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Abstract: Individual readiness assurance tests (iRATs) are frequently graded in team-

based learning (TBL) classrooms, with the goal of incentivizing individual pre-class 

preparation. The purpose of this study was to determine whether shifting to an ungraded 

iRAT process affects student preparation and learning, as measured using assessment 

scores, and whether this is accompanied by a change in achievement goals. Using a 

crossover design in a required second-year Doctor of Pharmacy pharmacotherapy course, 

students were assigned to one of two iRAT grading sequences: graded/ungraded (G/UG) 

or ungraded/graded (UG/G). In the G condition iRATs were graded based on correctness 

and in the UG condition based on completion. Each period consisted of four iRATs and 

one examination. Students completed the Achievement Goal Questionnaire at the 



 
 

conclusion of each period. A one-way repeated measures multivariate analysis of 

variance (MANOVA) was used to test within-subject differences of mean iRAT and 

examination scores across grading conditions. A separate one-way repeated measures 

MANOVA was used to analyze differences in achievement goal scores. A total of 91 

doctor of pharmacy students were included in the study. There was a statistically 

significant main effect for iRAT grading condition on assessment scores, F(2,88) = 

3.851, Wilks’ Λ = .992, p = .025. Univariate testing using one-way analysis of variance 

with Bonferroni correction demonstrated a significant difference only in iRAT scores, 

with the mean score higher in the G condition (72.51% versus 67.99%; p = .011). 

Examination scores were similar in the G and UG conditions (81.07% versus 80.32%, p = 

.397). There was not a statistically significant difference in achievement goals based on 

iRAT grading condition, F(4,85) = 1.109, η2 =.050, p = .358. In conclusion, a modest 

reduction in iRAT performance was observed when shifting from a graded to ungraded 

iRAT; however, this had no effect on examination performance. Achievement goals were 

unaffected by the change in iRAT grading condition.  
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CHAPTER ONE: INTRODUCTION 

Background 

Team-based learning (TBL) is a structured form of collaborative learning that 

emphasizes peer-to-peer accountability, teamwork, and problem-solving through real-

world application activities (Michaelsen et al., 1982; Sibley et al., 2014). TBL, which 

was formerly referred to as “team learning” in the early literature, was first implemented 

more than four decades ago as an active learning strategy for large, lecture-hall style 

classes with the intent of finding ways to replicate meaningful and real world challenges 

in the classroom (Michaelsen, 1992; Michaelsen et al., 1982; Sibley et al., 2014). Much 

of the early use of TBL was within business education, but it has since expanded to 

virtually all disciplines in higher education (Sibley et al., 2014).  

Educators at Baylor College of Medicine first described their experience with 

TBL in medical education in the early 2000s, and it soon expanded to ten medical schools 

across the country (Haidet et al., 2002; Seidel & Richards, 2001; Thompson et al., 2007). 

Other health professions also began adopting TBL in the late 2000s, including pharmacy 

(Beatty et al., 2009; Conway et al., 2010; Letassy et al., 2008) and nursing (Clark et al., 

2008). Currently, TBL has become one of the most common instructional strategies in 

health professions education around the world (Allen et al., 2013; Hong & Rajalingam, 

2020). The rise in popularity of TBL can be attributed to a number of factors, including 

improved student learning outcomes (Fatmi et al., 2013; Koles et al., 2010; Zgheib et al., 

2010), an emphasis on interpersonal skill development (e.g., communication, teamwork, 

providing feedback to peers), improvements in critical thinking skills (Silberman et al., 
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2020), and the ability to facilitate large classes with only one facilitator (Alberti et al., 

2021; Hrynchak & Batty, 2012; Reimschisel et al., 2017; Swanson et al., 2019).  

Structurally, TBL flows through a sequence of learning activities that includes 

pre-class preparatory work (i.e., the readiness process), in-class assessments (i.e., 

individual and team readiness assurance tests), and in-class team application exercises. 

This is classically referred to as the TBL “cycle” and is repeated throughout a course or 

semester (Sibley et al., 2014, p. 37). Among the key elements that contribute to the 

success of TBL is an incentive structure to motivate students to come to class prepared 

(Sweet & Michaelsen, 2012).  

In TBL, the readiness assurance process serves as a key motivator for students to 

come to class prepared (Michaelsen & Sweet, 2008; Sibley et al., 2014; Sweet & 

Michaelsen, 2012). The readiness assurance process consists of a graded individual 

(iRAT) and team readiness assurance test (tRAT), both of which are taken at the start of 

each in-class session. Each test consists of selected response questions that assess 

foundational concepts from the pre-class preparatory materials. The iRAT is designed to 

ensure individual accountability for completing pre-class learning of foundational 

content, whereas the tRAT is designed to promote team performance, relationship 

building, and peer-to-peer instruction (Michaelsen & Sweet, 2008; Sweet & Pelton-

Sweet, 2008).  

A graded iRAT process is cited as an essential element of TBL that “must be a 

substantial enough portion of the final grade so that students feel compelled to prepare 

but not so large that the iRAT turns into high-stakes testing” (Sibley et al., 2014, p. 143). 

Experts in TBL traditionally weight the iRAT approximately 10% of the final grade in 
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the course, and cite an average iRAT score of approximately 65-70% (Sibley et al., 2014; 

Sweet & Michaelsen, 2012). Although graded iRATs serve as an important motivator for 

students to learn foundational concepts from the pre-class preparatory materials, grades 

serve as an extrinsic motivator that may not be necessary for all students and in all 

contexts (Deci et al., 2001; Janzow & Eison, 1990; Pulfrey et al., 2013).  

Grades are a well-established and effective way of motivating students to 

complete learning tasks. However, extrinsic motivators such as grades can also create 

undesirable effects, such as undermining intrinsic motivation and shifting students’ goals 

from mastering materials and concepts to performance on an assessment (Deci et al., 

1999, 2001; Pulfrey et al., 2013). Such goals are referred to as achievement goals, and in 

the context of education are focused on “students’ intentions or reasons for engaging, 

choosing, and persisting at different learning activities” (Meece et al., 2006, p. 490). In 

essence, achievement goals explain the purpose for engaging in a particular learning task.  

Understanding how grades influence students’ achievement goals in the 

classroom is of growing interest, particularly within health professional programs 

(Bloodgood et al., 2009; Cain et al., 2021; Pulfrey et al., 2013; White & Fantone, 2010). 

Health professionals are expected to develop the skills necessary to be self-directed, 

lifelong learners upon graduating from their respective fields (Accreditation Council for 

Pharmacy Education, 2016; Commission of Collegiate Nursing Education, 2018; Liaison 

Committee on Medical Education Standards, 2022). In line with this, many health 

professional programs have made structural changes to their curricula that emphasize 

mastery of materials, such as competency-based milestones or pass/fail curricula 

(Bloodgood et al., 2009; Colbert-Getz et al., 2023; Reed et al., 2011; Spiess et al., 2022). 
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Similarly, instructional strategies and assessments are being re-envisioned to de-

emphasize grades and prioritize mastery learning.  

In consideration of the growing interest in de-emphasizing grades in health 

professions education, would an ungraded iRAT process compromise the integrity of the 

incentive structure that is so critical to TBL? Social interdependence theory may be able 

to help answer this question and provides the theoretical framework supporting this 

study. Social interdependence exists in an environment where the actions of one 

individual are affected by others’ actions (Johnson & Johnson, 1989). In TBL, positive 

social interdependence is created through shared learning tasks, such as the tRAT, and 

increases not only team performance but also individual performance (Johnson & 

Johnson, 2009; Shimizu et al., 2022; Tomcho & Foels, 2012). In theory, the positive 

social interdependence created through shared learning tasks in TBL may produce 

enough individual accountability that shifting to an ungraded iRAT has minimal 

influence on health professional students’ motivation to complete pre-class preparatory 

materials. 

Statement of the Problem 

The TBL literature cites that graded iRATs are a key element to incentivize and 

motivate students to complete pre-class preparatory work (Michaelsen & Sweet, 2008; 

Sibley et al., 2014; Sweet & Michaelsen, 2012). In many TBL classrooms, graded iRATs 

are a necessary and powerful motivator; however, the degree to which grades are 

necessary is highly dependent on the individual and the educational context. Students in 

health professional programs, including pharmacy students, are often higher achieving 

and are more likely to adopt mastery-approach goals (Gavaza et al., 2014; Oksana et al., 
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2018). These factors make it more likely that health professions students strive to “learn 

for the sake of learning”, rather than to achieve a particular grade. This raises the 

question of whether graded iRATs are necessary – or at least the degree to which they are 

necessary – in health professional programs using TBL.  

Only three published studies have explored the effects of graded versus ungraded 

iRATs on assessment performance in TBL classrooms (Behling et al., 2017; Eudaley et 

al., 2022; Koh et al., 2019). Each of these studies was conducted in pharmacy (Eudaley et 

al., 2022) or medical education (Behling et al., 2017; Koh et al., 2019), but yielded 

discordant findings. Most importantly, none of the studies used an experimental design, 

limiting the ability to make causal inferences about how ungraded iRATs influence 

learning and assessment performance. The present study seeks to partially fill this 

evidence gap by using a prospective, experimental design so that causal inferences can be 

made. Also notable is that none of the studies analyzed how changing the grading 

structure of iRATs influences students’ achievement goals. The present study will 

address this evidence gap by using a validated questionnaire to measure pharmacy 

students’ achievement goals and determine how iRAT grading condition influences them.  

Purpose of the Study 

The purpose of this quantitative, crossover study is to directly evaluate the effects 

of iRAT grading condition (i.e., graded versus ungraded) on students’ learning and 

achievement goals in a TBL course within a Doctor of Pharmacy program. The 

independent variable is iRAT grading condition. In the graded (G) iRAT condition, 

students were told that their iRAT scores for the study period were based on percent 

correct. In the ungraded (UG) iRAT condition, students were told that their iRAT scores 
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for the study period were based only on completion; however, students’ actual raw scores 

in the UG iRAT condition were used for the analysis. The dependent variables include 

assessment performance, as measured using iRAT and examination scores, and 

achievement goals, as measured using achievement goal scores from the Achievement 

Goal Questionnaire (Elliot & McGregor, 2001).  

Research Questions and Hypotheses 

The research questions and hypotheses for this study are as follows: 

Q1. Is there a difference in assessment performance in a Doctor of Pharmacy 

team-based learning classroom based on type of individual readiness assurance 

tests (graded versus ungraded)?  

H10: There is no significant difference in assessment performance, as 

measured by individual readiness assurance test and examination scores, 

based on individual readiness assurance test type (graded versus ungraded) 

in a TBL classroom.  

H11: There is a significant difference in assessment performance, as 

measured by individual readiness assurance test and examination scores, 

based on individual readiness assurance test type (graded versus ungraded) 

in a TBL classroom.  

Q2. Is there a difference in PharmD students’ achievement goals based on type of 

individual readiness assurance test (graded or ungraded) in a team-based 

learning class? 

H20: There is no difference in pharmacy students’ achievement goals, as 

measured by the Achievement Goal Questionnaire, based on type of 
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individual readiness assurance test (graded versus ungraded) in a TBL 

classroom.  

H21: There is a difference in pharmacy students’ achievement goals, as 

measured by the Achievement Goal Questionnaire, based on type of 

individual readiness assurance test (graded versus ungraded) in a TBL 

classroom. 

Significance of the Study 

This study has important implications for health professional programs using 

TBL. This study represents the first prospective experimental study directly comparing 

the effects of graded versus ungraded iRATs on learning and achievement goal in a TBL 

classroom. Although the generalizability of the results should be carefully considered in 

the context of the study (e.g., within second-year students in a required Doctor of 

Pharmacy program), the results may provide useful information for other health 

professional programs considering the positives and negatives of variations in iRAT 

grading structures. Given the widespread use of TBL within health professions education, 

the findings are likely to be of interest across a broad range of health professions 

education programs. 

This study is also significant in that few studies in health professions education 

have attempted to examine how a specific intervention influences students’ achievement 

goals. Interest in alternate grading structures in health professions education is growing, 

and an increasing number of schools and colleges of medicine and pharmacy are 

transitioning to pass/fail curricula for reasons such as student well-being and promotion 

of mastery learning. (Bloodgood et al., 2009; Colbert-Getz et al., 2023; Reed et al., 2011; 
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Spiess et al., 2022; Spring et al., 2011; White & Fantone, 2010). Promoting mastery goals 

is a point of emphasis across the health professions, and identifying how alternative 

grading structures influence students’ achievement goals is an important gap in health 

professions education literature. In fact, existing studies comparing graded versus 

ungraded iRATs have justified the significance of their study using the theoretical 

premise of promoting mastery-approach goals; however, none of them have used 

validated measurements to demonstrate actual changes in students’ achievement goals. 

Interventional studies, such as this one, are important to determine whether the theoretical 

basis of these claims translates into actual differences in students’ achievement goals.  

There is much to be learned from intervention studies that cannot be learned from 

correlational studies, observational studies, and laboratory experiments. It is only 

through intervention work that we can examine whether changes in practice 

inspired by theoretical insight can lead to actual benefits in the classroom. (Elliot 

et al., 2017, p. 53) 

Summary 

Despite the evidence base supporting TBL, and its burgeoning popularity, there 

are aspects of the original TBL design that may warrant re-examination for learning in 

today’s health professions education programs. While much attention has been given to 

the incentive structure of TBL, very little attention has been given to how these 

incentives influence students’ achievement goals and the downstream consequences of 

them, such as promoting less desirable achievement goals that may be incongruent with 

the goals and characteristics of a self-directed lifelong learner deemed important for 

health professionals.  
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TBL has traditionally relied on graded iRATs as an incentive for students to 

complete pre-class preparatory materials; however, an ungraded iRAT process and its 

influence on pre-class preparation and assessment performance is not well understood. 

Although grades are a dominant practice in classrooms, they have been shown to promote 

less desirable achievement goals. Health professions education programs are increasingly 

emphasizing the need to promote students’ mastery goal orientation, and de-emphasize 

grades (Cain et al., 2021; Colbert-Getz et al., 2023; White & Fantone, 2010). This study 

is designed to evaluate the effects of graded versus ungraded iRATs on assessment 

performance. In addition, this study will evaluate whether changing to ungraded iRATs 

influences students’ achievement goals. 
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CHAPTER TWO: LITERATURE REVIEW 

Introduction 

 The purpose of this study is to evaluate the effects of individual readiness 

assurance test (iRAT) grading conditions (graded or ungraded) on assessment 

performance and achievement goals in Doctor of Pharmacy students. This chapter will 

begin with a review of team-based learning (TBL), including the structure and 

sequencing of learning activities, theoretical foundations, and its use in health professions 

education. A review of the literature on the effects of graded versus ungraded iRATs will 

also be provided. 

Secondly, an overview of achievement goal theory and achievement goals will be 

provided. The effects of grades on achievement goals and promoting mastery-approach 

goals within health professional programs will be a point of emphasis. The chapter will 

conclude with an overview of the theoretical framework supporting the study. 

Background and Literature Review 

Team-Based Learning 

TBL (formerly referred to as “team learning” in the early literature; Michaelsen, 

1992; Michaelsen et al., 1982) was first implemented more than four decades ago as an 

active learning strategy for larger, lecture-hall style, class sizes with the intent of finding 

ways to replicate meaningful and real world challenges in the classroom (Michaelsen et 

al., 1982; Parmelee et al., 2012). Since this time, TBL has proliferated and expanded to 

become one of the most widely used instructional strategies in health professions 

educations, including medical, pharmacy, dental, nursing, and physician assistant 

programs (Allen et al., 2013; Hong & Rajalingam, 2020; Stewart et al., 2011).  
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Structure and Sequence of Learning Activities  

TBL includes the following major elements: individual study (i.e., pre-class 

preparatory work, or the “readiness process”), individual and team readiness assurance 

tests (i.e., the “readiness assurance process”), and team application activities (Figure 1; 

Michaelsen & Sweet, 2008; Parmelee et al., 2012; Sweet & Michaelsen, 2012). In 

addition to the major phases of the TBL cycle, other supporting elements include 

immediate feedback, appeals process for readiness assurance questions, instructor-created 

teams of 5-7 students, and peer evaluation. The following sections will review each of the 

major elements within TBL. 

 

 

Figure 1 
 
Team-Based Learning Cycle 
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Readiness Process. The readiness process is the first phase of the TBL cycle 

(Michaelsen & Sweet, 2008). During the readiness process, students are responsible for 

independently learning foundational knowledge using instructor-selected materials. 

Instructors are charged with curating pre-class readiness materials, providing clear 

instructions and learning objectives to students, and ensuring alignment between the 

readiness materials and in-class application activities. The readiness materials generally 

consist of a variety of readings (e.g., textbook or journal article), outlines, figures, online 

videos (e.g., Khan Academy, YouTube), or pre-recorded lectures.  

Readiness Assurance. The readiness assurance tests consist of a series of 

selected-response questions that are taken individually and then again as a team. The 

individual readiness assurance test (iRAT) is taken first, with the primary purpose to 

incentivize pre-class preparation during the readiness phase. Immediately following the 

iRAT, the team readiness assurance test (tRAT) is taken. Unlike the iRAT, during the 

tRAT teams receive immediate feedback following each question. The immediate 

feedback provided during the tRAT serves as a powerful reinforcement for student 

learning, peer accountability, and relationship building (Sweet & Pelton-Sweet, 2008). 

Lastly, following the iRAT and tRAT, the facilitator provides clarifying discussion, as 

needed, for commonly missed questions. Teams are also permitted to submit an appeal 

for questions that they may have missed if they can justify an alternative response.  

From an information processing standpoint, the iRAT and tRAT encourage and 

enable knowledge reconsolidation, retrieval practice, and elaboration (Schmidt et al., 

2019). Knowledge reconsolidation is the act of retrieving previously consolidated 

information from memory and then actively consolidating it again, such as when 
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information is retrieved from memory to answer questions on the iRAT (Schmidt et al., 

2019). The reconsolidation process strengthens and stabilizes knowledge structures, 

producing more durable learning. Furthermore, intra-team discussion during the tRAT 

gives students an opportunity to elaborate on their response, which further helps to 

stabilize new knowledge.  

Team Application Activities. Application activities are designed to challenge 

students to apply foundational knowledge learned during the readiness process and 

subsequently reinforced during the readiness assurance process (Michaelsen & Sweet, 

2008). The structure of the activities is such that teams work on real-world, authentic 

problems. All teams complete the same activity, and all teams report their answers 

simultaneously. The instructor (facilitator) is responsible for leading inter-team 

discussion after all teams have reported their responses. Figure 2 provides an example of 

an application activity taken from a Doctor of Pharmacy course. 

Figure 2 
 
Example Application Activity 
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Additional Elements. Team formation and peer evaluation are critical to the 

success of TBL (Cestone et al., 2008; Michaelsen & Sweet, 2008). Best practice is for 

teams to be formed by instructors, not students. Each team should have 5-7 members, and 

the teams should be permanent (i.e., the same throughout a course, semester, or even an 

academic year). Students complete peer evaluations of their team members multiple times 

throughout the semester, which serves as a mechanism for peer accountability to the 

team’s performance. Table 1 provides a review of the core elements within TBL (Haidet 

et al., 2012; Sibley et al., 2014; Sweet & Michaelsen, 2012).  

Table 1 

Core Elements of Team-Based Learning 

Core Element Description 
Team Formation Permanent teams of 5-7 students are formed by the instructor (i.e., 

not student-formed) to ensure equal allocation of workload and 
input from a variety of viewpoints or perspectives 

Readiness 
Assurance 

Individuals complete a brief assessment, followed by a team 
assessment. The readiness assurance process is in place to ensure 
accountability for pre-class work. 

Immediate 
Feedback 

Answers to the readiness assurance are provided immediately 
following the team assessment.  

Sequencing of In-
Class Activities 

Activities and communication occur within teams (intra-team) and 
then across teams (inter-team). 

Four Ss Activities represent a significant problem, offer specific choices, 
are the same across teams, and are reported simultaneously. 

Incentive 
Structure 

Individual and team readiness assurance tests are graded to 
incentive individuals to prepare and participate. 

Peer Review Peers provide feedback to their teammates. 
  

Educational Theory Supporting Team-Based Learning  

Like other forms of active learning, TBL is rooted in constructivism (Burgess et 

al., 2018; Hrynchak & Batty, 2012). Constructivism states that knowledge is actively 

constructed by the learner and discovered through problem-solving and social 

interactions (Schunk, 2020; Wadsworth, 1996). In constructivism, teachers serve as 
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facilitators, rather than lecturers, and seek to expose inconsistencies in learners’ 

understanding. For example, in TBL learners solve problems and create solutions during 

the team application activities, while the instructor facilitates discussion and draws out 

points of confusion. The application activities within TBL are designed to represent real-

world scenarios that are authentic to the profession (Hrynchak & Batty, 2012).   

It is worth noting that few articles explicate TBL through the lens of an 

educational theory. Original publications and historical perspectives on TBL state that 

TBL was designed with the intent of creating an “active learning strategy” and designing 

effective group activities (Haidet et al., 2002; Hunt et al., 2003; Koles et al., 2010; 

Michaelsen & Sweet, 2008; Seidel & Richards, 2001; Sibley et al., 2014; Sweet & 

Michaelsen, 2012). In early studies, direct comparisons are made to problem-based 

learning, which is a widely used active learning strategy also rooted in constructivism. In 

essence, the ties to constructivism in seminal publications are indirect and implied.  

In recent years, a few studies have highlighted the connection between TBL and 

constructivism. Hrynchak and Batty (2012) published a review of the educational theory 

supporting TBL, which emphasized the connection between constructivist learning 

theories and TBL. In a separate publication by Dolmans et al. (2015), the similarities and 

differences between TBL and problem-based learning are highlighted. One of the key 

similarities noted is that each is a “…learner-centered instructional [approach] based on 

constructivist learning theory” (p. 356). Although no supporting references are provided 

for either of the articles by Hrynchak and Batty (2012) or Dolmans et al. (2015), a 

theoretical explanation is based on the premise that students work closely with a group of 

their peers to complete authentic, real-world problems that are relevant to the profession. 
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More recently, research by Burgess et al. (2018) explained the educational theory 

underlying TBL. This study was a qualitative analysis of first year medical students’ 

experience of using both TBL and problem-based learning. Fourteen students participated 

in focus group sessions and the themes that emerged from the data were consistent with 

the major premises of constructivist theory: guided learning, problem solving, 

collaborative learning, and critical reflection.  

Albert Bandura’s (1986) Social Learning Theory also has important connections 

to TBL, particularly as it relates to self-efficacy. Within Social Learning Theory, Bandura 

used the framework of reciprocal determinism to explain human learning and behavior. 

Reciprocal determinism posits that a person’s behavior both influences, and is influenced 

by, environmental and personal variables (Bandura, 1986). Environmental factors include 

physical or social contexts in which a behavior takes place. Personal variables include 

elements such as cognition and self-efficacy.  

Self-efficacy is an individual’s perceived ability to perform a particular task at an 

expected level and can be enhanced through social interactions and/or social persuasions 

(Bandura, 1986). The social interactions afforded through TBL have been shown to 

influence self-efficacy. A study by Loftin and West (2017) used Bandura’s Social 

Learning Theory to illustrate how self-efficacy can be influenced by social interactions 

within TBL. In this study, investigators gave physician assistant students a pre-post 

survey using a validated, general self-efficacy survey. The pre-post survey was 

administered to a group of students before and after completion of an end-of-life module. 

In one cohort, the module was completed using TBL. In another cohort, the module was 

completed entirely asynchronously on the internet. The students in the TBL group 
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reported greater confidence in learning about end-of-life care, finding solutions to 

problems, and using critical thinking skills compared to the online only group.   

Readiness Assurance Testing and Grades 

The individual readiness assurance test (iRAT) serves to hold students 

accountable for completing individual pre-class work, as well as to isolate gaps in 

foundational understanding before advancing to application activities. On the contrary, 

the team readiness assurance test (tRAT) is in place to clarify gaps in understanding and 

promote team performance (Michaelsen & Sweet, 2008; Sweet & Pelton-Sweet, 2008). It 

is commonly believed by experts in TBL that the readiness assurance process must be 

graded to adequately incentivize individual student preparation, individual team 

contribution, and overall team performance (Michaelsen & Sweet, 2008). To evaluate the 

validity of these claims, a review of the team-based learning literature was performed to 

identify articles addressing graded versus ungraded readiness assurance tests. Three 

articles evaluating the effects of graded versus ungraded readiness assurance tests were 

identified within the health professions education literature (Behling et al., 2017; Eudaley 

et al., 2022; Koh et al., 2019). A review of the references in each of the identified articles 

did not yield additional articles of relevance, nor did an expanded literature search 

outside the context of health professions education.  

Behling et al. (2017) conducted a retrospective cohort study to identify whether 

including TBL exercises (inclusive of the iRAT, tRAT, and team application activities) 

into the course grade correlated with final examination performance in a first year 

medical school curriculum. Three cohorts were included, and each cohort was analyzed 

across two courses: microbiology and infectious diseases. Cohort 1 (N=64 students) 
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consisted of ungraded TBL activities in microbiology, but the activities were graded in 

the infectious disease course. Cohorts 2 (N=72) and 3 (N=80) consisted of graded TBL 

activities in both courses, with the readiness process contributing anywhere from 6-12% 

towards the final grade in the course. In cohort 1, student performance on the iRAT and 

tRAT were consistently lower in the (ungraded) microbiology TBL sessions as compared 

to the graded cohorts (p <0.001). Of note, exact percentages were not provided in the 

study, but based on the bar graphs presented the absolute percent difference in scores was 

~25%. Interestingly, when cohort 1 entered the infectious disease course, which required 

a shift from ungraded to graded TBL activities, the performance in the iRAT and tRAT 

improved to at or above the performance of cohorts 2 and 3. This suggests that students’ 

performance on the in-class activity was indeed influenced by whether the TBL activities 

were for a grade. However, the authors found that the iRAT scores did not correlate with 

final examination performance, suggesting that graded readiness assurance activities did 

not influence long-term academic performance. The authors noted that there were more 

failures in the ungraded cohort compared to the graded cohort, but this difference was not 

described as statistically different (13% vs 8%; no p-value provided).  

 There are several important limitations of the above study. First, in the ungraded 

cohort the readiness process (including both the iRAT and tRAT) and application 

activities were weighted zero percentage to the final grade in the course. This is distinctly 

different from having the readiness process contribute to grades in the course based on 

completion, which provides at least some incentive for coming to class and engaging in 

classroom activities. Second, the cohorts were compared across different students in 

different academic years. Although the authors state the course instructors, materials, and 
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examinations were consistent across the three cohorts, variations (however minor) are 

inevitable and cannot be controlled for in a retrospective study. One strength of the study 

was that cohort 1 served as their own control in the ungraded microbiology course 

compared to the graded infectious disease course. Lastly, the ungraded cohort consisted 

of an ungraded iRAT and tRAT. It is unclear how the results would have differed if the 

iRAT served as a single independent variable in the study. 

Most recently, a study by Eudaley et al. (2022) evaluated the impact of a graded 

versus ungraded readiness assurance process in an elective ambulatory care pharmacy 

course. This was also a retrospective cohort study comparing a historical, graded cohort 

(N=47) to an ungraded cohort (N=36). Unlike the Behling et al. (2017) study, the 

ungraded assessments contributed to 2.5% of the final grade in the course, but only in the 

form of participation points. Content was kept the same across the years; however, due to 

the COVID 19 pandemic, the synchronous TBL sessions in the 2021 (ungraded cohort) 

were facilitated using video web conferencing. Student RAT and examination 

performances were analyzed between the two cohorts. In addition, the ungraded cohort 

was provided with a survey evaluating time spent preparing for class, as well as relevant 

items on accountability from the TBL Student Assessment Instrument. The authors found 

no significant difference in iRAT scores between the graded and ungraded cohorts (76% 

vs 74%, p = .301), nor was there a difference in the overall examination grade in the 

course (82% vs 80%, p = 0.146). The results of the survey suggested that students in the 

ungraded cohort still felt a sense of accountability to their peers and prepared each week 

for class.  
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There are a few important caveats of this study. First, this was an elective 

pharmacy course. It is not unreasonable to assume that most of the students were higher 

achieving and more likely to have mastery goals. This could have resulted in selection 

bias, in which the students in the study were less likely to be influenced by grades. 

Second, although the demographics between the graded and ungraded cohorts were 

similar, the retrospective nature of the study prevents rigorous control of potential 

confounders, such as the transition to online learning. This is particularly true given the 

relatively small sample size in the study. Lastly, although the authors stated that the 

content was kept the same year-over-year, the TBL sessions changed from live, in-person 

delivery in the graded cohort to synchronous web conferencing in the ungraded cohort. 

This change in delivery (however unavoidable it may have been) could have influenced 

test and examination integrity, student engagement, and student learning.  

 A third study, performed by Koh et al. (2019), was a quasi-experimental study 

that retrospectively looked at the effects of changing from a graded to an ungraded 

readiness assurance process in an undergraduate medical school curriculum (N = 220). 

The authors analyzed surrogate markers for pre-class preparation (e.g., class material 

download frequency), average iRAT performance, and examination scores for three 

cohorts, each over two academic years. Compared to the graded cohort, the number of 

downloads of the pre-class material in the ungraded cohort dropped by 26-58% 

(depending on the class year). Furthermore, there was a significant drop in iRAT scores 

in the ungraded cohorts (M = 75.35) compared to the graded cohorts (M = 81.17, p<.001). 

This drop in iRAT scores was found to correlate with examination performance at the end 

of the first year (75.35% in the graded cohort v 72.93% in the ungraded cohort, p=0.005), 
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suggesting that the shift from a graded to ungraded RAT process did indeed influence 

academic performance. These effects were observed during the first, but not the second, 

professional year.  

 There were several notable limitations to this study. Similar to the study by 

Behling et al. (2017), the RAT process contributed zero points towards the final grade in 

the undergraduate curriculum. It is plausible that this overly de-incentivized the RAT 

process compared to a RAT process that was graded based on participation points. 

Second, although the findings pointed towards a correlation between ungraded iRATs 

and poorer examination performance, the difference in examination scores in the graded 

and ungraded cohorts was less than 2.5 percentage points. Such a small difference in 

assessment performance must be weighed against the potential downsides that extend 

beyond grades (e.g., added stress and student anxiety). Third, although downloads were 

fewer in the ungraded cohort, it should be noted that this is a surrogate marker and does 

not provide information on how students are consuming the information or actively 

processing it. Lastly, the findings demonstrate correlation between grading condition and 

assessment scores, but a causal inference cannot be made due to the non-experimental 

design of the study. 

Achievement Goals 

Achievement goals can be defined as “the purpose for engaging in competence-

relevant behavior” (Elliot et al., 2017, p. 44) and serve an important role in explaining 

why students engage in learning tasks. The central tenet of achievement goals is 

competence, which is defined based on the standard used in performance evaluation 

(Elliot & McGregor, 2001). Furthermore, standards can be defined as being either 
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normative or intrapersonal, where normative standards are defined based on the 

performance in comparison to others and intrapersonal standards are defined by the 

individual (Elliot & McGregor, 2001). To illustrate this, suppose there are two pharmacy 

students studying for an upcoming final examination covering cardiovascular 

pharmacotherapeutics. Student A happens to have a strong family history of 

cardiovascular disease and has a keen interest in learning about the topic so that she can 

offer help and guidance to her family. On the other hand, Student B has a 3.0 grade point 

average in pharmacy school and is on the cusp of losing an academic scholarship if she 

does not get an “A” on the final examination.  

The standard to define competence for Student A is intrapersonal – she wants to 

learn as much as she can to best help her family. Student B, however, is driven by a 

normative standard – achieving a particular score or grade for fear of losing her 

scholarship. These standards can be defined as mastery (Student A) and performance 

(Student B) goals. Both mastery and performance goals are associated with desirable, or 

undesirable, student characteristics and predict certain behaviors and academic outcomes. 

The relationship between academic outcomes and achievement goal will be reviewed in 

the subsequent sections. Before addressing mastery and performance goals in more detail, 

consideration must also be given to another dimension of competence: valence.  

Valence can be defined as the direction of an individual’s competence (McGregor 

& Elliot, 2002). In our prior example, Student A is presumably positively directed 

towards the learning task. She is focused on succeeding, not failing. On the other hand, 

Student B is likely to have a negative valence towards the learning task because she is 
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driven by fear of failure, and the consequences that would come with losing her academic 

scholarship.  

Taken altogether, the way that students define competence, and the direction that 

it takes, creates a 2x2 achievement goal framework (Elliot & McGregor, 2001). Table 2 

provides the crosstabs of these two dimensions, which make up four distinct achievement 

goals: 1) mastery-approach, 2) mastery-avoidance, 3) performance-approach, and 4) 

performance-avoidance.  

Table 2 

2x2 Achievement Goal Framework  

  How competence is defined… 
  Mastery Performance 
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Mastery-approach 
“Learning for the sake of 

learning” 
Need for success; self-

determination; work-mastery 

Performance-approach 
“Learning to perform well on an 

exam” 
Competitiveness; fear of failure; 

improved examination performance 

N
eg

at
iv

e 

Mastery-avoidance 
“Learning to avoid 
misunderstanding” 

Fear of failure; perfectionism; 
worry; disorganization 

Performance-avoidance 
“Learning to avoid performing 

poorly” 
Fear of failure; poorer examination 
performance; surface processing; 

disorganization 

 

Prior to discussing each of the achievement goals in more detail, it should be 

noted that the focus of this review is on individuals’ achievement goals as it pertains to a 

specific task or situation. This is in contrast to dispositional orientations, which describes 

one’s general tendency or predisposition to evaluate competence across situations (Fryer 

& Elliot, 2007). Achievement goals are task-specific and dynamic, compared to 

dispositional orientations which are more stable. The following sections will discuss the 
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characteristics and qualities for task-specific achievement goals and their relationship to 

learning outcomes and behaviors. 

Mastery-Approach. Mastery-approach goal are associated with positive 

characteristics and adaptive behaviors. Prior studies have demonstrated that mastery-

approach goals are associated with increased student engagement in the classroom, 

persistence, positive emotions, and deep-processing learning strategies (Elliot & 

McGregor, 2001; Elliot & Murayama, 2008; Harackiewicz et al., 1997; McGregor & 

Elliot, 2002; Urdan & Kaplan, 2020). Using the previous analogy of students in a 

cardiovascular pharmacotherapy course, Student A demonstrated a mastery-approach 

goal because she is driven by an intrapersonal standard (i.e., to learn as much as she can 

to help her family members, many of whom have cardiovascular disease) that is 

positively directed (i.e., she is striving towards success, rather than avoidance of failure). 

Mastery-Avoidance. Unlike mastery-approach goals, mastery-avoidance is 

associated with several maladaptive behaviors. The prototypical example of mastery-

avoidance is the perfectionist that strives to avoid making mistakes, or an individual 

focused on not losing existing knowledge or skills (Elliot et al., 2017; Elliot & 

McGregor, 2001). Such goals are driven out of fear of failure and are associated with 

worry, disorganization, and less self-determination (Elliot & McGregor, 2001). An 

example of this is a pharmacy student who learns how to perform a new skill, such as 

sterile compounding or taking a patient’s blood pressure, and is driven to maintain this 

skill out of fear of losing their skills over time. Of note, trichotomous models of 

achievement goals do not include mastery-avoidance as a relevant construct (Midgley et 

al., 2000). 
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Performance-Approach. In contrast to mastery goals, performance goals define 

competence based on a normative standard. Within learning environments, competence 

relative to others serves as the normative standard, which is often defined by grades. 

Performance-approach goals are associated with competitiveness, persistence, higher 

assessment performance, and less help-seeking behaviors (Elliot et al., 2017; Elliot & 

McGregor, 2001; Urdan & Kaplan, 2020). An example of this is a high-performing 

pharmacy student striving to get a 4.0 grade point average to achieve the top rank in their 

pharmacy class. The standard they are using is external (i.e., achieving a certain grade) 

and positively directed toward success.  

Performance-Avoidance. Like mastery-avoidance goals, performance-avoidance 

goals are driven by fear of failure. Unlike mastery-avoidance goals though, performance-

avoidance goals have a normative standard. Performance-avoidance is associated with 

negative emotions, worry, disorganization, and surface processing strategies (Elliot et al., 

2017; Elliot & McGregor, 2001; Urdan & Kaplan, 2020). Using the previous analogy of 

students in a cardiovascular pharmacotherapy course, Student B demonstrated a 

performance-avoidance goal because she was driven by an external standard (i.e., to 

achieve a certain grade) that was negatively directed (i.e., to avoid failure and losing her 

scholarship). 

Achievement Goals in Health Professions Education 

This section will review achievement goals specifically within the context of 

health professions education. Given the significant heterogeneity of how achievement 

goals are measured and defined, only articles using the trichotomous framework 

(mastery-approach, performance-approach, and performance-avoidance) or 2x2 
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framework for measuring achievement goals were included (e.g., AGQ by Elliot & 

McGregor, 2002; AGQ-R by Elliot & Murayama, 2008; PALS by Midgley et al., 2000). 

Articles using a dichotomous framework (e.g., motivated strategies for learning 

questionnaire by Pintrich et al., 1993) were excluded.  

Early Studies on Achievement Goals in HPE. Early studies on achievement 

goals in health professions education built upon the Archer’s seminal research (1994). 

Archer created an instrument to measure mastery and performance orientations in first 

year university students in Australia. Archer also included the construct of academic 

alienation, which was used to define those who had no desire to develop competence. 

Archer’s instrument was validated in a cohort of medicine, nursing, and pharmacy 

education students (Perrot et al., 2001). 

Some of the earliest research on goal orientation in the health professions was 

performed in pharmacy education (Hastings et al., 2001; Perrot et al., 2001). One study 

used the instrument developed by Archer (1994) to measure changes in goal orientation 

in 80 pharmacy students enrolled in the first professional year of pharmacy school 

(Hastings et al., 2001). Students completed the survey during the start of the Fall 

semester and again at the end of the academic year. The authors found a significant 

decrease in mastery orientation from the Fall (M = 4.00, SD = .43) to Spring semesters 

(M = 3.77; SD = .52; p <0.006) and an increase in academic alienation from the start (M 

= 2.77, SD = .59) to end of the academic year (M = 3.13, SD = 0.77, p<.001). A follow-

up analysis of the same students demonstrated a consistent year-over-year decline in 

mastery goal orientation from the start of the four-year professional program (M = 4.00, 

SD = 0.43) to the end (M = 3.67, SD = 0.28, p<.001) (Hastings et al., 2005). Similarly, 
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performance goal orientation declined from the start (M = 3.74, SD = .79) to the end of 

the professional program (M = 3.52, SD = 0.28, p = .0257).  

This study demonstrates an important concept and trend that is highly relevant to 

the present study: achievement goals are dynamic and change with time, interventions, 

and experiences. This opens the door for educators to create intervention studies targeted 

at influencing students’ achievement goals. For example, Gardner (2006) conducted an 

intervention study in which nursing students were taught characteristics of mastery goals 

over a 3-week period. The authors found that mastery goals tended to be higher following 

the intervention. This suggests not only the malleability of goals, but the short time frame 

in which they can be influenced.  

Achievement Goals and Academic Outcomes in HPE. Educators and 

administrators have a keen interest in predicting students’ academic achievement and 

adaptive behaviors. Multiple studies have correlated achievement goals to academic 

achievement in health professional students across a variety of cultures (Alrakaf et al., 

2014; Barkur et al., 2013; Hall et al., 2015; Kool et al., 2016; Li et al., 2021). Alrakaf et 

al. (2014) conducted a study of 380 first- and third-year students in a 4-year bachelor of 

pharmacy degree completed the AGQ. The results of the AGQ correlated with academic 

performance in two required courses within the curriculum. Among first-year students, 

performance-approach and performance-avoidance positively (r=.14, p=.04) and 

negatively (r=-0.14, p=0.03) correlated with academic performance. Among third-year 

students, mastery-avoidance goals negatively correlated with academic performance (r=-

0.31, p<.001). Also noteworthy is that mastery-approach goals were significantly lower 
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in the third-year students (M=5.6, SD=1.0) compared to the first-year students (M=5.9, 

SD=1.2, p=.01).  

Hall et al. (2015) used the AGQ to look at the relationship between achievement 

goals with academic performance in a masters of pharmacy program in the United 

Kingdom. Three-hundred nineteen students completed the questionnaire, and the mean 

achievement goal scores were correlated with academic achievement. Mastery-avoidance 

was found to have a significant negative correlation with academic performance (r=-0.35, 

p=.002). Mastery-approach goals also tended to decrease throughout the professional 

years, whereas avoidance goals tended to increase (Hall et al., 2015). 

Studies in other health professions education programs have shown similar trends 

in achievement goals over time and in association with academic performance (Li et al., 

2021; March & Robinson, 2015; Naismith & Lajoie, 2018). Among 151 nursing students, 

performance-avoidance goals were found to be negatively associated with performance 

on high-stakes examinations (β = 5.2, SE = 2.6, p = 0.05; March & Robinson, 2015). 

Among medical students, performance-avoidance goals positively predicted attention to 

feedback on assignments, whereas performance-approach goals negatively predicted 

attention to feedback (Naismith & Lajoie, 2018). Another study by Li et al. (2021) 

evaluated achievement goals in over 3,500 Chinese medical students and found that 

mastery goals positively correlated with academic performance (β = 0.199, p < .01), as 

did performance-approach goals (β = 0.267, p < .01). Each of these studies is limited by 

the self-reported nature of measuring achievement goals, and the generalizability across 

health professions and education context cannot necessarily be assumed.  
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The Effects of Grades on Achievement Goals. Preparing students to be 

“lifelong learners” within their profession requires graduates to be self-determined and to 

see the value in learning. Such qualities are characteristic of mastery-approach goals 

(Elliot & McGregor, 2001; Harackiewicz et al., 1997; McGregor & Elliot, 2002). 

Traditional grading methods rely on an external, normative standards and promote 

performance goals (Ames, 1992; Elliot & Murayama, 2008; Meece et al., 2006; Pulfrey 

et al., 2011, 2013). Although performance-approach goals are associated with positive 

academic performance, they are not necessarily associated with sustained effort and self-

determined learning. Many health professions programs have transitioned from 

traditional letter grades to pass/fail curricula, in part, to promote mastery goals among 

students (Bloodgood et al., 2009; Reed et al., 2011; Spiess et al., 2022; Spring et al., 

2011; White & Fantone, 2010). Promoting mastery goal orientations is cited as a reason 

for shifting from graded to ungraded iRATs in TBL, but there have been no studies 

comparing whether this shift in grading truly affects achievement goals. 

Grades have been shown to undermine intrinsic motivation and play a mediating 

role in students adopting performance-avoidance goals (Deci et al., 2001; Pulfrey et al., 

2011, 2013). Performance-avoidance goals are inherently antithetical to mastery-

approach goals and are associated with less self-determination, fear of failure, surface 

processing, and poorer examination performance (McGregor & Elliot, 2002). 

Considering this, the potential downsides of overemphasizing individual grades in TBL 

classrooms must be weighed against the benefits. For example, in TBL, students are 

expected to navigate the pre-class preparatory materials and learn foundational 

knowledge before coming to class, at which time they complete the readiness assurance 
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tests and application activities. In an environment where grades are the primary 

individual incentive for pre-class preparation – such as with graded iRATs – students 

may be more likely to adopt performance goals rather than mastery goals. In an 

environment where iRAT grades are de-emphasized, students may be more likely to 

complete pre-class preparation for the sake of learning and their own growth. 

Theoretical Framework 

For educators using TBL, the primary concern with changing from graded to 

ungraded individual readiness assurance tests (iRATs) is that individual preparation is no 

longer incentivized. This mindset, however, neglects other notable incentives within 

TBL, particularly peer accountability and that positive social interdependence that is 

created through shared learning tasks. Social interdependence theory provides the 

premise for why shifting to ungraded iRATs may not necessarily equate to an 

unsatisfactory level of pre-class preparation in all contexts.  

Social Interdependence Theory 

Social interdependence exists in an environment where the actions of one 

individual are affected by others’ actions (Johnson & Johnson, 1989, 2009). Social 

interdependence explains, in part, the widespread success of cooperative learning 

strategies, including TBL (Johnson, 1970, p. 197; Tomcho & Foels, 2012). Cooperative 

learning is a socially mediated form of learning in which students work (and learn) 

together towards a common goal (Johnson, 1971; Schunk, 2020). The social environment 

in cooperative learning strategies, such as TBL, produces different motivational 

perspectives when compared to individual learning (Slavin, 1996). For example, within 
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TBL, team members are successful when the group is successful, which creates an 

interpersonal reward system and positive social interdependence. 

The premise of social interdependence is that the goals of the people in the 

situation determine how they interact, and the people’s interactions determine the 

outcomes of the situation (Johnson & Johnson, 1989). Social interdependence can be 

further characterized as positive or negative. Positive social interdependence exists when 

the actions of an individual promotes the achievement of a joint goal, and negative social 

interdependence exists when the actions of an individual obstruct the achievement of the 

joint goal (Johnson & Johnson, 2009). Studies have demonstrated that having positive 

goal interdependence results in higher achievement and greater productivity (Johnson & 

Johnson, 1989, 2005). The reasons for this are, at least in part, due to responsibility 

forces. Responsibility forces are the result of positive social interdependence and create a 

sense of “ought to” within individuals (Johnson & Johnson, 2009). For example, in TBL, 

positive social interdependence within teams contributes to individuals’ feelings that they 

ought to complete the pre-class preparatory work so that they are prepared for class and 

contribute meaningfully to the team’s performance on the tRAT. 

Applying social interdependence theory to TBL, shared tasks such as the tRAT 

and team application activities encourage the achievement of team goals (Shimizu et al., 

2022). A common strategy to encourage team communication and goal formation is to 

begin the semester by creating a team “contract”, in which teams mutually agree upon 

shared goals and rules (Farland & Beck, 2019; Sibley et al., 2014; Sweet & Michaelsen, 

2012). Often, teams create goals that are related to their performance on various shared 

learning tasks, such as the tRAT. According to social interdependence, in this scenario a 
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team’s motivation to achieve their goals is likely to produce positive social 

interdependence and not only increase team performance, but also individual preparation 

and performance (Johnson, 1970; Johnson & Johnson, 2009). 

The effects of positive social interdependence on individual preparation provides 

the theoretical framework supporting this study. Because of positive social 

interdependence, and the collateral effects on individual accountability, it is plausible that 

students’ motivation to complete pre-class preparation work is less reliant on graded 

iRATs. 

Summary 

Graded iRATs serve as a key motivator for students to complete pre-class 

preparatory materials in TBL; however, the degree to which a graded iRAT process is 

necessary in various contexts, such as health professions education, is unclear. The 

current literature shows mixed findings on how ungraded iRATs influence assessment 

performance. Two studies have demonstrated a modest reduction in iRAT scores when 

they were ungraded, but no consistent or strong correlation with lower examination 

scores (Behling et al., 2017; Koh et al., 2019). Importantly, two of the three studies 

removed the RAT process from the grading structure altogether, as opposed to having 

them formatively count towards grades (e.g., earning a grade for participation). This has 

important implications on students’ motivation to attend class, and the learning benefits 

that stem from in-class activities beyond just the readiness process. Furthermore, and 

perhaps most importantly, the ungraded interventions involved both the iRAT and tRAT, 

rather than isolating the effects of the iRAT alone.  
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It is prudent to consider the impact of graded readiness assurance tests beyond 

assessment performance. A central focus of the present study is on how changes in the 

grading structure for iRATs influence students’ achievement goals. Research has 

demonstrated that grades not only promote performance goals but also undermine 

mastery-approach goals. This shift is in direct opposition with the goals and outcomes of 

health professional programs, which seek to develop self-determined learners that value 

continuous professional development and growth. An area of focus among health 

professions education programs is developing learners that possess the skills, knowledge, 

and attitude to be self-directed, lifelong learners. These qualities are characteristic of 

mastery-approach goals. Indeed, the articles by Behling et al. (2017), Koh et al. (2019), 

and Eudaley et al. (2022) allude to the need to promote mastery achievement goals as a 

key reason for studying the effects of ungraded iRATs. Despite the theoretical arguments, 

none of the studies analyzed actual changes in achievement goals.  

Furthermore, TBL produces positive social interdependence within teams. 

Positive social interdependence is associated with not just improved team performance, 

but also improved individual performance. In consideration of the positive social 

interdependence and implication on individual accountability, the need to motivate 

students through a graded iRAT process becomes less clear.  

  



 

34 
 

CHAPTER THREE: METHODS 

Introduction 

The purpose of this quantitative crossover study was to evaluate the effects of 

graded versus ungraded iRATs on assessment performance and achievement goals in a 

required Doctor of Pharmacy course that uses team-based learning (TBL). This chapter 

will provide a detailed review of the research design, research questions and hypotheses, 

participants and educational context, data collection and instrumentation, procedures, and 

data analysis.  

Research Design 

Learning cannot be directly measured, and thus must be defined by what people 

do, say, or write (Schunk, 2020). In higher education, learning is most often inferred 

based on assessments. Assessment performance can be measured qualitatively (e.g., 

through written feedback) and/or quantitatively (e.g., numeric grade). Within TBL, the 

most common way to assess learning on readiness assurance tests is through quantitative 

methods. Each readiness assurance test question is administered as a selected-response 

question and learners receive points for correct answers. Similarly, just as learning is 

measured indirectly so are achievement goals. Achievement goals are most often 

measured using quantitative questionnaires using Likert scales. Therefore, quantitative 

data on assessment performance and achievement goals were used for this study.  

Changes in assessment performance and achievement goals were measured in 

response to a given intervention (i.e., whether students’ iRAT scores were graded or 

ungraded). Because the study sought to establish a causal effect between an intervention 

and the outcomes of interest, an experimental approach was most appropriate.  
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Several experimental designs could be used to test the hypotheses. For this study, 

a prospective crossover design was used such that subjects participated in both grading 

conditions. This allowed for measurements of the dependent variables (assessment 

performance and achievement goals) in both conditions, with subjects serving as their 

own control. A crossover design was chosen for its unique ability to control for between-

subject confounders, which are otherwise present when conducting parallel or cohort 

studies (Jones & Kenward, 2014). In a crossover study, since individuals receive both 

treatments, they can serve as their own control. Another notable advantage to crossover 

designs is that they maintain a similar type I and type II error risk as parallel studies, 

while relying on a lower sample size (Jones & Kenward, 2014; Wellek & Blettner, 2012). 

This lower sample size allows for a robust analysis within a single academic course, as 

opposed to performing measurements over multiple years. It is worth noting that several 

studies involving TBL in health professions education have used a crossover design, 

partly because of the advantages just described (Bleske et al., 2016; Carbrey et al., 2015; 

Gopalan et al., 2013; Kim & Kim, 2021; Koles et al., 2005; Thomas & Bowen, 2011).  

The crossover design also addressed ethical concerns related to intervention 

deprivation and the impact it could have on student grades. For example, if a parallel 

study were conducted, students in the ungraded iRAT condition would have a potentially 

unfair advantage compared to those in the graded iRAT condition. The crossover design 

mitigates this issue because students participate in both conditions in equal proportions, 

ensuring equitable grading across the course.  

Research Questions and Hypotheses 

The research questions and hypotheses for this study are as follows: 
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Q1. Is there a difference in assessment performance in a Doctor of Pharmacy team-based 

learning classroom based on type of individual readiness assurance tests (graded versus 

ungraded)?  

H10: There is no significant difference in assessment performance, as measured 

by individual readiness assurance test and examination scores, based on 

individual readiness assurance test type (graded versus ungraded) in a TBL 

classroom.  

H11: There is a significant difference in assessment performance, as measured by 

individual readiness assurance test and examination scores, based on individual 

readiness assurance test type (graded versus ungraded) in a TBL classroom.  

Q2. Is there a difference in PharmD students’ achievement goals based on type of 

individual readiness assurance test (graded or ungraded) in a team-based learning 

class? 

H20: There is no difference in pharmacy students’ achievement goals, as 

measured by the Achievement Goal Questionnaire, based on type of individual 

readiness assurance test (graded versus ungraded) in a TBL classroom.  

H21: There is a difference in pharmacy students’ achievement goals, as measured 

by the Achievement Goal Questionnaire, based on type of individual readiness 

assurance test (graded versus ungraded) in a TBL classroom. 

Participants and Sampling 

Participants were recruited from second-year students in the Doctor of Pharmacy 

program at the University of Maryland School of Pharmacy. Convenience sampling of all 

students in the Applied Science and Therapeutics 5 (AST 5): Cardiovascular and 
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Cerebrovascular Disease course during the Fall 2022 semester was used. Convenience 

sampling was chosen given issues with practicality and feasibility of randomly recruiting 

across multiple Doctor of Pharmacy courses or across multiple health professions 

(Creswell & Guetterman, 2019). A preliminary power analysis was performed using 

G*Statistic (Erdfelder et al., 1996). To detect a medium effect size (Cohen’s f = .25) 

using 80% power and alpha of 0.05, a minimum of 33 students was needed in each group 

(Cohen, 1988). There were 91 students in the course, which was enough to meet the 

prespecified sample size. All students in the course were eligible to participate if they 

signed and acknowledged the consent form. As an incentive to participate, students were 

eligible to receive 5 extra credit points on their final examination if they consented and 

completed all elements of the study. (It should be noted that the extra credit points were 

removed from the statistical analysis.) 

Prior to discussing the study procedures, it is prudent to provide an overview of 

the PharmD curriculum, as well as AST 5, to understand the educational context of the 

study. Thus, the following section will provide a brief overview of the PharmD 

curriculum, with a focus on the Applied Science and Therapeutics course series. Then, a 

more detailed overview of AST 5 is provided.  

Educational Context 

Doctor of Pharmacy Curriculum 

 The University of Maryland PharmD program is an accredited, 4-year terminal 

degree program. During the curriculum, students must complete a series of didactic and 

experiential courses (Appendix A). Didactic courses take place over the first three years 

of the program. Students take, on average, approximately 17 didactic credit hours per Fall 
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and Spring semester of their first three years. The fourth professional year is devoted to 

experiential learning.  

The Applied Science and Therapeutics (AST) course series is a required course 

series spanning three semesters within the PharmD curriculum, starting in the Spring of 

the first professional year and ending in the Spring of the second professional year 

(highlighted in red with Appendix A). The course series consists of eight separate courses 

(abbreviated as “AST 1”, “AST 2”, and so forth) that range from 2-4 credit hours each. 

Courses span 4-8 weeks in duration and cover anatomy and physiology, pharmacology, 

and pharmacotherapeutics of various organ systems or diseases. Each course within the 

series has its own course manager(s) and instructors, and in general the instructional 

strategy used is highly variable. Of note, TBL is also used in AST 3, and therefore 

students enter AST 5 having had prior exposure to TBL. 

Applied Science and Therapeutics 5 and Team-Based Learning Procedures 

Applied Science and Therapeutics 5: Cardiovascular and Cerebrovascular Disease 

is a four-credit hour course positioned in the second eight weeks of the Fall semester 

(“Fall B”) in the second professional year. Team-based learning has been the guiding 

instructional strategy in AST 5 since 2020. The course is divided into nine modules, each 

covering anatomy and physiology, pharmacology, and pharmacotherapeutics of various 

cardiovascular or cerebrovascular diseases. There are a total of five instructors, each of 

whom has used TBL for at least two years. Instructors are responsible for creating their 

own learning objectives, readiness materials, readiness assurance test questions, 

application questions, and examination questions for their assigned module. All pre-class 

materials are reviewed by the course manager to ensure the readiness materials stay 
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within the specified contact hours, that the readiness assurance test questions are 

assessing foundational knowledge (rather than application of knowledge) and align with 

the module’s learning objectives, and that the application exercises represent authentic 

scenarios with specific choices for teams to select from. Examination questions also 

undergo a standardized review process. After instructors draft their examination items, 

the course manager reviews them for common item flaws. Revisions are made and then 

the exam is sent out for a final review by all instructors in the course. 

Each module in the course follows the standard three phase “cycle” of TBL 

depicted previously in Figure 1. The pre-class materials for the modules include a 

multimedia selection of pre-recorded lectures, online videos, and readings. Students are 

expected to complete the materials before each live, in-person TBL session. Each TBL 

session is 2.5-hours and consists of the individual and team readiness assurance tests 

(iRAT and tRAT), clarifying discussion, and team application exercises. All in-class 

sessions use InteDashboard™ to facilitate the iRAT, tRAT, clarifying discussion, and 

application activities. InteDashboard™ is a web-based platform specifically designed for 

courses using TBL. All students in the course are given access to InteDashboard™ and 

all instructors receive training on how to use InteDashboard™. 

Consistent with TBL best practices, teams are formed by the course manager and 

consist of 5-6 team members per team (16 total teams in the class). Within the health 

professions, there is no generally accepted method for creating teams based on particular 

student characteristics (e.g., grade point average, personality traits, etc.; Farland et al., 

2019); therefore, teams are randomly generated through a learning management system.  
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 During the course, team members complete a peer evaluation at two different time 

points: one at the midway point in the course (i.e., after module 4) and one at the 

conclusion of the course. The peer review process uses a combination of qualitative and 

quantitative feedback. The Michaelsen method, in which students are given a set number 

of points (e.g., 50 points) and are asked to distribute them across their team members, 

serves as the primary quantitative component (Cestone et al., 2008). Then, students 

provide written feedback for each of their team members. Students are graded based on 

both the score provided by their team members and the quality of the feedback they 

provided. Following each peer evaluation, students can see their scores and feedback 

from team members.  

Data Collection 

Data on assessment performance was collected from October through December 

(“Fall B” semester) of 2022. Data were stored using InteDashboard™, Exam Soft™, and 

the learning management system (LMS). InteDashboard™ is a web-based software 

designed specifically for TBL classrooms, and all students in the course are provided a 

subscription by the University of Maryland School of Pharmacy. Individual readiness 

assurance tests were completed using InteDashboard™. Examinations were completed 

using Exam Soft™, which is a secure assessment software used for summative 

assessments at the University of Maryland School of Pharmacy. The assessment scores 

were transferred from InteDashboard™ and Exam Soft™ to the LMS for storage and 

grade calculations.  

Demographic information and data on achievement goals were collected using 

two separate questionnaires administered through Qualtrics (Qualtrics, Provo, UT). 
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Student names were collected to match participants’ survey responses for performing the 

within-subject analysis. Age, gender, grade point average (GPA), and English as a second 

language were collected as baseline variables to test for imbalance between groups. The 

first survey also contained the consent process, which students were required to 

acknowledge and sign before participating (Appendix D).  

The Achievement Goal Questionnaire (AGQ; Elliot & McGregor, 2001) was used 

to measure achievement goals. All questionnaire items were adapted from the original 

AGQ. Permission was obtained from the original study authors, Elliot & McGregor, to 

use the AGQ for our study (see Appendix C for an electronic copy of the 

communication).  

The AGQ consists of 12 questionnaire items, which are divided across four 

achievement goals. Table 3 contains a list of the achievement goals, their designated item 

codes, and the questionnaire items associated with them. Consistent with the original 

AGQ by Elliot & McGregor (2001), a 7-point Likert scale ranging from 1 (“not true at all 

of me”) to 7 (“very true of me”) was used. Each item in the instrument was scored based 

on the Likert scale response (e.g., Likert response of 1 is equal to a score of 1). The 

lowest score is 1 and the highest is 7. For each achievement goal, a sum score is 

calculated. Sum scores for each achievement goal are then averaged to provide an overall 

mean. 
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Table 3 
 
Achievement Goal Questionnaire Items and Codes 

Achievement Goal Item Code Questionnaire Items 
Performance-
Approach (P-AP) 

PAP1 
 

PAP2 
 

PAP3 
 

“It is important for me to do better than other 
students.” 
“It is important for me to do well compared to 
others.” 
“My goal in this class is to get a better grade than 
most of the other students.” 

Performance-
Avoidance (P-AV) 

PAV1 
PAV2 

 
PAV3 

 

“I just want to avoid doing poorly in this class.” 
“My goal in this class is to avoid performing 
poorly.” 
“My fear of performing poorly in this class is often 
what motivates me.” 

Mastery-Approach 
(M-AP) 

MAP1 
 

MAP2 
 
 

MAP3 

“I want to learn as much as possible from this 
class” 
“It is important for me to understand the content 
of this course as thoroughly as possible.” 
“I desire to completely master the material 
presented in this class” 

Mastery-
Avoidance (M-
AV) 

MAV1 
 

MAV2 
 

MAV3 

“I worry that I may not learn all that I possibly 
could in this class” 
“Sometimes I’m afraid that I may not understand 
the content of this class as thoroughly as I’d like” 
“I am often concerned that I may not learn all that 
there is to learn in this class” 

 

 The AGQ (Elliot & McGregor, 2001) was initially validated in undergraduate 

college students. Based on the exploratory factor analysis, the four factors (achievement 

goals) accounted for 81.5% of the total variance in the study. Each of the four factors had 

an eigenvalue >1. Taken altogether, the results validated the premise that there are four 

separable achievement goal constructs. Following the initial studies, the AGQ was 

revised (AGQ-R; Elliot & Murayama, 2008) to address weakness of the original 

questionnaire. Though the original questionnaire items were retained, the wording was 

updated to enhance rigor and reliability. In addition, the Likert scale was changed to a 5-

point scale (1 = strongly disagree; 5 = strongly agree). Confirmatory factor analysis 



 

43 
 

confirmed high levels of internal consistency across the four achievement goals (> 0.80) 

in a similar undergraduate college population as the original study by Elliot and 

McGregor (2001).  

Since the time of the original studies, the AGQ (Elliot & McGregor, 2001) and 

AGQ-R (Elliot & Murayama, 2008) have been used and validated across a range of 

cultures and training levels (Apostolou, 2013; Cook et al., 2017; Elliot & Murayama, 

2008; Raccanello & Brondino, 2016; Rosas, 2015). Most relevant to the present research 

is an international validation study in pharmacy students performed by Alrakaf et al. 

(2014). In this study, researchers compared the psychometrics of the original AGQ (Elliot 

& McGregor, 2001) and AGQ-R (Elliot & Murayama, 2008) among international 

pharmacy students from Australia, the United Kingdom, and a combined cohort of New 

Zealand and the United States (US). Surprisingly, they found that in each of the 

pharmacy cohorts the original AGQ (Elliot & McGregor, 2001) demonstrated a superior 

fit to the AGQ-R (Elliot & Murayama, 2008).  

An important limitation to note from the study by Alrakaf et al. (2014) is the 

difference in pharmacy education internationally versus within the US. Within the US, all 

schools and colleges of pharmacy are Doctorate programs, whereas internationally it 

remains a 4-year Bachelor of Pharmacy degree. Despite these differences, the study 

investigators combined the US and New Zealand schools into a single cohort during 

confirmatory factor analysis. It’s possible that combining these into a single cohort may 

have conflated the findings. To gain additional insight and determine if a separate US-

only analysis was performed, an inquiry was sent to the study investigators. The 

investigators noted that because the “[confirmatory factor analysis] fitted adequately 
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without modification strongly suggests that the [United States] and [New Zealand] data 

most probably had similar underlying factor structure” (Appendix B; L. Smith & G. 

Rose, personal communication, February 24, 2022). This suggests that similar findings 

would have been found if the New Zealand and United States cohorts were analyzed 

separately. Taken altogether, the original AGQ (Elliot & McGregor, 2001) appears to 

demonstrate a superior fit compared to the AGQ-R (Elliot & Murayama, 2008) in studies 

involving pharmacy students.  

Procedures 

The subsequent sections outline the procedures for how the study was conducted. 

Approval was obtained through the University of Maryland Baltimore’s institutional 

review board prior to conducting the study.  

Study Sequencing and Grading Conditions 

Students were randomly assigned to teams of 5-6 members during the Fall 

semester of AST 3 in 2022, and these same teams were used during AST 5. Student 

teams were allocated to one of two grading sequences during AST 5 (Table 4 and Figure 

3). Students in TBL teams 1-8 were assigned to a graded (G) iRAT condition during 

period 1, followed by an ungraded (UG) iRAT condition during period 2 (denoted as the 

“G/UG” group henceforward). Students in TBL teams 9-16 were assigned to an ungraded 

(UG) iRAT condition during period 1, followed by a graded (G) iRAT condition during 

period 2 (denoted as the “UG/G” group henceforward). Of note, students were assigned 

to an intervention sequence regardless of their decision to participate in the study; 

however, only data for students who completed consent were included in the analysis.  
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Table 4 
 
Intervention Sequencing Based on Team Number 

Intervention Sequence Period 1 
(Modules 1-4) 

Washout  
(Module 5) 

Period 2 
(Modules 6-9) 

Graded/Ungraded (G/UG) Group: 
Teams 1-8 
 

Graded iRATs Ungraded 
iRATs 

Ungraded 
iRATs 

Ungraded/Graded (UG/G) Group: 
Team 9-16 

Ungraded 
iRATs 

Ungraded 
iRATs 

Graded iRATs 

 

Figure 3 
 
Study Sequencing and Timeline

 

Each period was distributed over four modules in the course, as indicated in Table 

5. Modules were similar in size and structure across the two periods and followed a 

traditional TBL “cycle”. Period 1 included modules 1-4 and period 2 included modules 6-

9. Module 5 served as a blanking, or washout, period and thus was not included in the 

analysis.  
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Table 5 
 
Applied Science and Therapeutics 5 Modules 

Period Module # and Topic Instructor Date Range  
 
 
1 

1 – Hypertension  A 10/18/22 – 10/21/22 
2 – Dyslipidemia  B 10/22/22 – 10/25/22 
3 – Acute Coronary Syndrome  B 10/26/22 – 11/1/22 
4 – Primary Prevention C 11/2/22 – 11/4/22 

 EXAM 1 A, B, C 11/8/22 
Washout 5 – Venous Thromboembolism  D 11/9/22 – 11/11/22 
 
 

2 

6 – Chronic Heart Failure I  A 11/12/22 – 11/18/22 
7 – Chronic Heart Failure II  A 11/19/22 – 11/22/22 
8 – Arrhythmias  D 11/23/22 – 11/29/22 
9 – Stroke E 11/30/22 – 12/2/22  
EXAM 2 A, D, E 12/9/22 

 

Student Acknowledgement of Intervention Sequencing 

To ensure that students were psychologically aware of their assigned grading 

condition during each period, students were given multiple notifications throughout the 

semester. A brief introductory video to the course explained the variable grading 

structure of the iRATs. In addition, all students were required to acknowledge their 

team’s assigned iRAT grading condition prior to advancing through the modules in each 

study period. Adaptive release features were used in the learning management system 

such that without acknowledgement of their individual iRAT grading condition, none of 

the modules in the course would be accessible. The acknowledgement and adaptive 

release features were required to be completed at the start of period 1 (i.e., before 

beginning module 1) and period 2 (i.e., before beginning module 6).  

Administering Achievement Goal Questionnaires 

At the conclusion of period 1, all students received an email link to the first 

survey, which contained the informed consent, demographic questions, and AGQ (Elliot 

& McGregor, 2001). Students were also notified using the learning management system. 
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Students wishing to participate were required to complete the survey before taking their 

first examination. During period 2, the second survey was distributed following module 9 

and was required to be completed before examination 2.  

A copy of the survey can be found in Appendix D. The original wording of 

questionnaire items in the AGQ (Table 3) was modified to include a qualifier intended to 

help frame the statement for students in the course (e.g., “It is important for me to do 

better than other students in AST 5”). To reduce order effect, all questionnaire items for 

the AGQ were presented randomly, with only one question per page. 

Creating and Administering Graded Assessments 

Readiness Assurance Tests  

Each readiness assurance test in the course consisted of five single-best answer 

selected-response questions assessing foundational knowledge from the pre-class 

readiness process. Each iRAT question was assigned 1-point (5 total points per iRAT). 

The iRATs contributed a total of 7.5% towards the final grade in the course. Those in the 

graded condition received a score based on the number of questions answered correctly. 

Those in the ungraded condition received full credit for completing the iRAT, regardless 

of how many questions were answered correctly. Students with unexcused absences 

received a “0”, regardless of grading condition. The instructor assigned to each module 

was responsible for creating the readiness assurance test questions. All questions were 

submitted to the course manager and reviewed for item flaws and checked for alignment 

with the module outcomes.  

Students were given 6-minutes to complete the iRAT in InteDashboard™. Raw 

scores were stored for analysis, regardless of whether students were in the graded or 
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ungraded condition. Although students were aware of the assigned iRAT grade condition, 

they were not provided their scores or answers to the questions until after they completed 

the tRAT.  

Following the iRAT, students immediately transitioned into the tRAT. Teams had 

10 minutes to complete the tRAT and received immediate feedback after each question. 

Team readiness assurance tests were graded for correctness, rather than completion, 

throughout the course. In other words, only the iRAT grading structure varied from 

period-to-period.  

To ensure exam integrity, two instructors were present during the iRAT to 

proctor. All questions were displayed one at a time (as opposed to all questions on one 

page) and all answer options were randomized. Students were asked to shut their 

computer upon completing the iRAT. Only one student was permitted to have their 

computer open during the tRAT to prevent other students from using their computers to 

look up the answers. Of note, students with an excused absence for a TBL session did not 

complete a make-up iRAT. Instead, their iRAT grade in the course was determined by the 

number of iRATs that they were present for. Students without an excused absence 

received a zero on the assessment. 

Examinations 

 The two examinations were composed of selected-response questions, either as a 

single-best answer or select all that apply. Instructors were responsible for creating their 

own examination questions. Examination questions were distributed evenly across the 

course based on the volume of content, with an approximately equal share distributed into 
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each module. Instructors were provided with a guide on best practices for examination 

writing. 

The course manager completed a review of all examination items. This included a 

review for item flaws (e.g., inaccurate information, typographical errors, etc.) and 

alignment with module and course objectives. Corrections were made following this 

initial revision, and then the examination was subsequently sent out for review by all 

instructors in the course. Prior to final approval, the course manager completed a preview 

version of the test in Exam Soft™. Each examination item was equally weighted worth 1-

point. Following the examination, the course manager and instructors reviewed the item 

analysis for each question. Problem questions were reviewed, and adjustments made as 

needed. 

To preserve the integrity of the examinations, examinations were proctored each 

time. In addition, students are required to take their examinations in Exam Soft™, which 

prevents access to the internet or other applications. Exam question sequence and answer 

choices were electronically randomized. 

Data Analysis 

At the conclusion of the semester, demographic information, assessment scores, 

and questionnaire data were downloaded from the learning management system (LMS) 

and Qualtrics (Qualtrics, Provo, UT) and imported into SPPS Statistics for Windows 

(version 29). All data analysis was performed using SPPS Statistics for Windows, version 

29 (IBM Corp., Armonk, N.Y., USA). After the grades and survey data were compiled 

and matched to each respective student, each participant was assigned a study number 

and de-identified. Descriptive statistics were used to compare baseline demographic 
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information variables (e.g., work history, gender, age, grade point average). Chi-square 

test was used to analyze baseline differences in categorical variables (e.g., gender, 

English as a second language) and student’s t-test was used for baseline differences in 

continuous variables (e.g., age, GPA).  

Multivariate analysis of variance requires two or more continuous dependent 

variables. Examination and iRAT scores were the continuous dependent variables for 

analyzing changes in assessment performance. The four achievement goal scores served 

as the continuous dependent variables for analyzing changes in achievement goals. 

Grading condition served as the categorical independent variable. Univariate outliers 

were analyzed using boxplots and Q-Q plots. Multivariate outliers were measured using 

Mahalanobis distance. The assumption of normality was tested using the Shapiro-Wilk 

test. Linearity between each group of dependent variables was measured using scatterplot 

matrices. Homogeneity of variance-covariance matrices were tested using Box’s M test 

of equality of covariance with follow-up testing using Levene’s test. Lastly, correlation 

testing was used to test that there was no multicollinearity.  

To detect a medium effect size (Cohen’s f  = .25) with 80% power and alpha 

equal to .05, an estimated sample size of 33 students in each group is needed. For 

comparison, a total of 198 students would be needed in each group to detect a small 

effect (Cohen’s f  = .10). A total of 14 students in each group would be needed to detect a 

large effect (Cohen’s f  = .40). A medium effect size was chosen based on what was 

feasible from the anticipated size of the convenience sample. 
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Data Screening 

 Data screening was performed for each group’s dependent variables (iRAT 

scores, examination scores, and achievement goal scores). A total of eight students’ 

iRATs had one missing value because of excused absences, which accounted for only 1% 

of all administered iRATs in the course. Missing iRAT scores due to excused absences 

were accounted for as part of the mean iRAT score (i.e., mean scores were calculated 

using the total number of iRATs that the student was present for). Examination 

performance was available for all students. Review of box and whiskers plots 

demonstrated five outliers across all assessments in the course, which accounted for 

<2.5% of the data points. Given the low number of outliers, the data points were kept for 

the primary analysis. Similarly, <5% of the achievement goal scores were outliers. These 

data points were maintained in the primary analysis. 

 Survey data was available for all students, except for one student who did not 

complete the second survey. This data was removed from the analysis on achievement 

goals. 

Assessment Performance 

Raw iRAT and examination scores were converted to percentage scores. The 

iRAT scores were averaged over the four modules in each study period. For students with 

excused absences, scores were averaged based on the number of iRATs for which they 

were present. Because assessment performance was assessed using two separate 

dependent variables (i.e., iRAT scores and examination scores), repeated measures 

multivariate analysis of variance of within-subject differences was used to test for an 

effect of the grading condition on assessment performance (Jones & Kenward, 2014). To 
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test individual variables, univariate testing using one-way analysis of variance with 

Bonferroni correction was performed. Analysis of variance was also used to measure 

period and carryover effects. Period effects were analyzed using differences in 

assessment scores within each group and for each study period. Carryover effects were 

analyzed using between-subject differences in effects based on study period and 

treatment (Jones & Kenward, 2014).  

The data were analyzed visually using Q-Q plots, histograms, and boxplots 

(Appendix E). Within-subject differences in iRAT scores and examination scores for 

each group followed an approximately normal distribution. Using the Shapiro-Wilk test, 

the within-subject differences in iRAT and examination performance did not violate the 

assumption of normality for either of the groups. Using Mahalanobis distance, no 

significant multivariate outliers were identified. 

The Box’s M test value was 7.158, indicating equal variance-covariance matrices 

across the dependent variables (F(10, 37483) = .681, p = .743). Correlation tests 

demonstrated no multicollinearity between mean differences in iRAT scores and exam 

scores (r = .026). 

Achievement Goals 

Likert responses were scored on a scale from 1-7. The sum of scores for the three 

questions in each achievement goals were averaged to determine a mean achievement 

goal score. Within-subject differences in mean achievement goal scores between periods 

1 and 2 were used for inferential analysis. It should be noted that the ideal approach to 

analyzing Likert response data is controversial; however, it is generally accepted that, for 

large sample sizes (i.e., greater than 10-20 observations per group), parametric tests are 
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appropriate even if the data is non-normally distributed (Derrick & White, 2017; Sullivan 

& Artino, 2013). This approach does run the risk of detecting a statistically significant 

difference when one does not exist (type I error), but with large sample sizes the risks are 

similar to that of non-parametric alternatives (Derrick & White, 2017). It should be noted 

that transformation of the data (e.g., logarithmic transformation) would have been 

inappropriate given the dependent variables are ordinal, rather than continuous.  

Change in achievement goals was analyzed using within-subject differences in 

each of the four achievement goal scores from the Achievement Goal Questionnaire 

(Elliot & McGregor, 2001). Repeated measures multivariate analysis of variance test was 

used to analyze within-subject differences. Analysis of variance was also used to measure 

period and carryover effects. Period effects were analyzed using differences in 

achievement goal scores within each group and for each study period. Carryover effects 

were analyzed using between-subject differences in effects based on study period and 

treatment (Jones & Kenward, 2014).  

Data tables and plots were used for assumption testing (Appendix F). In summary, 

the mean within-subject differences in achievement goals demonstrated a non-normal 

distribution. This is expected given the scores are based on a 7-point ordinal scale. Using 

the Shapiro-Wilk test, the data for mastery-approach (MaP) did not meet the assumption 

of normality for the G/UG (W = .890; p < .001) and UG/G (W = .849; p < .001) groups. 

Similarly, the performance-approach data (PaP) for the UG/G group did not meet the 

assumption of normality (W = .921; p = .006). Box’s M test did, however, indicate 

homogeneity of variance-covariance matrices, F(36,25623) = 1.044, p = .396. Correlation 

tests demonstrated no multicollinearity between achievement goals (r = .20). Analysis of 
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variance offers robust protection against violations in normality; therefore, since other 

assumptions were not violated, multivariate analysis of variance was used for the primary 

analysis. 

Summary 

In summary, this study is a prospective crossover study comparing the effects of 

graded versus ungraded iRATs on assessment performance and achievement goals. The 

study was conducted in a required four credit hour second-year pharmacotherapy course 

within a Doctor of Pharmacy curriculum. The course took place during the Fall “B” 

semester of 2022. Students were randomly assigned to 16 TBL teams at the start of the 

course. Eight teams participated in a graded iRAT process during period 1, while the 

other eight teams participated in an ungraded iRAT process. At the approximate midpoint 

in the semester, the teams crossed over to the other grading condition for period 2. Each 

study period included four iRATs, one examination, and one administration of the AGQ 

(Elliot & McGregor, 2001). Best practices for TBL were followed. 

Assessment performance was determined using iRAT and examination scores. 

The iRAT consisted of a series of selected response questions covering foundational 

concepts from the pre-class preparatory materials. InteDashboard™ was used to collect 

readiness assurance test data. Examination data was collected using Exam Soft™. All 

assessment questions underwent a quality assurance review to correct item flaws and 

ensure alignment with course and module objectives.  

Achievement goals were measured using the AGQ (Elliot & McGregor, 2001). 

Students completed the AGQ at the conclusion of each study period. Students were 

eligible to receive 5 extra points, added to their final examination in the course, for 
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completing both AGQs. Extra credit was removed from the analysis prior to conducting 

statistical testing on assessment performance. 

Multivariate analysis of variance tests (MANOVA) was performed to test each of 

the research questions. Tests for period and carryover effects were performed. If a 

statistically significant main effect for iRAT grading condition was detected, univariate 

testing using one-way analysis of variance with Bonferroni correction was used.  
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CHAPTER FOUR: RESULTS 

Introduction 

 In this crossover study, Doctor of Pharmacy (PharmD) students in their second 

professional year were assigned to two grading sequences for individual readiness 

assurance tests (iRATs) during a team-based learning (TBL) course. Students in the 

graded condition (G) had iRAT scores determined by correctness. Students in the 

ungraded condition (UG) had iRAT scores based on completion. The primary outcomes 

of the study were within-subject differences in 1) assessment scores, as measured by 

iRAT and examination scores, and 2) achievement goal scores. This section will review 

the descriptive statistics and primary findings for each of the research questions on 

assessment performance and achievement goals. 

Descriptive Statistics 

 All students in the course signed and acknowledged the consent form (N=91). 

Forty-seven students were in the G/UG grading sequence and 44 students in the UG/G 

grading sequence. The mean age of participants was 25.42 years (SD = 3.98), and the 

average grade point average (GPA) was 2.89 (SD = .47). Overall, 65.9% of participants 

were female and 28.6% spoke English as a second language. Bivariate comparisons 

between groups demonstrated similar baseline characteristics including age, GPA, 

gender, and English as a second language (Table 6). There were no statistically 

significant differences noted between groups. 
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Table 6 
 
Univariate and Bivariate Baseline Characteristics of Participants 

 
Overall Group 1 

(G/UG) 
n = 47 

Group 2 
(UG/G) 
n = 44 

p 

Age, years, M (SD) 25.42 (3.98) 25.43 (4.00) 25.41 (3.99) .764 
GPA, M (SD) 2.89 (.47) 2.84 (.43) 2.95 (.51) .373 
Gender    .655 

Female, n (%) 60 (65.9) 32 (68.1) 28 (63.6)  
Male, n (%) 31 (34.1) 15 (31.9) 16 (36.4)  

English as a second language, 
n (%) 

26 (28.6) 11 (23.4) 15 (34.1) .259 

Note. There were no statistically significant differences in baseline 
characteristics between groups. GPA = grade point average; M = mean; n = 
number of participants; SD = standard deviation 

 

 

Findings 

Assessment Performance 

Tables 7 and 8 outline the performance statistics for iRATs and examinations, 

respectively. There were 5 questions per iRAT in each study period (20 questions total 

per period). The mean iRAT scores were 3.49 out of 5 (69.72%) and 3.54 out of 5 

(70.77%) for study period 1 and 2, respectively. The mean examination scores were 

46.86 out of 60 (80.79%) and 47.53 out of 60 (80.56%) for examinations 1 and 2, 

respectively. The assessment score reliability (KR20) value indicated that the exams had 

satisfactory-to-good internal consistency.  
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Table 7 
 
Individual Readiness Assurance Test Statistics 

 Period 1  
(Modules 1-4) 

Period 2 
(Modules 6-9) 

Total iRAT Questions 20 20 
Total Question per iRAT 5 5 
Questions Withdrawn 0 0 
iRAT Performance (per iRAT)   

M, raw (SD) 3.49 (.60) 3.54 (.77) 
M, % (SD) 69.72 (12.04)) 70.77 (15.54) 

Note. M = mean; iRAT = individual readiness assurance test; SD = standard deviation 

 

Table 8 
 
Examination Statistics 

 Examination 1 Examination 2 
Total Original Questions 60 60 
Questions Withdrawna 2 1 
Final Number of Questions 58 59 
Examination Performance   

M, raw (SD) 46.86 (5.21) 47.53 (5.13) 
M, % (SD) 80.79 (11.11) 80.56 (10.79) 
Assessment Score Reliability 

(KR20) Factor 0.74 0.72 

Note. M = mean; iRAT = individual readiness assurance test; SD = standard deviation; 
KR20 = Kudor-Richardson 20. 
aQuestions withdrawn contained items flaws, had a high degree of difficulty (<60% 
correct), and low discrimination (d < .15).  

 
The omnibus test demonstrated a statistically significant main effect of the iRAT 

grading condition on assessment performance, F(2,88) = 3.851, Wilks’ Λ = .992, η2 

=.080, p = .025 (Table 9). There were no significant within-subject differences based on 

treatment period, F(2,88) = .288, η2 =.008, p = .750. Furthermore, between-subject 

differences based on intervention sequence were also similar, F(2,88) = 340, η2 =.008, p 

= .713. These findings indicate that that there were no significant period or carryover 

effects, respectively, and that the observed treatment effect was due to differences in 
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grading condition and not external factors. Based on these findings, the null hypothesis 

that there is no difference in assessment performance based on iRAT grading condition 

was rejected. 

Table 9 
 
Multivariate Analysis of Within-Subject Differences in Assessment Scores  

 
Wilks’ Λ F Hypothesis 

df 
Error  

df 
p η2 

Between-Subject 
Carryover Effect .992 .340 2.000 88 .713 .008 

Within Subjects 
Period Effect .993 .288 2.000 88 .750 .007 
iRAT Condition Effect .920 3.851 2.000 88 .025 .080 

Note: df = degrees of freedom; iRAT = individual readiness assurance test 
 

Univariate testing using one-way analysis of variance with Bonferroni adjustment 

demonstrated a significant effect of the iRAT grading condition on iRAT scores (F(1,89) 

= 6.813, p = .011, η2 =.071) but not on examination scores (F(1,89) = .723, p = .397, η2 

=.008) (Table 10). Within-subject iRAT scores were 4.53% (SD = 17.09) higher during 

the graded iRAT condition than the ungraded condition. Figures 4 and 5 depict the 

difference in iRAT scores and examination scores, respectively, for each group during 

periods 1 and 2.  

Table 10 
 
Analysis of Variance of Within-Subject Differences in Assessment Scores 

Assessment Sequence Period 1 Period 2 Within-Subject 
Differences  
(G – UG) 

F 
(1,89)  

η2 p 

M SD M SD M SD  
iRAT G/UG 71.95 10.89 68.62 13.95 3.33 15.12 6.813 .071 .011 UG/G 67.35 12.87 73.07 16.92 5.72 17.92 
Exam G/UG 79.82 9.24 80.31 9.01 .49 9.21 .723 .008 .397 UG/G 81.82 8.70 80.82 8.45 1.00 7.29 

Note. G = graded; UG = ungraded 
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Figure 4 
 
Mean Individual Readiness Assurance Test Scores by Period and Group 

 
Note. Mean iRAT scores based on study period and group sequence are shown here. 

There was a statistically significant effect of iRAT grading condition on iRAT 

performance (p = .011). No period or carryover effects were observed. Error bars 

represent standard error. iRAT = individual readiness assurance test; G = graded; UG = 

ungraded.  
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Figure 5 
 
Mean Examination Scores by Period and Group 

 
Note. Mean examination scores based on study period and group sequence are shown 

here. There was no statistically significant effect of iRAT grading condition on 

examination performance. No period or carryover effects were observed. Error bars 

represent standard error. iRAT = individual readiness assurance test; G=graded; 

UG=ungraded.  

 

Achievement Goals 

Mean and median achievement goal scores by group can be found in Table 11. 

Participants’ achievement goal scores tended to be highest on mastery-approach and 

lowest on performance-approach, regardless of period or group.  
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Table 11 
 
Achievement Goal Scores by Group and Period 

Achievement Goals by Group Period 1 Period 2 
M (SD) Mdn M (SD) Mdn 

Performance-Approach (PAp)     
G/UG 
UG/G 

4.70 (1.39) 5 4.16 (1.25) 4.33 
4.98 (1.57) 5 4.67 (1.59) 5 

Performance-Avoidance (PAv)     
G/UG 
UG/G 

5.79 (1.23) 6 5.67 (1.04) 5.67 
5.54 (1.30) 6 5.26 (1.59) 5.67 

Mastery-Approach (MAp)     
G/UG 
UG/G 

6.16 (.75) 6 5.92 (.91) 6 
6.27 (.74) 6.33 6.33 (.63) 6.33 

Mastery-Avoidance (MAv)     
G/UG 
UG/G 

5.26 (1.34) 5.33 4.98 (1.04) 5 
5.10 (1.34) 5.33 4.83 (1.52) 5 

Note. Mean and median are provided for completeness. Inferential statistics were 
performed using within-subject differences in mean achievement goal scores. G = graded; 
UG = ungraded; M = mean; Mdn = median; SD = standard deviation 
 

The omnibus test demonstrated no significant effect of the iRAT grading 

condition on achievement goal scores, F(4,85) = 1.109, Wilks’ Λ = .940, p = .358, η2 

=.050 (Table 12). There was no significant carryover effect present, (F(4,85) = 1.979, 

Wilks’ Λ = .915, p = .105, η2 =.085). Based on these findings, the null hypothesis that 

achievement goals are unchanged based on iRAT grading condition was not rejected. 

There was, however, a statistically significant period effect (F(4,85) = 4.401, Wilks’ Λ = 

.828, p = .003, η2 =.172), indicating that achievement goal scores may have differed in 

each period due to external factors and not iRAT grading condition.  
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Table 12 
 
Multivariate Analysis of Within-Subject Differences in Achievement Goal Scores Based 
on iRAT Grading Condition 

 
Wilks’ Λ F Hypothesis 

df 
Error  

df 
p η2 

Between-Subject  
Carryover Effect .915 1.979 4 85 .105 .085 

Within Subjects 
Period Effect .828 5.001 4 85 .003 .172 
iRAT Condition Effect .950 1.109 4 85 .358 .050 

Note. df = degrees of freedom; iRAT = individual readiness assurance test 

Figures 6-9 show each of the achievement goal scores by iRAT grading condition 

across study periods. Univariate testing using one-way analysis of variance with 

Bonferroni correction was performed to determine which achievement goal scores had a 

significant period effect. A statistically significant period effect was present for 

performance-approach (F(1,85) = 11.777, p < .001, η2 =.118) and mastery-avoidance 

(F(1,85) = 5.001, p = .028, η2 =.054). Additional analysis was not performed since there 

was no treatment effect (i.e., no effect of iRAT grading condition on achievement goal 

scores).  
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Figure 6 
 
Mastery-Approach Scores by iRAT Grading Condition 

 
Note. Mean mastery-approach scores based on study period and group sequence are 

shown here. There was no statistically significant effect of iRAT grading condition on 

mastery-approach scores. No period or carryover effects were observed. Error bars 

represent standard error. iRAT = individual readiness assurance test; G=graded; 

UG=ungraded.  
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Figure 7 
 
Mastery-Avoidance Scores by iRAT Grading Condition 

 
Note. Mean mastery-avoidance scores based on study period and group sequence are 

shown here. There was no statistically significant effect of iRAT grading condition on 

mastery-avoidance scores. A statistically significant period effect was observed (p = 

.028). No significant carryover effect was observed. Error bars represent standard error. 

iRAT = individual readiness assurance test; G=graded; UG=ungraded.  
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Figure 8 
 
Performance-Approach Scores by iRAT Grading Condition 

 
Note. Mean performance-approach scores based on study period and group sequence are 

shown here. There was no statistically significant effect of iRAT grading condition on 

performance-approach scores. A statistically significant period effect was observed (p < 

.001). No significant carryover effect was observed. Error bars represent standard error. 

iRAT = individual readiness assurance test; G=graded; UG=ungraded. Error bars 

represent standard error. 
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Figure 9 
 
Performance-Avoidance Scores by iRAT Grading Condition 

 
Note. Mean performance-avoidance scores based on study period and group sequence are 

shown here. There was no statistically significant effect of iRAT grading condition on 

performance-avoidance scores. No statistically significant period or carryover effects 

were observed. Error bars represent standard error.  iRAT = individual readiness 

assurance test; G=graded; UG=ungraded. Error bars represent standard error. 

 
Summary  

In summary, 47 students participated in the G/UG group and 44 students in the 

UG/G group. Baseline characteristics were similar between the two groups. The omnibus 

test for assessment performance demonstrated a statistically significant difference based 

on iRAT grading condition. Univariate testing with one-way analysis of variance and 

Bonferroni correction demonstrated that students in G condition had an average iRAT 
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score 4.53% higher than the UG condition (SD = 17.09, p = .011). Examination 

performance, however, was similar in the G and UG conditions. There were no 

statistically significant interactions for period or carryover effects.  

The omnibus test for achievement goals did not demonstrate a statistically 

significant difference based on iRAT grading condition. There was, however, a 

statistically significant period effect, indicating that factors other than iRAT grading 

condition influenced students’ achievement goals. No significant carryover effects were 

detected.  
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CHAPTER FIVE: DISCUSSION 

Introduction 

 In this prospective, quantitative crossover study of second-year Doctor of 

Pharmacy students in a team-based learning (TBL) course, assessment scores were 

statistically significantly different when iRATs were graded compared to when they were 

ungraded. Specifically, iRAT scores were lower in the ungraded iRAT condition; 

however, examination scores were not statistically significantly different. Furthermore, 

achievement goals did not differ based on iRAT grading condition. This chapter will 

discuss these findings in the context of the existing literature and theory. Then, 

implications and limitations of the study and recommendations for future research are 

discussed.  

Interpretation of Findings 

The results of this study demonstrated that differences in iRAT performance exist 

based on whether the iRAT is graded versus ungraded; however, the change in iRAT 

grading condition had no bearing on examination scores. Students in the graded (G) 

iRAT condition had an average iRAT score of 72.51% compared to 67.99% in the 

ungraded (UG) iRAT condition (M within-subject difference = 4.53%, SD = 17.09, p = 

.011). Examination performance was similar in the G and UG conditions (81.07% vs 

80.32%, p = .397).  

 Literature on TBL has historically emphasized the importance of a graded iRAT 

process, primarily to ensure individual accountability for completing pre-class readiness 

materials (Haidet et al., 2012; Parmelee et al., 2012; Sibley et al., 2014; Sweet & 

Michaelsen, 2012). Prior studies have demonstrated mixed effects of graded versus 
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ungraded iRATs on assessment performance. In a retrospective study by Behling et al. 

(2017), a much larger reduction in iRAT scores was observed among a cohort of first 

year medical students when iRATs and tRATs were ungraded. When compared to 

cohorts that participated in graded iRATs and tRATs, the mean iRAT score dropped from 

approximately 75% to 50% (p < .001) in the ungraded cohorts. Furthermore, tRAT scores 

were significantly lower in the ungraded cohort (p < .001). A key difference in the study 

by Behling et al. and the present one is that both the iRAT and tRAT were ungraded in 

the Behling study, as opposed to just the iRAT. Graded tRATs contribute to positive 

social interdependence within teams, which fuels not only team performance but also 

incentivizes individual pre-class preparation. Thus, it is plausible that the smaller 

magnitude of difference in the present study is the result of maintaining a graded tRAT.  

A second study by Koh et al. (2019) also demonstrated a difference in iRAT 

scores among medical students when the iRAT was ungraded, but the effects were more 

modest than the study by Behling et al. (2017). Students in TBL courses that used 

ungraded iRATs scored approximately 4% lower than the graded cohorts (75% vs 79%; p 

< .001), a finding quite similar to the present study. Examination scores in the studies by 

Behling et al. (2017) and Koh et al. (2019) were inconsistently affected by changes in 

iRAT grading condition. In the present study, there was no observed effect of iRAT 

grading condition on examination performance. The likely reason for this is that, while 

students were less incentivized to learn pre-class preparatory materials, they were still 

incentivized to prepare for higher stakes summative assessments.  

In contrast, a study in an elective pharmacy course found no difference in iRAT, 

tRAT, and examination scores when the RAT process was ungraded (Eudaley et al., 
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2022); however, there are several aspects of the study that limit the generalizability and 

reliability of the findings. First, the study included students in an elective ambulatory care 

course. Such a course is likely to be selective for higher performing students. Unlike the 

study by Eudaley et al. (2022), the present study was conducted in a required PharmD 

course and included both higher and lower performing students. Lastly, the retrospective 

design of the study by Eudaley et al. (2022) could not control for significant differences 

in instructional delivery that occurred because of the COVID 19 pandemic. In contrast, 

the present study’s prospective within-subjects design provided robust control over 

potential confounders (e.g., differences in students and instruction from one class year to 

the next).  

Acknowledging the nuances of how educational context influences outcomes is 

critical, and attempting to generalize this study’s findings to other TBL classrooms 

should be done cautiously. The students included in this study were second-year 

pharmacy students. Extrapolating the results to other health professions programs, or 

even to other class years within pharmacy education, may produce entirely different 

outcomes depending on the circumstances. As an example, consider whether these 

findings could be extrapolated to first-year pharmacy students. Pharmacy students in their 

first professional year have much less exposure to the practice of pharmacy and have a 

relatively undeveloped sense of professional identity. As a result, first-year pharmacy 

students may be less capable of relating what they are doing in the classroom to what 

they will be doing as a future pharmacist. This subtle difference may be enough to 

produce a much more pronounced effect on assessment scores when iRATs are ungraded. 

Similar differences in student motivation exist in contexts outside of health professions 
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education, too (e.g., undergraduate education). In short, the results of this study should 

not be blindly applied to other TBL courses.  

It is also important to interpret the findings within the context of other incentives 

used within the course. For example, students in the ungraded iRAT condition still had 

some incentive to be present for class because their scores were based on completion. In 

addition, in this study the tRAT was still graded to ensure that team performance was 

adequately incentivized. Combining both an ungraded iRAT and tRAT may result in a 

more significant effect on pre-class preparation and team performance, as seen by 

Behling et al. (2017). 

Changes in grading structure are believed to influence task-specific achievement 

goals; however, this study did not support such notions. Within-subject differences in 

achievement goals were not statistically significantly different based on iRAT grading 

condition. The stability in achievement goals is somewhat unsurprising. Prior studies 

have demonstrated stability in achievement goals across a similar learning task within a 

course or semester (Fryer & Elliot, 2007; Senko & Harackiewicz, 2005). Within health 

professions education, a study by Kool et al. (2016) demonstrated fluctuations in 

achievement goals, but the differences were observed semester-over-semester and year-

over-year. In the present study, changes in achievement goals were measured within a 

single, 8-week course, and assessments of achievement goals were separated by only four 

weeks. Furthermore, despite manipulating the iRAT grading condition, all other aspects 

of grading in the course relied on traditional grading measures. For example, 

examinations still accounted for 60% of the total grade in the course. It is plausible that 

subtle changes in the iRAT grading structure were not significant enough to produce 



 

73 
 

changes in task-specific achievement goals. It remains uncertain how more substantive 

changes (e.g., changing to pass/fail course) would have influenced students’ achievement 

goals. It is also possible that changes in grading structure alone are not enough, and that it 

needs to be coupled with an intervention to teach students about the malleability of 

achievement goals and the benefits of adopting mastery goals (Elliot et al., 2017; 

Gardner, 2006).  

It is worth noting that a significant period effect was observed with mastery-

avoidance and performance-approach goals. This is important because it suggests 

students’ achievement goals fluctuated over time for reasons other than changes in iRAT 

grading condition. Students’ workload and academic performance in other ongoing 

Doctor of Pharmacy courses may explain this. One hypothesis is that assessments in 

other courses may have influenced students’ responses on the AGQ in each study period. 

For example, at the start of period 1 students were completing mid-semester 

examinations in several other second-year courses. In comparison to the ungraded iRAT 

group, students in the graded iRAT group likely felt a greater sense of stress and pressure 

to perform while also preparing for examinations in other courses. Anecdotally, multiple 

students commented on this as part of the evaluations at the conclusion of the course.  

Implications for Practice 

Incentivizing pre-class preparation through a graded readiness assurance process 

is a fundamental part of TBL (Sibley et al., 2014; Sweet & Pelton-Sweet, 2008). The 

findings from this study are concordant with this and demonstrate that there is indeed a 

change in iRAT performance when the iRAT is ungraded, even among higher achieving 

cohorts such as pharmacy students. For TBL educators, perhaps the most significant 
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implication of this study is to consider the degree to which changes in iRAT grading 

structure influence students’ motivation for completing pre-class preparatory work. In 

essence, educators should view the motivational effects that might stem from changes in 

iRAT grading structure on a spectrum, rather than as a dichotomy.  

For some health professions educators, the modest difference in iRAT scores 

without a significant difference in summative examination scores may be enough to 

encourage the use of ungraded iRATs in their course or curriculum. Such decisions 

should be carefully considered within the educational context and needs of the course. 

For example, in health professions education, elective courses tend to select for students 

that are intrinsically motivated to learn about a particular subject. Such courses may be 

well-suited to rely less on graded iRATs and more on the other incentive structures 

within TBL. On the contrary, having ungraded iRATs early on in a professional 

curriculum (e.g., during the first professional year) may be less desirable because 

students often have an unclear sense of expectations, little foreknowledge and experience 

within their field of study, and an under-developed sense of professional identify. A more 

extreme example is in the context of undergraduate education. Removing the graded 

iRAT from an undergraduate course is likely to produce much more significant and 

noticeable changes in pre-class preparation. As educators, it is prudent to carefully assess 

the educational context, student characteristics, and factors affecting motivation in the 

classroom. 

Studies that have evaluated the effects of graded versus ungraded iRATs have 

cited the need to promote mastery learning and more desirable achievement goals 

(Behling et al., 2017; Eudaley et al., 2022; Koh et al., 2019). Although well-intentioned, 
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the results of this study do not support such a notion. It is likely that a change in iRAT 

grading structure alone is not enough to produce meaningful change in students’ 

achievement goals. Promoting more desirable achievement goals likely requires broader 

consideration within a curriculum, and how the overall structure supports, or undermines, 

the development of mastery-approach goals. One example of this is changing from a 

traditional letter-grade system to a pass/fail curriculum (Colbert-Getz et al., 2023). 

Nonetheless, health professional programs should use caution in citing changes in 

students’ achievement goals as the primary reason for shifting to ungraded iRATs. 

Implications for Theory 

It was hypothesized that social interdependence would provide the necessary 

incentive for students to complete pre-class preparatory work, regardless of whether the 

iRAT is graded or ungraded. Positive social interdependence created through shared 

learning tasks such as the tRAT and team application activities should not only improve 

team performance, but also incentivize individuals to complete pre-class preparatory 

material (Johnson & Johnson, 2009; Tomcho & Foels, 2012). This study did not directly 

test social interdependence theory, but hypotheses about how social interdependence 

influenced the findings can be made.  

One hypothesis is to reject the notion that social interdependence alone is enough 

to incentivize students to complete pre-class preparatory work. As previously alluded to 

though, motivation should be viewed on a spectrum and not as an all-or-none principle. 

An alternative hypothesis is that positive social interdependence explains why there was 

only a modest reduction in iRAT scores. Had positive social interdependence not been a 

factor, the differences in iRAT scores between the graded and ungraded groups may have 
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been much larger. This latter hypothesis may partially explain why coupling ungraded 

tRATs with ungraded iRATs can result in an exaggerated effect on iRAT scores, as 

observed in the study by Behling et al. (2017).  

Limitations of the Study 

It is plausible that my role as a course manager and instructor in the course 

influenced students’ willingness to participate in the study, as well as their responses to 

the questionnaire items. To mitigate undue influence, recruitment emails, links to the 

surveys, and notifications were sent by a research member who was not affiliated with 

the Doctor of Pharmacy curriculum. I also deliberately refrained from conversations with 

students about the purpose of the study. In addition, all the materials and assessment 

questions in the course underwent a review process involving at least one other instructor 

that was not a member of the research team.  

Differences in assessment scores were used as a surrogate to measure pre-class 

preparation and knowledge acquisition. The assessments were carefully created, and 

performance statistics for the examinations indicated good internal reliability and 

consistency. Unlike the performance statistics on the examinations, the performance 

statistics on the iRAT were of limited utility because each iRAT contained only five 

questions. Increasing the number of questions per iRAT would have potentially increased 

the reliability of the findings. Nonetheless, the average iRAT performance within each 

study period was consistent with what is expected in TBL courses (i.e., approximately 

65-70%).  

It is unclear whether student satisficing contributed to the observed differences in 

iRAT scores. For example, students in the ungraded iRAT condition may have spent 
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similar time and effort on pre-class readiness materials but simply put forth less effort 

completing the iRAT because their scores were based merely on completion. Although 

not part of this study, data collected from InteDashboard™ showed that students spent 

~20% less time completing the iRAT when they were in the ungraded condition. It is 

unclear whether this is due to satisficing or because students were less prepared.  

The Achievement Goal Questionnaire (AGQ; Elliot & McGregor, 2001) is based 

on self-reported perceptions, and may not always be an accurate reflection of actual 

achievement goals. Despite this limitation, the AGQ has robust research supporting it and 

has been validated within pharmacy education (Alrakaf et al., 2014). Nonetheless, some 

students may select responses that they perceive as more desirable, rather than what they 

feel is true of themselves. On the contrary, other students may have put forth minimal 

effort simply to receive the extra credit points. This study also did not consider students’ 

achievement goals as dispositional orientations, and a baseline measurement of students’ 

achievement goal orientation was not collected. Including baseline achievement goal 

orientation as a covariate may have allowed for greater precision with the statistical 

analysis. 

Numerous external factors may have influenced achievement goal scores. As an 

example, examination performance has been shown to influence achievement goals 

(Senko & Harackiewicz, 2005). For this reason, students were required to complete the 

AGQ before taking each examination in the course; however, students in the second-year 

Doctor of Pharmacy curriculum are taking five other courses worth 11 additional credit 

hours throughout the semester. Their performance in competing courses undoubtedly 
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influences their achievement goals and offer a plausible explanation for the observed 

period effects with performance-approach and mastery-avoidance goals. 

Another limitation is the relatively short timeframe in which the study took place. 

Each study period was approximately 4 weeks in duration, and only included four TBL 

modules per study period. It is possible that extending the study over the course of a 

semester or academic year would yield different findings, particularly in students’ 

achievement goals.  

Recommendations for Future Research 

In consideration of the findings from this study, there are many additional 

questions for future research. For example, how would the findings differ in other student 

populations? Extending this study to other contexts, such students earlier in a 

professional program, would provide a more comprehensive perspective of how ungraded 

iRATs influence assessment performance and learning in TBL classrooms. Furthermore, 

there remain questions about the quality and quantity of pre-class preparation when the 

iRAT is ungraded. Qualitative methods to discover how an ungraded iRAT process 

influences pre-class preparation would provide a more wholistic perspective, beyond just 

assessment performance.  

Although the crossover design of the study allowed for rigorous control over 

confounders, it did not allow for longer term observation of academic performance. 

Observing the effects of ungraded iRATs over the span of multiple courses or semesters, 

particularly within health professional programs that incorporate TBL throughout a 

curriculum, would provide a more complete picture of how students’ academic 

performance is affected.  
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 Intervention studies on achievement goals remain understudied, particularly in 

health professions education. Future studies on how broad sweeping changes in grading 

structure (e.g., pass/fail course or curriculum) influence achievement goals are needed. In 

addition, studies that couple changes in grading structure with an intervention designed to 

teach students the importance of achievement goals may be more likely to produce 

positive changes in students’ achievement goals.   
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APPENDICES 

Appendix A: PharmD Curriculum Overview 
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Appendix B: Communication with Smith & Rose 

Dear Zac, 
  
Thank you very much for your interest in our research. To answer your first question 
about why we combined the US and NZ samples, it’s some time ago now since 
conducting this research and many more projects have since passed under the bridge so to 
speak, so my memory is hazy. I suspect, looking at the sample sizes, the US and NZ 
samples were not quite large enough on their own to enable a robust CFA. I’m amazed, 
now reading the paper again after some passage of time, that we weren’t asked by the 
journal reviewers to justify the combining of the two samples! I will need to talk to our 
statistics expert, Dr Grenville Rose, to confirm my thoughts and I’ll get back to you as 
soon as I can. 
  
With respect to your second question about whether or not a separate (unpublished) 
analysis was performed comparing the AGQ and AGQ-R in an isolated US cohort, I’m 
not aware of any unpublished research, but as stated in our publication, the original 
validation studies of both the AGQ and AGQ-R used US single-discipline psychology 
students (see page 340: “For example, one well-known instrument is the Achievement 
Goals Questionnaire (AGQ),6,27 reported by Elliot and McGregor (6). This instrument 
was developed and validated in higher education settings in the US, using a cohort of 
psychology students” and “Based on these concerns, a Revised Achievement Goal 
Questionnaire (AGQ-R) (26) was developed by Elliot and Murayama, which was 
administered to undergraduate psychology students enrolled in US universities”). 
  
Regarding Dr Alrakaf, he returned to Saudi Arabia to work as a Hospital Pharmacy 
Director. I’m not aware of him continuing to conduct educational research. 
  
Your dissertation study sounds fascinating, Zac, and I wish you all the best with it. I will 
get back to you as soon as I can about the combining of samples. 
  
Kind regards, 
Lorraine 
  
  
Lorraine Smith, Professor 
Sydney Pharmacy School 
Faculty of Medicine and Health 
University of Sydney 
  
From: Noel, Zachary  
Sent: Thursday, 24 March 2022 1:24 AM 
To: Lorraine Smith  
Cc: Cestone, Christina  
Subject: RE: AGQ-R Validation Study 
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Hi Dr. Smith, 
  
My name is Zac and I’m a current student in the Health Professions PhD program at the 
University of Maryland, Baltimore in the US (Dr. Christina Cestone, my program 
director, is cc’ed). The reason for my email is to inquire about a validation study in 
pharmacy students involving the AGQ and AGQ-R that you and your colleagues 
performed. Would you be willing to provide clarification regarding a question I have? 
I’ve outlined the question below, but I’ll preface it by saying that if you think it would be 
easier to meet briefly (virtually, of course) I’d be happy to set something up during a time 
that works for you. Also, I attempted to find updated contact information of Dr. Alrakaf 
but came up empty-handed. If you feel it’s more appropriate for me to touch base with 
Dr. Alrakaf feel free to point me in their direction.  
  
Inquiry: Part of my dissertation proposal aims to assess changes in achievement goal 
orientation with changes in graded structure. Obviously, a critical step is ensuring that 
I’m using a validated instrument in the population of interest, which for me is PharmD 
students here in the US. I noticed that in the validation study you all performed that the 
New Zealand and US students were lumped into a single cohort, rather than separating 
them into separate cohorts. Given the differences in US and international pharmacy 
education (e.g., PharmD students in the US are several years older and likely have a 
different set of undergraduate experiences to shape their motivational tendencies) I can’t 
help but wonder whether the findings for US students would be similar or different had 
the counties been looked at separately. Throughout your research, do you know if a 
separate (unpublished) analysis was performed comparing the AGQ and AGQ-R in an 
isolated US cohort? 
  
My apologies for the longwinded email. Thank you in advance for considering my 
inquiry and any input you can offer. 
  
Zachary R. Noel, PharmD, BCCP 
Assistant Professor 
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Appendix C: Permission to Use the Achievement Goal Questionnaire 

Yes, you have my permission. 
  
Andrew 
  
From: Noel, Zachary  
Sent: Friday, February 18, 2022 8:14 AM 
To: Elliot, Andrew  
Cc: Cestone, Christina  
Subject: [EXT] RE: Permission to Use AGQ-R 
  
Dr. Elliot, 
  
In the way of a brief introduction, my name is Zac and I’m an assistant professor at the 
University of Maryland School of Pharmacy and current student in the Health Professions 
Education PhD program at the University of Maryland, Baltimore. The reason for my 
email is to request permission to use the Achievement Goal Questionnaire-Revised as 
part of my dissertation research project within the PhD program. The focus of my 
research is on measuring changes in pharmacy students’ goal orientation with graded vs 
ungraded assessments in a team-based learning classroom. Your research has provided 
much of the theoretical framework I’ll be using and I’d be honored to extend the research 
into the health professions domain! Of course, I plan to cite your 2008 paper with Dr. 
Murayama (among other publications). 
  
As a disclaimer, there will most likely be slight modifications to the questionnaire items 
so that they are contextually relevant. I’ve listed an example of what this might look like 
below. 
  

-          Original: My aim is to completely master the material presented in this class. 
-          Modification: My aim is to completely master the material presented during 

the readiness process. 
  
May I have permission to use the AGQ-R in this capacity? I’m happy to share additional 
information about the research or answer any questions you may have. Thank you for 
considering. 
  
P.S. I’ve cc’ed Dr. Christina Cestone, who is an educational psychologist as well as my 
advisor, dissertation committee chair, and program director for the HPE PhD program. 
  
Zachary R. Noel, PharmD, BCCP 
 

  



 

84 
 

Appendix D: Survey with Achievement Goal Questionnaire  

Please provide the following information:  

o First Name __________________________________________________ 

o Last Name __________________________________________________ 

o Email __________________________________________________ 

o Age (years) __________________________________________________ 
 
 
 
What is your cumulative pharmacy school grade point average (GPA)? 
 (If grades from AST 3 and 4 are not yet included in your cumulative GPA calculation, 
please provide your GPA at the start of the Fall semester) 

 2 2 2 2 3 3 3 3 4 
 

GPA 
 

 
 
 
 
 
 
Which gender do you most closely identify with? 

o Male  

o Female  

o Non-binary / third gender  

o Prefer not to say  
 
 
 
Is English your native language? 

o Yes  

o No  
 
 
 
End of Block: Instructions #2 
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Start of Block: 1_AGQ 
 
It is important for me to do better than other students in AST 5. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
It is important for me to do well compared to others in AST 5. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
 



 

86 
 

My goal in AST 5 is to get a better grade than most of the other students. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
I worry that I may not learn all that I possibly could in AST 5. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
Sometimes I'm afraid that I may not understand the content of AST 5 as thoroughly as I'd 
like. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
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Page Break  
I am often concerned that I may not understand the content of AST 5 as thoroughly as I'd 
like. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
I want to learn as much as possible from AST 5. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
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It is important for me to understand the content of AST 5 as thoroughly as possible.  

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
I desire to completely master the material presented in AST 5. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
I just want to avoid doing poorly in AST 5. 
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o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
My goal in AST 5 is to avoid performing poorly. 

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
 
 
Page Break  
My fear of performing poorly in AST 5 is often what motivates me.  

o Not at all true of me  

o Untrue of me  

o Somewhat untrue of me  

o Neutral  

o Somewhat true of me  

o True of me  

o Very true of me  
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End of Block: 1_AGQ 
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Appendix E: Assumption Testing for Assessment Scores 

 
Tests for Normality of Within-Subject Differences in Assessment Performance 

Within-Subject 
Outcome 

 Group Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df p Statistic df p 

Mean Difference 
for Exams 

 G/UG .122 47 .079 .977 47 .472 
 UG/G .099 44 .200 .977 44 .511 

Mean Difference 
for iRATs 

 G/UG .097 47 .200 .978 47 .498 
 UG/G .133 44 .049 .981 44 .661 

   Note. G = graded; UG = ungraded 
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Appendix F: Assumption Testing for Achievement Goals 

Tests for Normality of Within-Subject Differences in Achievement Goals Subscale Scores 

 
Mean Within-Subject 

Difference Subscale Scale 
Group 

Sequence 
Kolmogorov-

Smirnova 
Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 
Performance-Approach (PaP)  G/UG .122 47 .080 .965 47 .165 

UG/G .208 43 <.001 .921 43 .006 
Mastery-Avoidance (MaV)  G/UG .137 47 .027 .959 47 .095 

UG/G .133 43 .055 .965 43 .204 
Mastery-Approach (MaP)  G/UG .208 47 <.001 .890 47 <.001 

UG/G .234 43 <.001 .849 43 <.001 
Performance-Avoidance (PaV)  G/UG .118 47 .098 .956 47 .078 

UG/G .135 43 .048 .961 43 .149 
Note: aLilliefors Significance Correction; G = graded; UG = ungraded 
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GLOSSARY OF TERMS 

Achievement Goal Theory: a conceptualization of motivation that identifies two types 

of achievement goals, mastery oriented (sometimes referred to as learning centered or 

task- oriented) and performance oriented (sometimes referred to as ego-oriented), and 

that relates these to differences in individuals’ perceived ability for the task and their 

achievement behavior (American Psychology Association, n.d.) 

Achievement-Motivation: “the striving to be competent in effortful activities” (Schunk, 

2020) 

Carryover Effect: an observed treatment or experiment effect that is the result of a 

preceding treatment or condition (Jones & Kenward, 2014) 

Competence: feeling effective and that one can perform a given task; defined in terms of 

the referent or standard used in performance evaluations; relative to an absolute, 

intrapersonal, or normative standard (Elliot & McGregor, 2001) 

Goal Orientation (or Achievement Goal Orientation): the broad purpose or reason for 

engaging in a competence-relevant task (Midgley et al., 2001) 

Mastery Goals: a goal to develop an ability, or to learn for the sake of learning (Midgley 

et al., 2001)  

Performance Goals: a goal to demonstrate ability, or to avoid the demonstration of lack 

of an ability (Midgley et al., 2001) 

Period Effect: differences in observed effect that are the result of external factors rather 

than the treatment or condition itself (Jones & Kenward, 2014) 
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Readiness Assurance Test (RAT): An assessment administered at the start of in-class 

team-based learning sessions; the readiness assurance test process encompasses both 

individual (iRAT) and team (tRAT) readiness assurance tests 

Team-Based Learning (TBL): an evidence based collaborative learning strategy 

designed around units of instruction that are taught in a three-step cycle: preparation, in-

class readiness assurance testing, and application-focused exercise (Michaelsen et al., 

2004) 

Treatment Effect: the observed effect resulting from a treatment or experimental 

condition (Jones & Kenward, 2014) 
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