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ABSTRACT 

ANGELA AGOGO B.S. 

IMPLEMENTING TEAM-BASED LEARNING IN PRINCIPLES OF BIOLOGY TO 
DETERMINE EFFECTS ON STUDENTS’ CONTENT KNOWLEDGE, THINKING 

SKILLS, AND ATTITUDES ABOUT TEAMWORK 
 

DECEMBER 2015 

The purpose of this study was to introduce Team-Based Learning (TBL) to the 

Principles of Biology lecture section at Texas Woman’s University and to determine the 

effect of this teaching and learning method on students’ content knowledge, thinking 

skills, and attitudes about teamwork. Team-Based Learning is considered to be useful in 

engaging students to work together to solve problems and enhancing student learning and 

class participation. The overall goals for the introduction of Team-Based Learning were 

for students to learn and understand concepts and to be able to apply what they have 

learned to new situations using higher order thinking skills. To measure content 

knowledge, pre and post-test scores from previous semesters were compared with the 

experimental semester. Previous studies have reported that TBL implementation does not 

have an effect on content knowledge; the goal is to encourage teamwork and develop 

critical thinking skills. Team-Based Learning did not change students’ content   

knowledge as compared to prior semesters without TBL implementation. An analysis of 
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application exercises using Bloom’s Taxonomy was used to measure thinking skills. 

Team-Based Learning did have a positive effect on students’ thinking skills. Students 

were given a pre- and post-attitude survey to measure their attitudes towards teamwork. 

Although research studies report that students should have a positive attitude after 

experiencing TBL our study did not. Our research reported that students decreased in 

positivity towards teamwork after experiencing TBL. This study hopes to inform 

instructors the importance of Team-Based Learning and how it can be used as a teaching 

tool to promote content knowledge, thinking skills, and teamwork. Engaging students to 

work together to solve problems and enhancing student learning and class participation 

are the many benefits of TBL. 
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CHAPTER I 

INTRODUCTION 

In such a complex and rapidly changing world, the ability to think critically and 

make decisions based on logical reasoning is necessary for existence. Critical thinking is 

a cognitive practice that teachers should be promoting with students as an essential and 

necessary outcome of education. College education calls for students to think critically 

since they are being taught on an education level that requires higher order thinking skills 

(Sulaiman et al. 2008). Students are focusing more on learning information for their 

exam rather than learning the information in order to be more knowledgeable in future 

courses (Haave 2014). Team-Based Learning (TBL) promotes the opportunity for 

students to help each other grasp difficult concepts by evaluating different levels of 

content knowledge within the team (Slavin et al. 1995, Bahar-Ozvaris et al. 2006). Not 

only does TBL transform traditional learning, but it also helps to motivate attendance and 

to develop social skills and team cohesiveness (Michaelsen et al. 2004, Armstrong et al. 

2007, Carmichael 2009). This study aims to contribute to the ongoing discussion of 

whether the use of TBL has an effect on students’ cognitive abilities and how their 

cognitive thinking skills are being assessed.  

The teaching method of TBL originated with Larry Michaelsen in the late 1970s 

(Michaelsen et al. 2004).  Michaelsen’s pedagogical method of teaching was based on in-
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depth discussions pertaining to relevant case studies. Initially, his classes consisted of up 

to 40 students each; when the university changed policies his class enrollment went up to 

120 students (Sweet and Michaelsen 2012).  Michaelsen continued to use team activities 

and assessments to help his students grasp difficult concepts, enhance higher order 

thinking, and eliminate memorization (Sweet and Michaelsen 2012).   

Levels of Thinking: Bloom’s Taxonomy 
 

Critical thinking skills can be classified under two categories: high-order 

cognitive skills and lower-order cognitive skills. Habits such as memorization are 

considered to be lower-order cognitive skills (Crowe et al. 2008). Students often use 

memorization to receive a passing grade (Jensen et al. 2014). High-order cognitive skills 

require students to think critically and apply knowledge to new situations. When used 

exclusively, the process of passive and low-level learning inhibits the development of 

deep conceptual understanding and higher-order cognitive skills (Crowe et al. 2008).  

According to Freeman et al. (2007), one of the main reasons why there is such a 

high failure rate for introductory science courses is because for the first time students are 

taking exams that require them to answer higher level “Bloom based” questions. “Bloom- 

based” questions are a result of incorporating the philosophies of Bloom’s taxonomy on 

an exam. Bloom’s taxonomy is a classification of desired learning objectives categorized 

into six levels according to thinking patterns (Bloom 1984, Anderson et al. 2005, Jensen 

2014).  The six levels in ascending order are: knowledge, comprehension, application, 
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analysis, synthesis, and evaluation (Bloom et al. 1956). The levels of learning 

objectives were designed to gradually build higher order cognitive skills by moving up 

each level. 

Since 1956, the six levels of Bloom’s taxonomy have evolved to: remember, 

understand, apply, analyze, evaluate, and create (Zoller 1993, Crowe et al. 2008, 

Jensen 2014). Remember and understand are levels were an individual can master an 

objective by using lower-cognitive skills such as memorization (Zoller 1993, Crowe et al. 

2008, Jensen 2014). Apply is considered to be the intermediate level that initiates the 

requirement of higher order cognitive skills. Analyze and evaluate build the strength of 

the higher order cognitive skills resulting in the individual’s ability to take a situation and 

create a new solution.  

Team formation, student accountability, assignments that promote learning and 

development, and the provision of frequent and immediate feedback are considered to be 

the four key principles for implementing TBL (Michaelsen et al. 2004). The TBL cycle 

consists of five events: advanced preparation, team formation, readiness assurance, team 

application exercise, and peer evaluation (Michaelsen et al. 2004, Parmelee et al. 2009). 

Team formation is a critical event in the TBL cycle. The size of each team should be 

taken into consideration and all teams should be diverse and permanent. Diversifying the 

team allows students an opportunity to use the knowledge gained to explain the concept 

to another team member in a way that the instructor could not. A team that only has 

students of the same level would not be effective in the peer learning process. To avoid 
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creating social circles, students should not select their team members (Michaelsen et al. 

2004, Metoyer et al. 2014). Team members should be strategically selected by the 

instructor.  

The step leading to the TBL application is the preparation phase known as 

readiness assurance (Michaelsen et al. 2004). Readiness assurance is an assessment of the 

knowledge obtained through the pre-class preparation assignment. During the preparation 

phase students are assigned a task to be completed before the next class session. Pre-class 

preparation assignments may include applications such as watching videos, reading in the 

textbook, or studying instructor provided notes (Michaelsen et al. 2004). An Individual 

Readiness Assessment Test (IRAT) is given at the start of the class to each student; the 

Team Readiness Assessment Test (TRAT) is given to generate a team score. The IRAT 

and the TRAT contain the same multiple choice questions based on the pre-class 

preparation assignment.  

An important element of readiness assurance is to provide the teams with 

feedback. To provide immediate feedback, teams can use an Immediate Feedback 

Assessment Technique (IF-AT scratch off card) to record their TRAT answers 

(Carmichael 2009, Metoyer et al. 2014). The grading score is based on how many 

attempts a team has taken to answer the questions correctly. If the answer is correct on 

the first attempt, the team will receive full credit. If there is more than one attempt to 

answer a question correctly, there is a reduction in credit for each attempt. Once graded, 

if any team believes a question was scored incorrectly, they are provided with an 
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opportunity to appeal their answer.  During the appeal process students can submit a 

written appeal using reference material to support their answer (Michaelsen et al. 2004). 

After the students are given the opportunity to appeal, the instructor provides a clarifying 

lecture for the students.  

According to Michaelsen et al. 2004, providing frequent and immediate feedback 

is considered to be one of the four key principles for implementing TBL. This principle is 

focused around student involvement, and the purpose is for the instructor to clear up any 

inquiries or misunderstandings (Petonito 1991, Kearney and Beazley 1991, Boghossian 

2006). Feedback from the instructor may consist of classroom discussions, surveys, show 

of hands, or clicker questions where the instructor has the opportunity to correct any 

misconceptions about the material (Mazur 1997).  

Once the readiness assurance preparation phase has been completed, the team is 

given an application exercise to complete. Team-Based Learning activities are designed 

for students to apply critical thinking skills to solve problems. This application exercise 

should not only challenge the team to use their critical thinking skills but also to promote 

team cohesiveness through team discussions (Michaelsen et al. 2004). An effective team 

application assignment should have the following four criteria, also referred to as the “4 

S’s”:  

(1) Each team should work on a significant problem. 

(2) Each team should have to solve the same problem. 

(3) Each team must choose a specific answer. 
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(4) All teams must submit their results simultaneously (Michaelsen et al. 2004). 

In order to promote discussion within and among other teams, all teams have the 

same problem to solve. The team discussion is used to encourage verbal student 

interaction by allowing students to challenge and defend each other’s ability to think 

critically. The end result should include the students on the given team coming up with a 

universal consensus after successfully completing the activity. All teams should submit 

their results at the same time to avoid having teams change their answers based on the 

majority’s opinion.  

 After all teams have submitted their answers, the inter-team discussion may 

begin. The discussion should be focused around student involvement, and the instructor 

plays the role of facilitator. During this period, students are given the opportunity to 

discuss what decision was made with the entire class. Students get to hear the rationales 

from other students who had a different opinion.  

The final stage of TBL is a peer evaluation. This evaluation is based on the 

relationship between team members and their levels of trust and accountability (Haave 

2014). The purpose of the evaluation is to improve cohesiveness within the team (Sweet 

and Michaelsen 2012). Michaelsen et al. 2004 states that if teamwork is included in 

students’ course grades then peer evaluation should be calculated into the grade as an 

individual component or a percentage multiplier.  

Team-Based Learning is considered to be very useful in engaging students to 

work together to solve problems and enhancing student learning and class participation 
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(Carmichael 2009; Michaelsen et al. 2004). Although traditional lecturing is the most 

efficient way to relay information to students, this method does not help the instructor 

identify any confusion or misinterpretation amongst the students (Armstrong et al. 2007). 

Active learning is a tool used to improve learning by using in-class student participation 

activities that promote problem solving using critical thinking, data analysis, and content 

knowledge (Belcadhi et al. 2014, Carmichael 2009, Freeman et al. 2007). Cooperative 

learning, electronic response devices, peer teaching, and TBL are examples of active 

learning used in college classrooms today (Carmichael 2009, Freeman et al. 2007). 

According to Michaelsen et al. 2004, team formation is one of the main concepts of TBL, 

and is essential for creating an active learning environment. 

There are different ways to use active learning as a teaching tool to promote 

teamwork in order to reach a common goal. The use of active learning techniques such as 

TBL, in a large classroom, allows students to identify their level of metacognition by 

helping others to understand the material. The social interaction between students, within 

their teams, can be a catalyst for learning opportunities (Crowe et al. 2008, Jensen and 

Lawson 2011). Instructors teaching difficult concepts who do not want to stray from the 

formal lecturing technique will ask questions instead of just giving the answer to a 

problem to implement a small intervention of active learning opportunities. 

Formal lecturing in a college classroom is a tradition that can be traced back to a 

time when textbooks were not available for students to read and study (Virtanen et al. 

2013). Instructors who teach large classrooms face the challenge of helping each student 
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understand the material, without having the ability to provide individual attention 

(Armstrong et al. 2007).  It is very common for the teacher to use presentation tools such 

as Microsoft PowerPoint and Prezi to help deliver a lecture. When implementing TBL in 

a classroom, the responsibility of learning core concepts shifts from lectures provided by 

the teacher to pre-class preparation assignments given to the students (Sweet and 

Michaelsen 2012). 

Active learning tools, such as TBL, used in the classroom have been considered to 

be an effective teaching tool to promote higher order thinking and content knowledge 

(Armstrong et al. 2007, Carmichael 2009). Students experience a deeper level of learning 

through discussions based on different viewpoints and understandings of course material 

(Sweet and Michaelsen 2012, Haave 2014). TBL serves as a platform for challenging 

students’ abilities to understand and become more knowledgeable (Bye et al. 2007, 

Froiland et al. 2012).  

Rationale and Objective 
 

The purpose of this study was to introduce TBL to Principles of Biology lecture 

section at Texas Woman’s University (TWU) and to determine the effect of this teaching 

and learning method on students’ content knowledge, thinking skills, and attitudes about 

teamwork. The hypotheses of this study were: 1.Team-Based Learning would have a 

positive effect on students’ thinking skills, 2.Team-Based Learning would not change 

students’ content knowledge as compared to prior semesters without Team-Based 
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Learning, and 3.Students would have a significantly more positive attitude about 

teamwork after experiencing TBL. 
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CHAPTER II 

MATERIALS AND METHODS 

The participants in this IRB-approved study were students enrolled in the Fall 2014 

lecture section of Principles of Biology at Texas Woman’s University (TWU) Denton 

Campus. During the first class meeting students were invited to participate in the study and 

were given a “Script for Research Study Recruitment” to read (Appendix A). This script 

explained the purpose and rationale for the study and was also made available online for 

students to view at any time during the semester. Students were informed that their 

participation was voluntary and they could withdraw from the study at any time. Students 

were also informed that their participation or lack of participation in the study would have 

no effect on their grade in the course. Students who chose to participate in the study signed 

a consent form (Appendix B), that was given during the first day of class. Students who 

did not sign the consent form were eliminated from the study. Participation in the study 

allowed the anonymous use of pre- and post-survey data and analysis of course artifacts 

such as pre-test grades, individual and team quizzes, application exercises, and cumulative 

final exam grades. Student identities were removed from pre- and post-tests, and 

application exercises before analysis. Analysis of student grades on the pre- and post-tests, 

and application exercises for the research study took place after grades had been posted and 

the semester had ended.  
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Attitude: Attitude Survey 

  
 The pre- and post- Team-Based Learning Attitude Survey was given to the consenting 

students to complete online using www.Psychdata.com. Each survey contained nineteen 

questions about teamwork and three demographic questions. The demographic questions 

asked students if their major was related to science, the number of science courses they had 

taken, and their academic classification as a student. The demographic data were 

summarized based on the results. 

 The teamwork questions for this survey were from the published survey by Parmelee et 

al. (2009). This survey required less than one hour to complete and was made available to 

students during the first week of school. The post-attitude survey was made available for 

students online the final week of class. Students that participated in the study used 

computers outside of the class using anonymous codes. These anonymous codes were used 

to ensure that the researcher would not be able to identify a particular individual. The 

questions were based on a 1-4 Likert scale: 1= strongly disagree and 4= strongly agree. 

Unlike the pre-survey, the post-survey included one free-response question which asked 

students to respond to following question: “Please, comment on how your attitude toward 

working in teams has changed as a result of participating in this class.” Free- response 

questions were analyzed to determine whether comments were positive or negative. Data 

were analyzed using statistical analysis software to determine significant effects based on 

proposed hypotheses. Students who did not participate in both pre- and post-attitude 

survey were eliminated from the analysis. To determine a significant difference in 
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attitude, a t-test comparing two samples assuming equal variance was performed 

comparing each question. This analysis identified if there was a significant positive or 

negative change in students’ attitudes towards working in teams. 

Content Knowledge: Pre-and Post-test  
 

 Data from the previous five semesters were used to compare change in content 

knowledge. The purpose of this analysis was to determine if there was a significant 

difference between semesters that have TBL implementation compared to a semester with 

TBL implementation. All semesters were conducted under the same instructor using the 

same curricula. There was a comparison of means, and a change of means, for each pre-and 

post-test of the corresponding semester. A t-test comparing two samples assuming equal 

variance was used to specifically analyze if there was a significant difference between Fall 

2013 semester and Fall 2014 semester.  

Fall 2014 Pre-test 
 

As seen in Table 1, the pre-test, which was administered on the first day of class, 

contained 50 questions to determine the students’ level of content knowledge and thinking 

skills. Pre-test questions were completed as a normal part of the required course work 

assignments for all students and required no additional time by research study participants. 

The same questions were administered as an embedded part of the final exam for 

comparison. Before administering the pre-test, a team consisting of two biology faculty 
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evaluated each test question.  Test questions were rated on a scale from one to six based 

on the six levels of Bloom’s Taxonomy.   

Inter-rater reliability was measured to assure that both faculty members were in 

agreement. The joint probability of agreement was calculated by pairing the number of 

matches between the two raters. Paired matches received a score of one and unpaired 

matches received a score of zero. The percentage of matched pairs out of the total number 

of questions was calculated to determine the inter-rater reliability. The raters then 

discussed the questions that were not a paired match and came to a consensus in order to 

achieve 100% joint agreement.   

Fall 2014 Post-test 
 

The final examination included fifty of the pre-test questions to evaluate final 

content knowledge and thinking skills. Final exams were completed as a normal part of the 

required course work assignments for all students and required no additional time by 

research study participants. Students who did not participate in both pre-and post-tests 

were eliminated from the data analysis. A paired t-test comparing two samples for means 

was used to compare pre-and post-test overall achievement. Data from both pre-and post-

test data were used for comparison.  

All pre- and post-test scantrons were separately graded using a Scantron SSSP 

Test Scoring machine. This machine performed an item analysis for all fifty questions. 

The number of wrong responses, number of forms graded, and class average were 
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recorded. A spreadsheet was used to record the number of correct responses for each 

question. A percentage of the number of correct responses for each question was 

recorded. The questions were then ranked by levels of Bloom’s Taxonomy. All questions 

were separated by low level Bloom’s, rankings between 1-3, and higher level Bloom’s, 

rankings between 4-6.  

Team Formation 
 

All students participated in normal activities and assignments in Principles of 

Biology lecture section, including pre-class reading preparation, course lectures with 

guided notes, online homework, class participation via personal answer devices, individual 

and team quizzes. As a part of the curriculum, all students were assigned to strategically-

organized, heterogeneous permanent teams, consisting of eight people per team, in which 

they would complete in class application exercises together. The criteria for these teams 

were based on each student’s pre-test grade and their laboratory class section. Students 

who chose not to participate in the study were placed in teams together. 

Team-Based Learning Implementation 
 

The modified version of Team-Based Learning (TBL) was implemented in the 

Principles of Biology lecture section three times in the fall semester. The three TBL 

activities conducted throughout the semester focused on cancer, osmosis, and genetics. The 

components of TBL are advanced preparation, team formation, readiness assurance, team 
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application exercise, and peer evaluation (Michaelsen et al. 2004, Parmelee et al. 2009). 

For this study peer evaluation was not included. Application exercises were completed by 

teams during class and were evaluated based on a scoring rubric. Application exercises 

were completed as a normal part of the required course work assignments for all students 

and required no additional time by research study participants. Short answer and 

discussion questions used in each application exercise were rated by two faculty members 

on a scale from one to six based on the six levels of Bloom’s Taxonomy. Although short 

answer questions required less effort than the discussion questions, they were each 

counted as an individual question.   

Thinking Skills: Application Exercises 
 

The application exercises were obtained from a database of case studies found in 

the National Center for Case Study Teaching in Science (University at Buffalo 2015). 

These case studies were modified to align with objectives related to the course. The first 

TBL was “How cancer trial ended in betrayal”; this TBL was implemented during the 

second week of class. This was the introductory TBL that focused on the importance of the 

scientific method and the practice of ethical research.  The second TBL was “Water can 

kill”; this TBL was implemented during the eighth week of class. The learning objective 

for this TBL involved students understanding the process of osmosis at the cellular level 

and how it can affect tissues and organisms. The final TBL was “Living with her genes”; 

this TBL was implemented during the sixteenth week of class. The final chapter reviewed 
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in this course was genetics and this TBL focused primarily on gene expression and genetic 

inheritance.  

 A comparison of artifacts collected from the application exercises were compared 

for each team. This was a comparison over time of all three TBL activities. The purpose of 

reviewing the artifacts was to analyze if there was evidence of change over time in the 

students’ ability to use critical thinking skills. The comparison was based on how students 

were completing the written tasks given to them. Students were asked to answer discussion 

questions as well as illustrate figures that explained the main idea of the exercise.  

Principles of Biology Timeline for Fall 2014 
 

 Table 1 gives an overview of the timeline used for the Fall 2014 semester of 

Principles of Biology. The students were given the pre-test and pre- TBL attitude survey 

within the first week of the semester and the final TBL, post-TBL attitude survey, and the 

final exam were implemented the last two weeks of the class. The three TBL activities 

were dispersed throughout the semester along with the normal activities and assignments 

for the course. 
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Table 1: Fall 2014 Semester Timeline for Principles of Biology.  

Date Event 

First day of class  Introduction of Study 
 Distributed packet containing: 

o Script for Research Study 
Recruitment 

o Consent Form 
o Pre-Test (required by all 

students) 
First week of class  Pre- Team-Based Learning Attitude 

Survey made available for student 
access online 

Second week of class  Team Formation 
 TBL number 1: “How Cancer Trial 

Ended in Betrayal” 
Eighth week of class  TBL number 2: “Water Can Kill” 

Sixteenth week of class  TBL number 3: “Living with Her 
Genes” 

 Post- Team-Based Learning Attitude 
Survey made available for student 
access online 

Seventeenth week of class  Final Exam 

 
Note: Listed in chronological order are the specific events that occurred throughout the 
semester. 
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CHAPTER III 

RESULTS 

Attitude: Attitude Survey  
 

The class population consisted of 240 students.  Of the 240 students enrolled in 

the class, sixty-nine students participated in the pre-attitude survey, forty-one students 

participated in the post-attitude survey, and only seventeen students participated in both 

attitude surveys.  Only the seventeen students who participated in both attitude surveys 

were included in the analysis. Based on the demographic questions on the pre-survey, all 

seventeen student participants were academically classified as undergraduates; none were 

graduate students. According to the survey results, sixteen students claimed to be science 

majors; only one student was not a science major. Prior to taking Principles of Biology, 

twelve students stated they had taken 0-3 science courses, three students claimed to have 

taken 4-6 science courses, and two students had taken 7-9 science courses.  

The hypothesis for the study stated that students would have a positive attitude 

about teamwork after experiencing Team-Based Learning. To determine the change in 

attitude the mean of each question in both surveys was calculated and the difference of 

means was determined. The change in means between post-surveys and pre-surveys can 

be observed in Figure 1. 

 Analysis revealed that five questions showed an increase in attitude, 13 showed a 

decrease, and one question showed no change. A student’s t-test comparing two samples 
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assuming equal variance was conducted on nineteen questions comparing the pre-and 

post-attitude survey. Table 2 displays all nineteen questions and the p-value for each 

question’s change in means. In Table 2 the only question that showed a significant 

change (p= 0.0468) was question number 6, “I have found that teams help me learn 

course material more than if I just studied alone.”  Question number 10, “I have found 

that peer evaluation motivates me to work harder.” showed no difference in means.  

 

 
Fig. 1 Difference in Mean for Changes in Attitude.  
To determine the change in positive attitude the mean of each question in both surveys 
was calculated and the difference of the pre-and post-means. Only one question, number 
6, showed a significant decrease in positivity (p= 0.0468). (n=17 students) 

 

The post-survey included one free-response question which asked students to 

respond to the following question: “Please, comment on how your attitude toward working 
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were analyzed to determine whether comments were positive, negative, or neutral. Nine 

comments were reported to be positive, five comments were negative, and three comments 

were considered to be neutral. There were a total of seventeen consenting students, and 

only one student responded with the comment “N/A”. The Free-Response Comments are 

summarized in Table 3. 

Table 2: Nineteen Attitude Survey Questions and the Measured p-value for each Question  
 
Question 
number 

Question p-value Significant 
p-value 
(Y/NS) 

Difference 
mean 

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

0.4230 NS 0.0588235 

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

0.0756 NS 0.4705882 

3 In most of the teams I have been on, 
the team has worked well together 

0.2407 NS 0.1764705 

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

0.3581 NS -0.1176471 

5 I have found teamwork to be a 
productive use of course time 

0.3108 NS -0.1764706 

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

0.0468 Y -0.5882353 

7 I have learned more in courses where 
I have been a member of a team 

0.2112 NS -0.2941176 

8 I have found being part of a team 
improves my course grades 

0.1214 NS -0.4117647 

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

0.2639 NS -0.1764706 

10 I have found that peer evaluation 
motivates me to work harder 

0.4651 NS 0 

11 I have generally liked the use of peer 0.3744 NS 0.1764705 
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evaluation as part of my team 
experience 

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

0.1986 NS -0.4117647 

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

0.2819 NS -0.2352941 

14 I have found that teams make good 
decisions 

0.4068 NS -0.1176471 

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

0.1123 NS -0.4705882 

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

0.2368 NS -0.2941176 

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

0.2881 NS -0.2352941 

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

0.4163 NS -0.1176471 

19 I have found that working with a 
team has enhanced my sense of who I 
am 

0.2788 NS 0.1764705 

 
Note: To determine the change in positive attitude the mean of each question in both 
surveys was calculated and the difference of the pre-and post-means was recorded.  
(n=17 students) 
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Table 3: Classification of Free-response Comments for the Post-attitude Survey  
 

Classification Free-Response Comments 
+ “As long as I work with a team of thinkers, like those in my group for 

this class, the team can be successful at the assignment. However, when 
there are too many people trying to lead, or no one taking any initiative, 
teams usually either fail or put an undue amount of stress on a single 
person.” 

+ “I have learned that working in a team moves things a lot faster and I am 
able to get feedback from other classmates when it comes to reviewing 
quizzes and tests” 

+ “Working on group projects will be easier because of this class.  I really 
learned how to be flexible in working with others and to be more caring 
about other people's views.” 

+ “I have not worked for a team in any of my other classes but it was okay 
frustrating at times with the people in my group but eventually got better” 

+ “I enjoyed working in the teams because if I didn't understand something, 
I could have asked someone in my team”  

+ “I feel more cooperative.” 
+ “Made me socialize even more” 
+ “At first I did not like the concept of having team based learning due to 

the assumption that some teammates do not carry their weight. However, 
I learned that just because one team member falls does not mean that the 
entire team falls. We all have to build each other up as team members. 
When one falls we have to pick him or her up. The team based learning 
taught me how to be more of a leader and gave me critical thinking 
skills.” 

- “When trying to have group work in a class it is best to have a smaller 
class. I have never liked group work and still don’t because you always 
have the people who slack off and do nothing but still get the same grade 
as the people that did all the work” 

- “I feel it wasted a lot of time when in such a large class” 
- “The assignments were typically interesting, but one person does all of 

the work every time.” 
- “Working on a team was not all that bad, it was the confusion of what to 

do at first, how our grades were calculated, and how much it counted 
towards our grade that I believe made this team base experience not a 
good one at all.” 

- “The brain collaboration was great but the grading style made me not 
want to do the TBLs anymore.” 
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0 “My attitude toward working in teams has not changed whatsoever as a 
result of this class. The "team-based learning" was anything but--I 
learned everything in lab weeks before they were covered in lecture due 
to the TBL pushing chapters around.” 

0 “When a group is organized and does there [SIC] part then the 
assignment moves on very smoothly and becomes very easy to succeed.” 

0 “My attitude towards working in teams has not really changed much, I 
enjoy working in teams because it helps me understand the course 
material and it makes it clearer. Not only that but it really does help 
improve my grade due to the fact that everyone gets to speak and include 
their point of view which is very helpful because one person might 
understand one aspect better than another person. Working in teams helps 
in many ways and I really enjoy working in teams.” 

 “N/A” 
 
Note: The post-survey included one free-response question which asked students to 
respond to the following question: “Please, comment on how your attitude toward 
working in teams has changed as a result of participating in this class.” Free-response 
questions were analyzed to determine whether comments were positive, negative, or 
neutral.  (n=17 comments) 

 

Content Knowledge: Pre-and Post-test  
 

The hypothesis for this study stated that Team-Based Learning would not change 

students’ content knowledge as compared to prior semesters without Team-Based 

Learning implementation. Fig. 2 is a comparison of the means for the fall 2014 and the 

five semesters prior without TBL. Fig. 3 shows the change in means between semesters. 

Fall semesters are held in an auditorium therefore the class size is much bigger than the 

spring semesters where class is held in a smaller lecture hall. The previous fall semester 

was used for comparison because the average population of students enrolled is around 

the same amount. The t-test comparing two samples assuming equal variance comparison 
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of Fall 2013 semester without TBL implementation and the Fall 2014 implementation of 

TBL verifies that there is no significant difference (p=0.41) between semesters with or 

without TBL implementation in content knowledge.  

 
Fig. 2: Pre- and Post-test Comparison of Means Scores for Six Semesters.  
Pre-and post-test mean scores from five semesters with no TBL implementation was 
compared with the pre-and post-test means for the fall 2014 (experimental) semester with 
TBL implementation.*error bars represent ±1 SE*  
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Fig. 3: Pre-and Post-test Comparison of the Change in Mean Scores for Six Semesters.  
The change in pre-and post-test mean scores from five semesters with no TBL 
implementation was compared with the change in pre-and post-test means for the fall 
2014 (experimental) semester with TBL implementation.  

 

Pre- and Post-test: Overall Achievement 
 

The final exam administered included the 50 pre-test questions to evaluate final 

content knowledge and thinking skills. This is referred to as the post-test.  A paired t-test 

comparing two samples for means was used to verify that there was a significant 

difference (p= 5.73E-69) between pre- and post-test overall achievement. The mean score 

for the post-test is more than double the score for the pre-test. Fig.4 compares the mean 

of the number of questions students’ answered correctly on the pre-and post-test.  
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Fig. 4: Comparison of Mean Scores for Fall 2014 Students’ Pre-and Post-test Scores.  
A paired t-test comparing two samples for means was used to verify that there was a 
significant difference between pre- and post-test overall achievement.  
(n=176 students) (p=5.73E-69)*error bars represent ±1 SE* 
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ratings was verified through an inter-rater reliability method using the joint probability of 
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test comparing two samples for means showed a significant difference (p=0.006) when 

comparing the number of high level questions answered correctly on pre- and post-test.  

Table 5 summarizes the number of students that answered each question correctly 

on the pre- and post-test. As seen in Table 4 90% of the exam was rated low level 

Bloom’s and only 10% of the exam, was rated at the high level of Bloom’s Taxonomy. In 

Table 5, Question 22 produced the highest increase, a difference of 118, in the amount of 

people that answered correctly on the post-test. Question 22 was ranked at a Bloom’s 

level of one. Question 24 produced the lowest increase, a difference of five, in the 

amount of people that answered correctly. Question 24 is ranked at a Bloom’s level of 

one. Question 43 is the only question that produced a decrease in the amount of people 

that answered the question correctly on the post-test. Nine people answered that question 

correctly on the pre-test but did not answer the question correctly on the post-test. 

Question 43 is ranked at a Bloom’s level of three. 

 

Table 4: Pre- and Post-test Questions Classified by Bloom's Level (1-6) and the 
Percentage of each Level 
 

Bloom’s 
classification Bloom's 

level 

Bloom’s 
level 
count 

Bloom’s 
level % 

Bloom’s 
classification 

% 
 

Low 
1 23 46  

90 2 13 26 
3 9 18 

 
High 

4 2 4  
10 5 2 4 

6 1 2 
 Total 50 100 100 
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Note: Questions on the pre-test were rated based on the six levels of Bloom’s Taxonomy. 
The accuracy of the Bloom’s ratings was verified through an inter-rater reliability method 
using the joint probability of agreement procedure. 
 

Table 5: Categorization of Pre-and Post-test Questions Answered Correctly, Ranked by 
the Six Levels of Bloom's Taxonomy, and the Percentage of Change for each Questions 
used in the Fall 2014 Semester.  
 

  Pre- Test Post-Test  
Bloom's 
Levels 

Question 
number 

Number of students that 
answered the questions 

correctly 

Number of students that 
answered the questions 

correctly 

Change 

1 4 40 128 +50% 
1 6 70 119 +28% 
1 8 59 85 +15% 
1 9 65 134 +39% 
1 11 35 92 +32% 
1 12 83 143 +34% 
1 13 132 161 +16% 
1 19 118 156 +22% 
1 22 26 144 +67% 
1 23 47 144 +55% 
1 24 26 31 +3% 
1 25 43 101 +33% 
1 26 30 106 +43% 
1 27 29 112 +47% 
1 28 42 150 +61% 
1 30 43 157 +65% 
1 31 50 151 +57% 
1 33 32 77 +26% 
1 34 55 113 +33% 
1 36 55 98 +24% 
1 38 22 126 +59% 
1 39 54 127 +41% 
1 41 37 70 +19% 
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2 2 81 146 +37% 
2 3 40 128 +50% 
2 7 102 162 +34% 
2 10 75 148 +41% 
2 18 68 142 +42% 
2 20 91 148 +32% 
2 29 66 157 +52% 
2 35 48 120 +41% 
2 37 84 159 +43% 
2 40 129 161 +18% 
2 42 37 108 +40% 
2 49 96 139 +24% 
2 50 55 92 +21% 
3 1 54 100 +26% 
3 5 70 119 +28% 
3 15 64 99 +20% 
3 17 66 141 +43% 
3 43 102 93 -5% 
3 44 112 163 +29% 
3 45 27 114 +49% 
3 46 59 142 +47% 
3 48 128 158 +17% 
4 14 57 91 +19% 
4 21 37 122 +48% 
5 32 48 141 +53% 
5 47 63 131 +39% 
6 16 59 81 +13% 

 
Note: The number of students that answered each question correctly was calculated using 
a Scantron SSSP Test Scoring machine. To determine the change in the number of 
students that answered the questions correctly the difference in the number of students 
from each test was calculated. To determine percent change for each question the change 
in the number of students that answered the question correctly was divided by the total 
number of participants, (n=176 students).  
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Analysis of Application Exercises  

The hypotheses for this study stated that Team-Based Learning implementation 

will have a positive effect on students’ critical thinking skills.  During the semester three 

TBL activities were implemented in the classroom. The three chosen topics for the TBL 

activities focused on cancer, osmosis, and genetics. These case studies were modified to 

align with objectives related to the course. The purpose of reviewing the artifacts was to 

analyze if there was evidence of change over time in the students’ ability to use critical 

thinking skills. The comparison was based on how students were completing the written 

tasks given to them. Students were asked to answer discussion questions as well as 

illustrate figures that explained the main idea of the exercise.  

A comparison of TBL activities scores can be seen in Table 6 along with the 

numerical difference between scores made on the first and third activity. Four teams (3, 10, 

13, and 16) showed a decrease in comparison scores from the first and third TBL activity. 

These teams produced high quality work for the first and third TBL activities. Teams 3 

and 13 produced a perfect score of 50 points on the first TBL activity. Minor mistakes 

were found on the third TBL activity. Three teams (1, 11, and 23) were recorded to have 

no change in score. Teams 1, 11, and 23 received a perfect score of 50 on both activities. 

The remaining teams produced a change in scores. 

The paired t-test comparing two samples for means demonstrates that there is no 

significant difference (p=0.064482) between TBL activity 1 and 2. The paired t-test 

comparing two samples for means verifies that there is a significant difference 
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(p=0.0008) between TBL activity 2 and 3, and TBL activity 1 and 3 (p=0.000219). Fig. 5 

shows a comparison of the mean scores for the twenty four teams. As each activity was 

done through the semester the students’ scores increased.  

Table 6: Comparison of TBL Activities Scores Made by each Team and the Numerical 
Difference between Scores made on the First and Third Activity. 
 

Team 

TBL 
number 1 
(Cancer) 

TBL 
number 2 
(Osmosis)

TBL 
number 3 
(Genetics) Mean 

Difference 
TBL 1-TBL 3 

2 15 47 50 37.33 35 
20 20 44 50 38.00 30 
9 27 46 49 40.67 22 
19 30 41 47 39.33 17 
8 32 47 46 41.67 14 
14 36 45 50 43.67 14 
6 38 50 50 46.00 12 
22 37 28 48 37.67 11 
5 40 29 50 39.67 10 
17 40 48 49 45.67 9 
24 36 32 45 37.67 9 
7 40 46 48 44.67 8 
18 38 48 46 44.00 8 
12 40 49 46 45.00 6 
15 47 40 50 45.67 3 
4 48 49 50 49.00 2 
21 48 46 50 48.00 2 
1 50 50 50 50.00 0 
11 50 46 50 48.67 0 
23 40 28 40 36.00 0 
3 50 49 48 49.00 -2 
13 50 50 48 49.33 -2 
16 47 38 45 43.33 -2 
10 47 39 43 43.00 -4 
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Note: To determine the change in TBL scores the mean score for each team was 
calculated and the difference of the first and third TBL was recorded. 

 
Fig. 5: Team Mean Scores of the Three TBL Activities.  
Different letters on bars indicate significant differences. There is no significant difference 
between TBL activity 1 (cancer) and activity 2 (osmosis). There is a significant difference 
(p= 0.000808) between TBL activity 2 (osmosis) and activity 3 (genetics). There is also a 
significant difference (p= 0.000219) between TBL activity 1 (cancer) and activity 3 
(genetics). (n=24 teams) (α=0.05) *error bars represent ±1 SE* 

Item analysis of each case study based on levels of Bloom’s 
Short answer and discussion questions used in each application exercise were 

rated based on the six levels of Bloom’s Taxonomy. The accuracy of the Bloom’s ratings 

was verified through the inter-rater reliability method using the joint probability of 

agreement procedure. As seen in Tables 7-12, items from each case study were 

subdivided based on low level (1, 2, 3) and high level (4, 5, 6) Bloom’s. Recorded results 

included the Bloom’s level, the number of each categorized level (low and high), and the 

percentage of each level.  
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Table 7 and Table 8 reveals that in Case Study 1 there was 63.4% of low level 

Bloom’s, and only 36.4% of the questions were considered to be high level Bloom’s. Fig. 

6 demonstrates that over 36% of the Case Study 1 items were equivalent to Bloom’s level 

2. Table 9 and Table 10 reveals that in Case Study 2 there was 58.8% of low level 

Bloom’s. Out of seventeen questions, 41.2% were considered to be high level Bloom’s. 

Fig. 7 demonstrates that over 35% of the Case Study 2 items were equivalent to Bloom’s 

level 3. Table 11 and Table 12 reveals that in Case Study 3 there was a high percentage 

of low level Bloom’s. Seven out of the seventeen questions found in Case Study 3 were 

considered to be high level Bloom’s. Fig. 8 demonstrates that over 36% of the Case 

Study 3 items were equivalent to Bloom’s level 1.  

Fig. 9 is a summary of the Bloom’s levels in relation to each case study. To increase 

and challenge the students’ ability to complete the activities the number of items the students 

were required to answer increased in each activity. As the semester progressed the number of 

low level Blooms case study questions gradually decreased and the number of higher level 

Bloom’s questions increased. 

 

Table 7: Classification of Type of Question and the Bloom's Level for Case Study 1  

Case 1 

Item 
Bloom's 

Level 
Q1 1 
Q2 2 
Q3 2 
Q4 2 



 
 

34 
 

Q6 2 
Q5 3 

Data table 3 
Graph or Chart 4 

Conclusion 4 
Q7 5 

Supporting Paragraph 6 
 
Note: Each item on the Application Exercise 1: “How Cancer Trial Ended in Betrayal” 
was rated based on the six levels of Bloom’s Taxonomy. (n=11 items) 
 
 
Table 8: Classification of Low (1-3) and High (4-6) Level Bloom's and the Number of 
Questions for each Bloom’s Classification for Case Study 1 (n=11 items). 
 

Bloom's 
Level Count % 
1,2,3 7 63.6 
4,5,6 4 36.4 

 

 
Fig. 6: Case Study 1 Individual Percentage of Bloom Levels. 
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In Case Study 1 there was 63.6% of low level Bloom’s, and only 36.4% of the questions 
were considered to be high level Bloom’s. (n=11 items) 

 

Table 9: Classification of Type of Question and the Bloom's Level for Case Study 2  
 

Case 2 

Item 
Bloom's 

Level 
Q1 1 
Q13 1 
Q2 2 
Q4 2 
Q3 3 
Q5 3 
Q11 3 
Q12 3 

Drawing 1 3 
Drawing 2 3 

Q9 4 
Q10 4 
Q14 4 
Q8 5 

Supporting Paragraph 5 
Q6 6 
Q7 6 

 
Note: Each item on the Application Exercise 2: “Water Can Kill” was rated based on the 
six levels of Bloom’s Taxonomy. (n=17 items) 
 

 

Table 10: Classification of Low (1-3) and High (4-6) Level Bloom's and the Number of 
Questions for each Bloom’s Classification for Case Study 2 (n=17 items) 

Bloom's 
Level Count % 
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1,2,3 10 58.8 
4,5,6 7 41.2 

 

 

 
Fig. 7: Case Study 2 Individual Percentage of Bloom Levels. 
In Case Study 2 there was 58.8% of low level Bloom’s and 41.2% of high level Bloom’s. 
(n=17 items) 
 

 

Table 11: Classification of Type of Question and the Bloom's Level for Case Study 3  
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Q9b 1 

Q9c 1 

Q9d 1 

Q9e 1 

Q12q 1 

Q12b 1 

Q2d 2 

Q12c 2 

Problem 3a 3 

Problem 3b 3 

Problem 3c 3 

Problem 6a 3 

Problem 6b 3 

Problem 6c 3 

Q4a 4 

Q4b 4 

Q4c 4 

Q4d 4 

Q7a 4 

Q7b 4 

Q7c 4 

Q7d 4 

Q10a 4 

Q10b 4 

Q10c 4 

Q10d 4 

Q12d 5 

Q5 Decide and Explain 6 

Q8 Decide and Explain 6 

Q11 Decide and Explain 6 
 
Note: Each item on the Application Exercise 3: “Living with Her Genes” was rated based 
on the six levels of Bloom’s Taxonomy. (n=38 items) 
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Table 12: Classification of Low (1-3) and High (4-6) Level Bloom's and the Number of 
Questions for each Bloom’s Classification for Case Study 3 (n=38 items) 
 

Bloom's 
Level Count % 
1,2,3 22 57.9 
4,5,6 16 42.1 

 

 

 
Fig. 8: Case Study 1 Individual Percentage of Bloom Levels.  
In Case Study 3 there was 57.9% of low level Bloom’s and 42.1% of high level Bloom’s.  
(n=38 items) 
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Fig. 9: Overall Analysis of Bloom’s Classification for each Case Study Given throughout 
the Semester.  
As the semester progressed, the number of low level Blooms case study questions 
gradually started to decrease and the number of higher level Bloom’s questions started to 
increase.   
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CHAPTER IV 

DISCUSSION 

Attitude: Attitude Survey 

  
The hypothesis for the study stated that students would have a positive attitude 

about teamwork after experiencing Team-Based Learning. Seventeen students 

participated in a free-response comment used on the post-attitude survey. The hypothesis 

that students will have a significantly more positive attitude about teamwork after 

experiencing TBL was not supported. 

The 19 questions for this survey were provided by Parmelee et al. (2009), and are 

grouped by Parmelee into five separate categories: Overall Satisfaction with Team 

Experience, Team Impact on Quality of Learning, Satisfaction with Peer Evaluation, 

Team Impact on Clinical Reasoning Ability, and Professional Development. Although 

our study did not relate to clinical reasoning and professional development, the survey 

questions did relate to students’ thinking and social skills. Parmelee et al. (2009) 

produced significantly positive changes in each category, while our study only produced 

one question with a significant negative change.  

Participation aids in the discovery of how valuable the team experience can be 

(Parmelee et al. 2009). Question number 6 in the attitude survey focused on the teams’ 

impact on the quality of learning. Question number 6, “I have found that teams help me 



 
 

41 
 

learn course material more than if I just studied alone.” was the only question from the 

survey that showed a significant difference. There was a decrease in change of means 

when comparing pre- and post-attitude data. Previous studies have stated that when 

students were asked a similar question the pre- and post-data from the students’ attitudes 

produced a positive significant difference (Armstrong 2007, Leight et al. 2012, Elmore et 

al. 2014) 

If students already have a negative perception of team activities, factors such as 

time, facilitation, and clear instructions are very important in turning negative perception 

into a positive perception. In our study students went from a positive perception of 

teamwork to a less positive perception on teamwork. The decrease in the change of 

means for question number 6 could be a result of frustration due to lack of understanding 

the TBL process. This study was only conducted during one semester and only three TBL 

activities were given. Possibly if students had more practice their results on the pre- and 

post-attitude survey would have shown more significant data.   

According to Parmelee et al. (2009) a student’s participation in a team can change 

the attitude towards teamwork and help the individual become more open to the idea of 

team assignments. Questions 9-12 from the attitude survey measured satisfaction with 

peer evaluation. Question number 10, “I have found that peer evaluation motivates me to 

work harder” produced no change at all. Although Michaelsen et al. (2004) states that 

peer evaluation is an essential component of the TBL cycle, this study did not provide 
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students with the opportunity to give an evaluation of their team members. Therefore, 

those questions did not relate to our study.  

A common skepticism towards working in teams is the thought of uneven 

contributions to the team, which supports the fourth main principle of TBL, peer 

evaluation (Carmichael 2009, Michaelson et al. 2004). Peer evaluation has the potential 

to help the instructor create activities that can motivate students to participate, provide 

equal contribution, and promote team cohesiveness (Parmelee et al. 2009). Future 

research for this study will include modifying the team activities to include peer 

evaluation.   

The literature states that one of the greatest limitations is the lack of a consistent 

population when conducting a pre- and post-survey (Tan et al. 2011, Beckett 2014, 

Elmore et al. 2014). This was not a limitation in our pre- and post-attitude analysis 

because the same students participated in the pre- and post- attitude survey. Due to a lack 

of participation the sample size used for the attitude survey was too small; if there was a 

larger sample size the results would increase accuracy (Tan et al. 2011, Elmore et al. 

2014). To encourage participation the online survey could be made available to the 

students for a longer period of time.  

There were a total of seventeen students that chose to respond to the question: 

eight positive comments, five negative comments, three comments categorized as neutral, 

and one student chose to comment N/A, which could not be categorized. Positive 

comments were identified by students using vocabulary such as: better, build, caring, 
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cooperative, feedback, learned, socialize success, taught, and understand. Negative 

comments were identified by students using vocabulary such as: confusion, never, not 

want, and wasted. Certain comments made by students could not be identified as positive 

or negative comments were categorized as neutral. Two of the neutral comments used the 

terms “attitude has not changed”. The final comment could not be categorized as positive 

or negative. This comment stated “When a group is organized and does there [SIC] part 

then the assignment moves on very smoothly and becomes very easy to succeed.”  

The free-response questions did produce more positive comments, but they were 

very broad responses. For example, two students with positive attitudes said “I feel more 

cooperative.”, “Made me socialize even more”.  Carmichael (2009), in agreement with 

our study, noticed that students with negative comments were more elaborate when 

stating their opinion and rationale. One student with a negative comment reported that 

“When trying to have group work in a class it is best to have a smaller class. I have never 

liked group work and still don’t because you always have the people who slack off and 

do nothing but still get the same grade as the people that did all the work”. The attitudes 

towards working in a team to complete an assignment can vary depending on behaviors, 

assignments, and team experience.  

The data for this study indicated that at the end of the semester students have 

mostly non-significant attitudes towards working in teams compared to the beginning of 

the semester. The hypothesis that students will have a significantly a more positive 

attitude about teamwork after experiencing TBL was not supported. In 18 out of 19 
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questions we rejected the hypothesis because the results were not significantly different; 

only question number 6 showed a significant decrease in positive attitude towards 

teamwork. 

Content Knowledge: Pre- and Post-test  
 

It was hypothesized that TBL will not change students’ content knowledge as 

compared to prior semesters without TBL. In previous studies comparing TBL 

implementation classrooms with non-TBL implementation classrooms there was a 

positive increase in attendance and overall course grades but there was no significant 

difference in pre-test and post-exam grades (Freeman et. al 2007, Letassy et al. 2008). 

All pre- and post-test means for all semesters consistently fall within the same 

percentage range. When comparing each semester’s pre- and post-test scores, the pre-test 

did significantly increase in scores compared to the post-test. However, there was no 

significant increase in scores in the experimental semester compared to prior semesters 

without TBL implementation. One possibility for the lack of a significant increase in the 

TBL semester compared to non-TBL semesters could be that the learning produced in the 

TBL activities are not generating an efficient amount of long-term memory (Carmichael 

2009). Another possibility for the lack of significant increase in the TBL semester 

compared to non-TBL semesters could be the data being analyzed. Our study examined all 

fifty pre-test questions instead of just examining questions related to the application 
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exercises. The goal of TBL is not to increase content knowledge; its goal is to encourage 

the use of critical thinking skills and teamwork.  

The study done by Carmichael (2009) reported that there was no significant 

difference in the cumulative final exam between classrooms participating in TBL-

implementation compared to non-TBL classrooms. In our experiment pre- and post-test 

scores of the control semester, Fall 2013, and the experimental semester, Fall 2014 were 

compared to determine change in content knowledge. The paired t-test assuming equal 

variances confirms that there is no significant difference (p=0.41) between Fall 2013 and 

Fall 2014 semesters. Pre- and post-test scores from Fall 2014 were compared with Fall 

2013 because of close proximity to sample size. The numbers of the sample sizes are not 

identical nor are the students in the study. Using the same population would have resulted 

in more accurate results (Nelson et al. 2013, Elmore et al. 2014).    

 Pre-and Post-test Grades 
 

A paired t-test for means was used to compare pre-and post-test overall 

achievement. There was a significant difference (p=5.73E-69) between pre-and post-test 

grades; students did significantly better on the post-test. The mean score for the post-test 

almost doubled the mean score for the pre-test. Armstrong et al. (2007) states that 

assessments performed in large classes should only be performed through multiple 

choice, but Armstrong et al. (2007) and Darling-Hammond et al. (1995) agree that 

multiple choice in not an effective method to evaluating thinking skills. Although the pre-
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and post-test used in this study were limited to only multiple choice questions, the 

purpose of this study was to examine content knowledge.  

Future research for this study includes formulating a statistical method to provide 

evidence for critical thinking skills and content knowledge. Previous studies performed 

by Beckett (2014), Mennenga (2012), and Park et al. (2014) also support the need for a 

statistical tool to measure critical thinking and content knowledge. With the assistance of 

statistical evidence, researchers will have the opportunity to support or reject the 

hypothesis that Team-Based Learning has an effect on critical thinking skills and content 

retention. 

Item Analysis: Pre- and Post-test Grades 
 

Literature states that students perform well on higher order thinking exam 

questions from active learning activities that encourage peer teaching (Carmichael 2009, 

Tessier 2007). A paired t-test for means was performed using the number of correct 

responses to compare lower level Bloom’s between the pre-and post-test and higher level 

Bloom’s between the pre-and post-test. The data showed that there was a significant 

difference (p= 3.29E-19) between the low level Bloom’s questions answered correctly on 

the pre-and post-test. There was also a significant difference (p= 0.006) between the high 

level Bloom’s questions answered correctly on the pre-and post-test. Lower-level Bloom 

questions were more significantly different than higher level Bloom’s.  

Out of the fifty questions found on the pre-test 90% of the questions were 

considered lower-level Bloom’s questions. Only one out of fifty questions the raters 
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believed could be classified as a level 6 Bloom question. One limitation in this study is 

the percentage of uneven Bloom’s level questions. Development of an exam with a more 

balanced percentage of high and low level Bloom’s questions could better determine 

whether the lower-level Bloom’s actually do produce a more significant change than 

higher Bloom’s. 

The hypothesis that TBL will not change students’ content knowledge as 

compared to prior semesters without TBL was supported. There was no significant 

difference between Fall 2013 (control) and Fall 2014 (experimental) semesters with or 

without TBL implementation in content knowledge. 

Thinking Skills: Application Exercises  
 

It was hypothesized that Team-Based Learning would have a positive effect on 

students’ thinking skills. During the semester three TBL activities were implemented in 

the classroom. A comparison of artifacts collected from the application exercises were 

compared for each team. This was a comparison over time of all three TBL activities. The 

purpose of reviewing the artifacts was to analyze if there was evidence of change over time 

in the students’ ability to use critical thinking skills. The comparison was based on how 

students were completing the written tasks given to them. Students were asked to answer 

discussion questions as well as illustrate figures that explained the main idea of the 

exercise. The items were then ranked by levels of Bloom’s Taxonomy. All items were 

separated by low level Bloom’s, rankings between1-3, and higher level Bloom’s, 
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rankings between 4-6. A paired t-test for means and an overall comparison of mean 

scores was used to compare TBL 1 to TBL 2, TBL 2 to TBL 3, and TBL 1 to TBL 3. 

As each activity was done through the semester the students’ scores increased. 

TBL activity 1 and activity 2 produced no significant difference. TBL activity 2 and 

activity 3 showed a significant difference (p=0.0008). After TBL activity 1 we concluded 

that time played a big factor in the completion of the full TBL cycle. This observation led 

us to provide a timed schedule for the students and very clear instructions so there was no 

confusion on how quickly they should be moving. There was also a significant difference 

between TBL activity 1 and activity 3 (p=0.0002). An observation in our study was that 

TBL activity 3 was more organized and better facilitated than the other 2 activities, which 

might have played a role in the significant increase in scores.   

All activities have a maximum of fifty points available. The highest increase in 

scores from the first TBL to the last TBL was thirty-five points. Three teams showed zero 

increases in scores and four teams showed a decrease in scores, these teams received the 

maximum number of points on the first TBL. All teams started at the same baseline so 

teams that initially performed poorly had a greater advantage at improvement in scores 

compared to teams that initially performed very well (Tan et al. 2011). The highest 

decrease in scores was a negative four but again the team started the first TBL with a 

strong high score so there were only three points they would have been able to increase.  
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Item Analysis: Application Exercises  
 

The hypothesis that TBL will have a positive effect on students’ thinking skills 

was supported. There is a significant difference between the first TBL activity and the 

third TBL activity. The proportion of high level Bloom’s questions increased from TBL 

activity 1 to activity 2 to activity 3, and the low level Bloom’s questions increased from 

TBL activity 1 to activity 2 to activity 3. 

The Principles of Biology lecture course at Texas Woman’s University is 

conducted over a seventeen week semester, meeting twice a week, for 80 minutes each. 

Time was a key component in TBL implementation. Due to the number of class meetings 

each week TBL implementation could not be done for each learning objective. One 

limitation was based on the uneven separation between each TBL over the semester. 

More TBL activities might have helped students get into the practice of being 

comfortable while participating in a TBL activity.  

In this study cancer, osmosis, and genetics, were chosen as TBL exercises for the 

semester.  The decision of which objectives should involve TBL implementation might 

have been a limitation. The challenge to create an activity that is time sensitive, well 

organized, and meets the goal of promoting higher order thinking requires heavy 

commitment for the instructor  (Nelson et al. 2013, Elmore et al. 2014). Creating 

activities that are not carefully planned out, irrelevant to material being taught, or 

disorganized can cause students to be frustrated and cause negative attitudes (Parmelee et 
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al. 2009). An assessment tool evaluating time and age appropriateness, course learning 

objective alignment, and student relativity will be used in future semesters. 

The study only implemented three TBL activities. The TBL creator for the 

Principles of Biology course plans to create more activities that can be used to promote 

critical thinking skills. More TBL activities will provide data that can be influential in 

identifying variables that affect team performance (Park et al. 2014).  
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CHAPTER V 

CONCLUSION 

Based on the literature, a change in traditional teaching styles produces 

encouraging results (Vincent and Ross 2001, Brophy 2008, Cooper 1995, Lile and 

Kelemen 2014). The purpose of this study was to introduce TBL to the Principles of 

Biology lecture section at TWU and to determine the effect of this teaching and learning 

method on students’ thinking skills, content knowledge, and attitudes about teamwork.  

Team-Based Learning can accomplish desired learning by allowing the students to 

experience activities that require them to use their critical thinking skills. The learning 

objectives used in TBL should focus on helping students take an active role in their 

learning and encourage content retention. Identifying negative attitudes towards 

teamwork helps the instructor create a TBL environment that encourages a positive 

attitude towards teamwork. 

In this research study students did not have a significantly more positive attitude 

about teamwork after experiencing TBL. Results showed that there was a decrease in the 

post-attitude survey compared to the pre-attitude survey. Literature states that students 

produced a positive significant difference (Armstrong 2007, Parmelee et al. 2009, Leight 

et al. 2012, Elmore et al. 2014) after experiencing TBL. These studies included 
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populations of 74 students or more. If this study had a larger sample size the results could 

possibly increase accuracy. 

Team-Based Learning did not change students’ content knowledge as compared to 

prior semesters without TBL. Literature supports the claim that the goal of TBL is to 

encourage the use of critical thinking skills and teamwork, but not content knowledge 

(Letassy et al. 2008, Mennenga 2012, Nelson et al. 2013, Chad 2012). The purpose of 

studying content knowledge was to examine students’ ability to use critical thinking to 

move from lower to higher cognitive thinking. This study analyzed scores from a pre- 

and post-test and the number and classification of Bloom’s levels. Our findings 

concluded that the pre-and post-test consisted mostly of questions that require students to 

use lower cognitive thinking. Designing an exam with questions that challenge cognitive 

activity could have an effect on a students’ approach to pre-class preparation and overall 

studying (Scouller 1998, Crowe et. al 2008, Jensen et. al 2014).Curriculum taught in 

class with the proper design can provide students with the opportunity to critically 

analyze a situation and apply the previous knowledge with new material to form a 

solution 

In this research study TBL did have a positive effect on students’ thinking skills. 

To be effective, TBL activities need to fit the classroom size and identify objectives that 

correlate with the curriculum (Parmelee et al. 2009, Nelson et al. 2013, Chad 2012). The 

design of each activity must also be time appropriate. The thinking skills utilized in these 
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activities help student’s develop their decision-making skills and self-confidence by 

stating their reasoning. 

Significance of the Study 
Curriculum development can help succeed in implementing TBL knowledge, 

skills, and principles (Nelson et al. 2013). According to Texas Higher Education 

Coordinating Board (THECB) all life science courses that are in the Texas Core 

Curriculum must have four core objectives in their curriculum.  These students must be 

able to demonstrate critical thinking skills, communication skills, empirical and 

quantitative skills, and teamwork. All four objectives can be met through the use of TBL.  

This study hopes to inform instructors of the importance of TBL and how it can 

be used as a teaching tool to promote content knowledge and critical thinking skills.  

Instructors with large classes and minimal assistance should still be encouraged to 

implement TBL activities. This study was conducted based on a modified version of 

Michaelsen et al. (2004) TBL cycle. Team-Based Learning has changed the structure of 

the Principles of Biology classroom compared to prior semesters without TBL, for future 

research TBL will continue to be implemented. 
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Script for Westmoreland Inquiry Research Study Recruitment 2014-15 

This script will be read to students during recruitment to voluntarily participate in 
the research study “Implementing Team-Based Learning in Principles of Biology to 
Determine Effects on Students' Content Knowledge, Thinking Skills, and Attitudes 
about Teamwork.” This script is to be read on the first class meeting of The 
Principles of Biology lecture class. 

Dr. Westmoreland is currently conducting a research study in which you are being 
invited to voluntarily participate. The purpose of this study is to introduce team-based 
learning to Principles of Biology lecture section at Texas Woman’s University and to 
determine the effect of this teaching and learning method on students’ content knowledge, 
thinking skills, and attitudes about teamwork. Three methods will be used to measure the 
effectiveness of team-based learning: 1. Pre and post surveys will be used to assess 
students’ attitudes about team-based learning, 2.Pre-test and final exam questions will be 
used to assess content knowledge and thinking skills, and 3. Student performance on 
team-based learning activities will be assessed using the team-based learning scoring 
rubric. Participation in this study is completely voluntary and will not affect your grade 
regardless of whether you participate or do not participate. All data that are collected 
will be reported without identifying individual participants. Confidentiality is maintained 
in assessing and reporting of information related to all student documents, including 
surveys, pre-test questions and final exam grades, and team-based learning activities. 
Since the survey is taken online, there is a potential risk of loss of confidentiality in all 
email, downloading, and internet transactions. The survey is taken with an anonymous 
identification code, however, so that no particular student’s information could be 
identified. Please, read the provided consent form and sign if you chose to participate in 
this study. Thank you for your consideration of participation in this research project. 
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TEXAS WOMAN'S UNIVERSITY:  CONSENT TO PARTICIPATE IN RESEARCH 
 

Title of Study: Implementing Team-Based Learning in Principles of Biology to Determine Effects on 
Students' Content Knowledge, Thinking Skills, and Attitudes about Teamwork 
These consent forms will be signed by volunteering students on the first class day after IRB approval is 
received. 
Following are the names, degrees, and office phone numbers of the investigator(s). 

Sandra L. Westmoreland, Ph.D. (PI) email: swestmoreland@twu.edu (940) 898-2560 
The purpose of this study is to introduce team-based learning to Principles of Biology lecture section at 
Texas Woman’s University and to determine the effect of this teaching and learning method on students’ 
content knowledge, thinking skills, and attitudes about teamwork  
Three methods will be used to measure student attitudes and achievement: 1. Pre- and post- surveys will 
be used to assess students’ attitudes about team based learning 2. Pre-test questions and final exam grades to 
access content knowledge and thinking skills, and 3. Student performance on team based learning application 
exercises will be assessed using the team based learning application exercise rubric.  

Activities: Students will participate in normal activities and assignments in Principles of Biology lecture 
section, including course lectures with guided notes, online homework, and class participation via personal 
answer devices. As a part of this curriculum, students will be assigned to permanent teams in which they will 
complete application exercises in class.  

Assessment: The assessment will occur in four ways: 

1. A pre- and post-attitude survey (Team-Based Learning Attitude Survey, see attached) will be taken 
by students online using www.Psychdata.com. The questions for this survey are from the published 
survey by Parmelee, De Stephen, and Borges (2009).  Students will take surveys on the computer of 
their choice outside of class in a private setting. Student identification codes will be anonymous. The 
researcher will not know student survey identities and codes will not be able to be linked to a 
particular individual. Data will be analyzed using statistical analysis software to determine 
significant effects based on proposed hypotheses.   One free-response question will be included on 
the post-survey which will ask students to respond to this question: “Please, comment on how your 
attitude toward working in teams has changed as a result of participating in this class.”  

2. A pre-test will be administered on the first day of class containing 55 questions to determine the 
students’ level of content knowledge and thinking skills. Similar questions will be administered as an 
embedded part of the final exam for comparison 

3. The final examination will be administered and will include 100 questions, including 55 questions 
similar to the pre-test questions, as well as 50 additional questions, to evaluate final content 
knowledge and thinking skills. 

4. Application exercises will be completed by teams during class and will be evaluated based on a 
scoring rubric. 
All assessments will be anonymous and will be evaluated only after final grades for the course are 
posted.  
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Time Commitment: Participants will take the pre-and post-surveys outside of class time. The surveys each 
have 50 questions and will take less than one hour each time. All other materials for this study will be 
assignments that are part of the normal course assignments required of all students. No additional time will be 
required of research study participants to complete these assignments. The maximum time commitment of 
student participants is two hours. 

No audio or video taping will be done in this study. 

Risks:  

Risk 1.Students may feel coerced to participate in the study.  A script will be read to students explaining the 
study and its voluntary nature. Students will be asked to read and sign a written consent form agreeing to 
participate in the study. Students will be told that may withdraw from the study without any consequence to 
their grade. 

Risk 2. An additional risk will be the loss of confidentiality. Loss of confidentiality is a potential in every 
study involving human participants. Student pre-tests, final exams, and application exercises will be graded by 
Dr. Westmoreland. Analysis of student grades on the pre-test, final exam, and applications exercises for this 
research study will occur after grades have been posted and the semester has ended. Student identity will be 
removed from pre-test, final exams, and application exercises before analysis. No individually identifiable 
student data or course work will be given in reports or publications related to this study. Confidentiality of 
identifiable data (ie, paper documents or computer files) will be protected by storing the artifacts (pre-tests, 
final exams, and application exercises) and data in a locked file cabinet in Dr. Westmoreland’s office, 341 
Ann Stuart Science Complex, on the TWU campus. The identifiable documents and data will be destroyed on 
or before 5 years after the end of this project.  

Risk 3. There also is the potential risk of loss of confidentiality in all email, downloading, and internet 
transactions. To ensure student confidentiality, the pre-and post-online surveys will be anonymous. Students 
will establish an anonymous identification code to allow pre-and post-survey matching. Survey data will not 
be traceable to any particular student 

Confidentiality will be protected to the extent that is allowed by law. 
 
Spanish version: Se protegerá la confidencialidad en la medida que la ley lo permita. 

 The researchers will try to prevent any problem that could happen because of this research. You 
should let the researchers know at once if there is a problem and they will help you. However, 
TWU does not provide medical services or financial assistance for injuries that might happen 
because you are taking part in this research. 

 Spanish version: Los investigadores tratarán de prevenir cualquier problema que pudiera 
suceder a causa de este estudio de investigación.  Usted deberá hacer del conocimiento de los 
investigadores tan pronto exista un problema, y ellos le ayudarán.  Sin embargo, TWU no 
provee servicios médicos ni ayuda financiera para atender daños o heridas que pudieran 
suceder debido a su participación en este estudio. 

 Participation is voluntary and participants may withdraw from the study at any time without penalty. 

 The results of this study may be published in a professional journal. Participants are invited to review the 
data from this publication. 
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Initials of participant: ___________ 
 

You will be given a copy of this signed and dated consent form to keep. If you have any questions 
about the research study you should ask the researchers; their phone numbers are at the top of this 
form. If you have questions about your rights as a participant in this research or the way this study 
has been conducted, you  
may contact the Texas Woman’s University Office of Research and Sponsored Programs at 940-898-
3378 or via e-mail at IRB@twu.edu. 
 
Spanish version: Usted recibirá una copia firmada y fechada de esta forma de consentimiento.  Si 
tuviera cualquier pregunta acerca de este estudio de investigación, favor de dirigir sus preguntas a 
los investigadores; sus números telefónicos se encuentran en la parte superior de esta forma.  Si 
usted tuviera preguntas acerca de sus derechos como participante en este estudio o acerca de la 
forma en que este estudio se está llevando a cabo, puede ponerse en contacto con la Oficina de 
Investigación y de Proyectos Auspiciados por Fondos Externos de la Texas Woman's University al 
número 940-898-3378 o por correo electrónico a IRB@twu.edu 
 

    
 
Participant’s Signature: ________________________________________ Date: ______________  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


