges associated with 
these collaborative approaches.  Given a lifetime of 
exposure to lecture-based courses, some students find 
collaborative learning challenging (Hillyard et., 2010).   Many 
students report negative past experiences with group work, 
which could impact their buy-in and experience of TBL.  
Even among students experienced with TBL, those who 
suffer from bullying, social isolation, and interpersonal 
problems may find the team-based approach unappealing 
which may affect their learning outcomes (Gillespie et al., 
2006a; Gillespie et al., 2006b).  Resentment toward 
disengaged teammates, distrust, and concerns over 
workload distribution can also impact perceptions (Liden, 
1985; Lizzio & Wilson, 2005; Micari & Pazos, 2014; 
Robinson et al., 2015).  While the peer evaluations and 
individual accountability can help lessen these problems, 
facilitators should closely monitor team dynamics during 
classroom activities to help mitigate problematic aspects of 
small group learning. 
     Another variable among team members is the knowledge 
they possess from previous coursework.  This can impact 
their perception of learning in the current course. Students 
enrolled in our classes met the prerequisites, including a 
gateway introductory course. However, level of mastery 
likely varies and can influence their perception of learning, 
as well as contribute to a positive or negative team 
experience.   
     Our measures of learning are based on self-report or 
perceived learning, and are not linked to class grades or 
performance on a summative exam.  Interestingly, a recent 
study found that students in an active learning class learn 
more, but perceived that they learned less (Deslauriers et 
al., 2019). Also, despite the higher grades in the active 
learning class, students reported enjoying learning more 
with lecture (Deslauriers et al., 2019).  We did not study the 
effects of using low structure lecture with our course content. 
However, there were no significant differences in 
evaluations for the overall course and instructor satisfaction 
between the moderate structure active learning classes and 
the high structure TBL classes. 
 
Future directions 
There are a number of remaining questions regarding the 
use of TBL. For example, do learning gains appear for all 
types of courses (e.g., small seminars, large lectures, and 
laboratory courses) and universities (e.g., public, private, 
community college, and highly selective)?  Which student 
populations are most positively impacted?  For active 
learning courses with moderate structure, first generation, 
female and underrepresented STEM students show the 
largest learning gains (Preszler, 2009; Haak et al., 2011; 
Stephens et al., 2012; Eddy & Hogan, 2014).  The increased 
learning gains for disadvantaged student populations are 
thought to stem from the increased motivation, self-efficacy, 
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and sense of belonging in active learning classrooms (van 
Wyk, 2012; Eddy & Hogan, 2014). However, not all student 
populations have been shown to benefit from active learning 
(van Wyk, 2012; Eddy & Hogan, 2014). Furthermore, a 
recent study found that black students receive lower peer 
evaluation scores in TBL classrooms, even when there is no 
corresponding decrease in course grades relative to their 
peers (Macke et al., 2019).  Therefore, it will be important to 
examine individual experiences and team dynamics on the 
impact of student learning, the sense of belonging, and 
overall course satisfaction. 

 
Significance 
In conclusion, our results demonstrate that converting an 
undergraduate neuroscience course from a moderate 
structure active learning class to a highly structured team-
based learning class may increase learning of both lower 
and higher-order cognitive outcomes.  Taken together, 
these findings confirm past studies that team-based learning 
is an effective teaching method, and this study offers 
additional insight into the impact on learning outcomes.   
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APPENDIX 1:  
EXAMPLE READINESS ASSURANCE 
QUESTIONS FROM TBL TAUGHT COURSES. 
 
Bloom’s level - Recall 
1. Binding of Ca2+ to which protein is important for synaptic 
vesicle fusion? 

A. Synaptotagmin 
B. Synapsin 
C. Clathrin 
D. Synaptobrevin 

 
Bloom’s level – Understand 
2. Chemical synapses 

A. work by allowing chemicals to flow passively 
through the gap junction pores from one neuron to 
another. 

B. never cause voltage changes on their postsynaptic 
target cells. 

C. require synaptic vesicles. 
D. are much faster than electrical synapses. 
E. are excitatory if they release positively charged ions 

into the synaptic cleft. 
 
Bloom’s level – Apply 
3. Organophosphate insecticides 
inhibit acetylcholinesterase activity at cholinergic 
synapses.  Which drug below would be expected to have 
similar effects on acetylcholine levels at 
cholinergic synapses? 

A. BoTX (cleaves SNARE proteins) 
B. tetrodotoxin (a sodium channel blocker) 
C. tetraethylammonium (a potassium channel blocker) 
D. phenylalkylamine (a calcium channel blocker) 
E. alpha-bungarotoxin (nAChR irreversible antagonist) 
F. nicotine (nAChR agonist) 

APPENDIX 2:  
EXAMPLE QUESTIONS FROM A TBL 
APPLICATION ACTIVITY 
 
Bloom’s level - Evaluate 
1. The authors of this paper mention that 2 of 11 green 
neurons were not connected to the nearest red-green 
neuron, based on paired recordings. From the options 
below, select all that could be true. 

A. The green neuron was connected to a different red-
green neuron, and that red-green neuron has now 
died. 

B. Due to the transient nature of synapses, the 
synaptic connection originally made by the green 
neuron onto the red-green neuron may have been 
lost over time. 

C. Autofluorescence from these neurons gives a green 
signal and appears similar to GFP expression, thus 
giving the appearance of an infected cell. 

D. DsRed expression ends after a few days, making 
identification of postsynaptic neurons very difficult. 

E. The green neuron is synaptically connected to a 
distant red-green neuron and not the neighboring 
red-green neuron in the field of view. 

F. If you assume that the gene gun transfected 
neurons do not always maintain or express all 3 
plasmids, it's possible that there are some TVA-
glycoprotein expressing neurons that lack DsRed. 

 
Bloom’s level - Synthesize 
2a.  With your teammates, go to the dry-erase board and 
draw an updated model for the organization of the olfactory 
system based on the findings from this paper.  Include mitral 
cells, granule cells, and cortical neurons.   
 
2b.  Design an experiment using monosynaptic tracing to 
determine if mitral cells converge onto cortical 
neurons.  Which cells will be transfected with which 
plasmids and which cells will be yellow or green? 
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