
 

 

 

 

 

 

 

 

 

Copyright 

by 

Joshua David Walker 

2011 

 

 



 
The Dissertation Committee for Joshua David Walker certifies that this is the 

approved version of the following dissertation: 

 

 

Does Team-Based Testing Promote Individual Learning? 

 

 

 

 

 
Committee: 
 

Daniel H. Robinson, Supervisor 

Diane Schallert 

Marilla Svinicki 

Gary Borich 

Jacqueline Muir-Broaddus 



Does Team-Based Testing Promote Individual Learning? 

 

 

by 

Joshua David Walker, B.A.; M.A. 

 

 

 

Dissertation  

Presented to the Faculty of the Graduate School of  

The University of Texas at Austin 

in Partial Fulfillment  

of the Requirements 

for the Degree of  

 

Doctor of Philosophy 

 

 

The University of Texas at Austin 

May 2011 

 

 

 

 



 

Dedication 

To the Logos of God 

In whom all truth coheres, 

May this humble work laud  

the One whose Love draws near 

in broken, risen bod, 

That those with open ears, 

From beyond the world’s façade 

Might hear that echoed cheer 

of the hope beyond what’s flawed 

To be awed by a mercy as severe. 

 

 



 v 

Acknowledgements 

To my wife:  Kathy, had you not been my anchor, I would have been lost at sea.  

Your patience, perseverance, and pleasantness throughout this long journey have not 

surprised me, but have sustained me nonetheless.  More than any other title I may ever 

earn, the one I will cherish the most is being your husband.  You are beauty to me; you 

are love to our children; and you are grace to all who meet you. 

To my children:  Johnathan and Jack Henry, Daddy has finished his “important 

paper.”  If I wanted to write another one, I could easily discuss all the ways you amaze 

me with your cleverness and silliness.  You are my mascot and my trophy.  

To my parents:  Mom, your support through this chapter of my life has been as 

constant as every other chapter – your prayers, verses, and letters have always been the 

glowing, warming watch fires when all else gets dark and cold. I wish Dad could have 

been here to see me finish this – he, after all, blazed the trail for a family of disciple-

scholars, leaving us the best example of what an integrated life of faith and learning looks 

like.   

To my grandparents: Joining Dad in the great cloud of witnesses are the 

grandparents who have passed on.  Papa Hank was my hero; following his lead of 

patriotic service by joining the U. S. Marine Corps eventually secured veteran funding for 

this degree (for which I also wish to thank the great state of Texas).  Who knows where 

any of us grandchildren would be in life had it not been for the intercession of Grandma 

Iona. I hope this accomplishment honors the work ethic that the two of them epitomized 

as well as the memory of all the rest who were woven by the same threads that now 

weaves me.  Grandma Billie, your endurance and energy in life continue to be an 

inspiration in the weak and weary moments.  



 vi 

To my brothers and sister: You are a dream team of siblings, and to be called 

your brother is a high honor.  Cari, your wit is your charm; how remarkable that a woman 

so brilliant and beautiful could be such a fun girl. Tim, you are a true Renaissance man.  

Your insights into so many aspects of life flow with the continual freshness of a mountain 

spring, and those of us who are close enough for free refills are blessed.  James, the way 

you enter the world of everyone you talk to is magnetizing and inspiring.  To know James 

is to love James, and to have met with you is to be edified. 

To my friends and extended family:  So many bright lights over the years in 

church, in school, in the Corps, at work, and along so many other pathways have no 

doubt shaped me to be who I am today.  For your influence, companionship, and support, 

I am forever grateful. 

To my Advisor:  Dr. Dan Robinson, you have given of yourself sacrificially to 

guide my course through this dissertation. Far beyond just producing a document, 

however, you have helped me acclimate to an academic altitude, allowing me to benefit 

from your expertise and experiences in so many aspects of the scholarly life, including 

how to balance your success at work and at home. You have been a valued professor and 

an exemplar of how to mentor students – a coach and counselor, a colleague and friend. 

To my Committee: Thank you for all your contributions, not just to the 

completion of my dissertation, but for every class, conversation, and project we enjoyed 

together along the way.   Dr. Diane Schallert, your exuberant love of learning will forever 

be the model of authentically motivated scholarship I strive to emulate.   Dr. Marilla 

Svinicki, I have never been in the same room with you that I did not leave having learned 

something.  You are the master scholar-teacher.  Dr. Gary Borich, your ability to distill 

your vast knowledge into useful concepts with such clarity leaves those who sit under 

your instruction feeling privileged. Dr. Jacqueline Muir-Broaddus, thank you for your 



 vii 

willingness to join the race for my final lap.  Agreeing to serve on my committee was 

brave and kind of you; I’m glad and honored that you were a part of it. 

To my professors: You have been integral to my academic and professional 

development. Dr. Claire Ellen Weinstein, your mentorship through the golden 

opportunity that is EDP310 is a cherished highlight of graduate school.  That experience 

was as invaluable to my academic training as it was integral to my professional identity.    

Dr. Marie-Anne Suizzo, thank you for your painstaking supervision of my Prospectus; 

your reflective commitment to your work resonates with the best intentions within me 

and gives me hope for our field.  Dr. Frank Richardson, your office became a welcome 

respite from the hype and hustle of academia’s daily grind.  Your ability to rise above the 

occasional nit-picky and nitty-gritty narrowness restored my broader vision and higher 

hopes for the parts of this life-calling that really matter.  Dr. Lynn New, your name 

continues to appear in the blank line whenever I’m asked to recall a favorite teacher.  A 

master lecturer, you made ideas come alive for me in ways that have never died down.  

For setting me on this path of study as an undergraduate, I am constantly grateful to you.   

To so many others, without whom this would not have happened:  Dr. Andrew 

Butler, thank you for making your materials available for my study. Rob Donald, thank 

you and your crew at the Learning Technology Center for all the reliable technical 

support in the lab. Virginia Stockwell, thank you for your ever-watchful eye from your 

perch in the Department office, helping me give chase to each looming deadline. Dr. 

Mike Leese, thank you for being the best boss a graduate student could have asked for; in 

a season of life marked so often by stress and distress, I do not take for granted that I 

never had to doubt your support of my ambitions.  

As much for all the ones I have mentioned by name here as for how many more I 

have not, what should be obvious is that this dissertation and doctorate, to the extent that 



 viii 

by them I have accomplished something important, have been a labor of love – both my 

own and that of those who surround me.  I have stood on the shoulders of giants, sat at 

the feet of sages, knelt at the side of saints, and leaned on the everlasting arms of my 

Savior. Soli Deo gloria. 



 ix 

Does Team-Based Testing Promote Individual Learning? 

 

 

Publication No._____________ 

 

 

Joshua David Walker, Ph.D. 

The University of Texas at Austin, 2011 

 

Supervisor:  Daniel H. Robinson 

 

Team-based testing gives students a chance to earn additional points on individual 

unit tests by immediately re-taking the test as a team competing against other teams.  This 

instructional approach has enjoyed widening implementation and impressive anecdotal 

support, but there remains a dearth of empirical studies evaluating its prescribed 

processes and promoted outcomes.  Although the posited effectiveness and appeal of 

team-based testing seem consistent with the benefits of test-enhanced learning and 

collaborative learning in general, several limitations are readily apparent.  Namely, the 

current format of the individual and team readiness assurance tests is expressly multiple-

choice.  Though there are some advantages of this type of question (e.g., ease of 

administering and grading), the long-term cognitive disadvantage relative to short-answer 

questions is well documented.  Furthermore, it is not clear whether the proposed gain in 

learning through this format is attributable to the group effect -- be it social or cognitive, 

or simply to repeated exposure to the test items. Therefore, this study measured the 

effects of initial test question Format (short-answer vs. multiple-choice), Mode 
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(individual vs. group), and Exposure (once vs. twice) on four delayed measures of 

learning: Old multiple-choice items (ones students had initially been tested over), Old 

short-answer items, New multiple-choice items, and New short-answer items.  Two 

weeks after watching a video-recorded lecture, 208 college students took a thirty-item 

test comprising both the old and new items in multiple-choice and short-answer formats.  

Results revealed that 1) taking an initial test twice is better than once when the delayed 

test has old short-answer items or new multiple-choice items, 2) taking an initial short-

answer test is better than multiple choice when the delayed test has either old multiple-

choice, old short-answer, or new multiple-choice items, and 3) taking an initial team test 

is no different than taking an individual test when it comes to long-term learning.  

Particularly noteworthy from these results is how a) the effects of short-answer tests and 

taking tests twice are not present within Team conditions, and b) taking a multiple-choice 

test twice is as effective as taking a short-answer test once.  Implications are discussed in 

light of learning theory and instructional practice. 
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Chapter One: Introduction 

When it comes to learning, there are such things as desirable difficulties (Bjork, 

1994). These are pedagogical conditions in which learning appears to be strained initially 

but are conducive to longer term retention and transfer (McDaniel & Butler, 2010). For 

example, varying forms of practice, distributing study sessions (vs. massed practice), and 

interleaving information (rather than blocking on separate topics) have all been shown to 

increase long-term retention, even though they may reduce performance on initial post-

instruction assessments.  One particularly robust tactic is the use of tests for learning and 

not just for assessment.  Research on the so-called testing effect has solidly established 

that being tested over information is more effective at improving later recall than is 

simply reviewing the material (Roediger & Karpicke, 2006a).    Such test-enhanced 

learning is especially powerful when, consistent with the "retrieval hypothesis," the form 

of the question requires recall of information, and not merely recognition of it (McDaniel, 

Roediger, & McDermott, 2007; Roediger & Butler, 2010).   

Though not traditionally included in a list of desirable difficulties, collaboration 

shares the principle of active learning (Johnson & Johnson, 2009).  Working in groups is 

perceived by some learners as a waste of time (Boekaerts & Minnaert, 2006), but there is 

growing evidence of its positive impact on individual learning and academic success 

(Anderson, Nguyen-Jahiel, McNurlen, Archodidou, Kim, Renitskaya, et al., 2001; 

Johnson & Johnson, 2000; Johnson & Johnson, 1998).  Seeking to better understand the 

conditions under which collaboration affects individual cognition is consistent with 

contemporary social-constructivist theories of knowledge (Cobb & Bowers, 1999; Kelly 

& Green, 1998) and the increasingly interconnected world in which twenty first century 

college students are participating (Sibley & Parmelee, 2008). The social advantages of 
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working in groups and the cognitive benefits of taking tests theoretically converge in the 

practice of collaborative testing.  However, research on collaborative testing to date has 

been limited to a few contexts and has produced mixed results.  Taking tests together can 

reduce anxiety, improve study habits and elicit better problem-solving skills (Bowen & 

Phelps, 1997; Ligeikis- Clayton, 1996; Zimbardo, Butler, & Wolfe, 2003), but can also 

exhibit detrimental effects on individual learning and memory (Basden, Basden, & 

Henry, 2000; Haberyan & Barnett, 2001).  There are better and worse ways to use tests 

for learning events, and taking tests together is no more a straightforward process. 

 

STATEMENT OF THE PROBLEM 

An increasingly popular version of collaborative testing is an in-class learning and 

assessment tool called team-based testing (hereafter, TBT) that takes place within the 

broader pedagogical strategy known as Team-Based Learning (hereafter, TBL; 

Michaelson, Knight, & Fink, 2004).  TBT gives students a chance to earn additional 

points on individual tests by immediately re-taking the test as a team.  This unique 

sequence of testing is part of a larger program referred to as the “Readiness Assurance 

Process” (hereafter, RAP) that strikes a creative balance of individual and collective 

accountability, competitive and collaborative incentives, and personal contribution and 

social interdependence.  This instructional approach has enjoyed widening 

implementation and impressive anecdotal reports of success (Abdelkhalek, Hussein, 

Gibbs, & Hamdy, 2010; Clark, Nguyen, Bray, & Levine, 2008; Haidet, Fecile, 2006), but 

there is a need for more research on its prescribed processes and promoted outcomes.  

Although the demonstrated effectiveness and appeal of TBT seems consistent with the 

benefits of test-enhanced learning and collaborative learning in general, several potential 
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limitations are readily apparent.  Namely, the current format of the individual and team 

readiness assurance tests within each unit is typically multiple-choice.  Though there are 

some distinct advantages of these types of questions (e.g., ease of administering and 

grading), their cognitive value is typically inferior compared to short-answer questions 

(Roediger & Marsh, 2005).  In fact, one of the more robust findings in the testing effect 

literature is that retrieval tests, when compared to recognition tests, promote longer-term 

learning (Karpicke & Roediger, 2008; Roediger & Butler, 2010).     

Additionally, administering both an individual and a team assessment requires a 

substantial amount of class time. Furthermore, it is not certain whether the proposed gain 

in learning through this format is attributable to the group effect – whether social or 

cognitive, or simply to repeated exposure to the test items.  In other words, although TBT 

impressively addresses the social pitfalls of group work, the cognitive gains have yet to 

be convincingly documented.   

 

PURPOSE OF THE STUDY 

The research undertaken here focused on the cognitive aspects of TBT.  Although 

a full evaluation of the effectiveness of this instructional strategy would involve a broader 

scope of data (e.g., collaborative processes, varying classroom conditions, etc.), the TBT 

feature is a necessary, however incomplete, part of the whole. This essential element 

elicits practical considerations by instructors, who before deciding to implement TBT in 

their classroom, should verify whether there is a learning advantage to using short-answer 

test questions in this format and to forming teams immediately after taking a test 

individually as compared to either immediately forming teams or merely taking the test 

once or even twice on one’s own.   
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RESEARCH QUESTIONS 

Therefore, in this study, one overarching question was addressed: Does Team-

Based Testing promote individual learning?  Answering this question required 1) 

defining individual learning according to whether the follow-up test included a) old or 

new items, and b) in the same or different format, and 2) decomposing TBT into its 

component parts, and comparing them to their logical and theoretically derived 

alternatives along their respective dimensions. Specifically, the differential effects of a) 

question format (short-answer or multiple-choice), b) test mode (individual and/or 

group), and c) exposure (once or twice) were measured.  Accordingly, the experiment 

was designed to answer these specific questions for the different learning outcomes: 

1) Do students who take initial short-answer tests perform better on a delayed test 

than those who take initial multiple-choice tests? 

2) Do students who take the initial test twice perform better on a delayed test than 

those who only take the initial test only once?  

3) Do students who take the initial test with a team perform better on a delayed 

test than those who take the initial test individually? 
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Chapter Two: Literature Review 

  

The current study analyzes the effectiveness of Team-Based Testing (TBT), 

which is a particular technique of assessment prescribed by the instructional design 

model of Team-Based Learning (TBL).    This chapter aims to orient the reader to TBL 

and integrate the relevant literature by reviewing the theory and research on test-

enhanced learning and collaborative testing.  These two brush strokes are broad, but 

sufficiently frame the issues at hand. 

 

INTRODUCTION TO TEAM-BASED LEARNING 

TBL is burrowing its niche in higher education as a promising overhaul of course 

design.  Boasting its tenth conference this year, a bourgeoning professional resource 

collaborative <http://teambasedlearning.apsc.ubc.ca/tblc/>, a blossoming archive of 

anecdotal reports of implementation <http://teambasedlearning.apsc.ubc.ca/>, and a 

recent boom in scholarly interest (Gomez, Wu, & Passerini, 2008; McInerney & Fink, 

2009; Nicol-Senft, 2009), TBL is building a following among those who are attracted to 

its vision of collaboration and application-oriented assignments.  

To be sure, TBL shares many of the best features of other collaborative learning 

techniques.  Theoretically, TBL stands in the social constructivism tradition that views 

knowledge formation as a community process, whereby epistemology and pedagogy 

enjoy compatibility and coherence on the common ground of learning in a socio-cultural 

context (Brown & Palincsar, 1989; Cobb, 1994; O’Donnell & King, 1995; Vygotsky, 

1978; Wertsch, 1991).  Most forms of positive classroom cooperation can contribute to 

the sense of social connectedness that characterizes college retention trends (Astin, 1993; 
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Tinto, 1993). Furthermore, within the participating individuals, the cooperation and 

positive social interdependence shared with other group learning approaches tend to 

promote higher order thinking, metacognitive thought, creative problem-solving, 

willingness to engage and endure difficult tasks, and so on (Johnson & Johnson, 1989). 

The complex, application-driven team assignments of TBL share many features of 

problem and case-based learning.  However, TBL, when implemented in toto, relies on 

group work throughout each stage of an instructional unit. This fosters the development 

of group dynamics through the self-management of properly formed, permanently 

maintained teams, and facilitation of collaboration on an application-oriented assignment 

structure.  Together with timely feedback and the balance of individual and team 

accountability, these essential elements of TBL combat the typical obstacles to successful 

group work (e.g., uneven distribution of group resources, coalition among friends, low 

motivation, etc.) (Michaelson & Sweet, 2008; Sweet & Pelton-Sweet, 2008).   

 

 Team-Based Testing 

Perhaps the most distinctive feature of TBL among most other versions of 

collaborative learning is its “accountability structure—a rhythm of moments in which 

students’ social and intellectual experiences of the classroom become interlocked and 

amplified” (Sweet & Pelton-Sweet, 2008, p. 30). This pulsation is most strongly detected 

during the cycles of the Readiness Assurance Process (RAP), and especially during TBT 

at the beginning of each instructional unit (usually five to seven per semester).  To ensure 

that the necessary building blocks of basic knowledge are in place, TBT requires that 

students take an individual test over reading material that they were responsible for prior 

to the unit.  As soon as they are finished with this test, students immediately arrange into 
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their teams with whom they will take the same test again, submitting one set of answers 

for everyone.  This time, feedback is given after each attempt so teams know immediately 

whether they got the answer right.  At the end of the test, teams are allowed to consult 

their study materials and appeal any question for which they can make an argument in 

favor of their answer. Students are scored on their individual tests, and compete against 

other teams for the winning team’s claim on bonus points to be added to each member’s 

individual score.  Finally, with data on missed items and appealed items, instructors are 

equipped to tailor the follow-up lecture to the specific topics causing students the most 

trouble. This unique sequence of the RAP, (1) assigned reading, (2) individual tests, (3) 

team tests, (4) an appeals process, and (5) instructor feedback, strikes a creative balance 

of individual and collective accountability, competitive and collaborative incentives, and 

personal contribution and social interdependence. Michaelson and Sweet (2008) 

explained that TBL promotes team development by (1) exposing both individuals and 

teams to “immediate and unambiguous feedback” on performance, (2) facilitating 

“immediate and personal impact” of face-to-face interaction, (3) motivating students to 

engage at high levels from a “vested interest in the outcome of the group,” and (4) 

building cohesiveness through all stages as even the lectures are tailored to the issues that 

arose in the group’s discussion (p. 19).  For example, one can observe in these team 

discussions the emergent centerpiece of answer justification and perspective persuasion, 

the suspense of discovering the right answer, and the social negotiation of confidence and 

credibility – all indicators of the social-psychological advantages of TBT.  

So beneficial is the RAP to team development, in fact, Michaelson, Black, and 

Fink (1999) described it as the “single most powerful team development tool in [their] 

entire arsenal” (p. 104). Although this group dynamic is clearly stated as the greatest 

value of TBT, there is also a pedagogical reason for its design.   By exposing students to 
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feedback-rich collaborative environments, the RAP affords teachers the opportunity to 

focus their instruction, distribute and target feedback, and “virtually eliminatetime that is 

often wasted in covering material that students could learn on their own” (Michaelson, et 

al, 1999, p. 103). At base, however, the RAP is designed to ensure that students are 

prepared for higher order cognitive tasks and assignments.  Even though the potential 

direct impact on the use or transfer of knowledge from this event is ultimately limited by 

the format of questions, the purpose remains to commit the main ideas of the unit to 

student’s long-term memory (Michaelson, et al, 1999). However, the literature has been 

virtually silent on the relative effectiveness of the TBT design to accomplish this.  Where 

implementation has been documented, analyzed, and discussed, it has usually been with 

severe limitations.  In one study (McInerney & Fink, 2009), for example, TBL was 

incrementally incorporated to a course design over several semesters.  To begin, team-

based tests were introduced for two semesters, then complex team assignments were 

folded in.  Although some interesting and legitimate findings resulted, the comparisons 

could only be made across semesters instead of between conditions within one period of 

time, which leaves the data susceptible to confounding by diachronic variables (e.g., the 

development and likely improvement of the instructor or supplemental materials in the 

course).   

Advocates of TBL argue for the pedagogical payoff of investing class time in the 

RAP (Michaelson & Sweet, 2008), but the fact remains that precious time is spent taking 

two tests back-to-back, especially with the second one requiring gathering into groups.  

As stated before, this use of resources may be partially justified insofar as it accomplishes 

the objective of team development, but to assess the full range of value and impact of 

TBT, research is needed that goes beyond the social benefits for the team and 

pedagogical advantages for the teacher to focus on the cognitive role of testing within the 
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individual learner in this unique team environment.  Heretofore, the implementation of 

TBT as the pivotal mechanism of the RAP, and thus for TBL as a whole, has taken for 

granted the accomplishment of its cognitive goals.  The “Why something instead of 

nothing?” question is answered easily enough by turning to the other goals of TBT.  

Namely, something is needed to require accountability for individual preparation and 

incentive for group participation.  The individual-team testing sequence fulfills these 

objectives.  However, beyond the prima facie compatibility with that goal, the “Why this 

particular something instead of something else?” question remains not only unanswered, 

but as far as I can tell, unasked.  Therefore, my study contributed to the archive of best 

TBL practices and the corpus of relevant theoretical literature of the same by asking a 

series of questions to identify, isolate, and address the extant and, as I am arguing here, 

presumptive component parts of TBT.  Why use a test at all? Why use a multiple-choice 

test? Why take two tests in row? How should feedback be used? Why take the second one 

as a team? Answering these in turn will lead the reader through a consideration of test-

enhanced learning, including the various contexts and formats in which the testing effect 

has been demonstrated, and finally the specific possibilities and limitations of 

collaborative testing. 
 

TEST-ENHANCED LEARNING 

TBL uses TBT as much for its assumed impact on learning as for its assessment 

of it.  Perhaps the most obvious ways that tests impact learning are indirect.  In this sense, 

tests motivate students to prepare and study more than they likely would have without 

anticipation of the test.  Likewise, when tests are formative or dynamic in design, 
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incorporating feedback by which the learner is assisted in processing the information in a 

new way, they mediate more learning by simply exposing the learner to more information 

(Sternberg & Grigorenko, 2002).  However, the more important impact of tests implied 

by the idea of test-enhanced learning is in reference to their direct effects.  The very act 

of having to mentally reach for information rather than merely review it has direct 

cognitive benefits for retaining that information – a phenomenon referred to as the testing 

effect, on which the rest of this section will focus.  

An Overview of the Testing Effect 

That the testing of material can improve the learning of it is by no means a novel 

discovery in the learning sciences.  In fact, the notion of active retrieval appears in some 

of the earliest psychological and philosophical considerations of mental activity.  For 

example, William James (1890) wrote,  

A curious peculiarity of our memory is that things are impressed better by 

active than by passive repetition. I mean that in learning (by heart, for example), 

when we almost know the piece, it pays better to wait and recollect by an effort 

from within, than to look at the book again. If we recover the words in the former 

way, we shall probably know them the next time; if in the latter way, we shall 

very likely need the book once more. (p. 646) 

Two centuries earlier, Francis Bacon (1620/2000) put it this way. ‘‘If you read a piece of 

text through twenty times, you will not learn it by heart so easily as if you read it ten 

times while attempting to recite from time to time and consulting the text when your 
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memory fails (p. 143).  Both were recapitulating what Aristotle had already observed two 

millennia before that, “Exercise in repeatedly recalling a thing strengthens the memory” 

(quoted in Roediger & Butler, 2010, p. 8).  So, the value of testing, even self-testing, 

seems timeless and obvious enough.   

 Yet, this phenomenon remains underappreciated in contemporary educational 

contexts, or as Glover (1989) put it, “not gone, but nearly forgotten”  (p. 392), not only as 

a study strategy among students, but as a pedagogical intervention among teachers 

(McDaniel, Anderson, Derbish, & Morrisette, 2007).  Take for example a classic example 

of a study strategy with which most people are familiar.  Flashcards are often used as a 

way to learn related information (e.g., multiplication facts, word definitions, even large 

bodies of more advanced factual knowledge).  On the surface, this practice appears to 

implement, albeit on a small scale, the kind of fill-in-the-blank strategy suggested by the 

retrieval hypothesis.  This might be true to a limited degree; however, the conventional 

protocol of how the flashcards are to be learned actually contradicts it.  Students are 

typically guided to test themselves on the information by reading one side of the card, 

recalling the information on the other side, and consulting the card for feedback as 

needed.  Then they are to repeat that process until the information is recalled with ease, at 

which point, the successfully remembered card is set aside in order to focus on the 

remaining unlearned items.  This approach to learning emphasizes studying (viewing and 

reviewing the material) over testing (recognizing and recalling the material), which is 

consistent with the common treatment of testing events as neutral assessments of 

knowledge rather than part of its formation (Larsen, Butler, & Roediger, 2008).   

   Karpicke and Roediger (2008) conducted a study that questioned the assumption 

that “learning to a criterion of one correct recitation means that the item is learned and 
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that further practice on it will be for naught” (Roediger, Agarwal, Kang, & Marsh, 2010).  

The researchers had English-speaking subjects learn 40 Swahili words by following the 

standard cognitive psychology protocol of four iterations of a study session, each 

followed by a testing session (S-T, S-T, S-T, S-T).  One condition represented the typical 

strategy described above, where correctly recited items were dropped from each 

subsequent study and test session, thus only focusing on non-recalled items in later 

sessions (SNTN).  In the opposite condition, all items, regardless of whether they were 

correctly recalled, were left in both study and testing periods for all cycles (ST).  In 

addition to these two conditions was one that left non-recalled items out of each 

subsequent testing period (STN), and another in which non-recalled items were omitted 

from each subsequent study period (SNT).   

 Common wisdom would expect that highest performance would be accomplished 

by maximized study opportunities.  However, by the end of the first learning session, all 

conditions had equally high scores.  More surprising still is that only one week later,  

subjects in the two conditions that only tested non-recalled items each time (STN and 

SNTN ) remembered only about 34.5% of the words, but the two conditions that tested 

every pair of words each time (ST and SNT) remembered about 80% of them.  The 

authors concluded that “testing (and not studying) is the critical factor for promoting 

long-term recall. In fact, repeated study after one successful recall did not produce any 

measurable learning a week later” (p. 967).   Despite this clear differential of impact, 

there was no difference whatsoever in subjects’ predictions about how many words 

would be recalled at the final test.  This study serves as a snapshot of not only the 

robustness of the testing effect, but the general obliviousness to it on the part of learners. 
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Informal and Formal Theories of Learning 

 The previously described study on the differential impact of studying and testing, 

like the larger body of research on verbal memory to which it is related (for a review, see 

Roediger, Agarwal, Kang, & Marsh, 2010) illuminates two general issues pertaining to 

perceptions of testing among learning strategies:  most learners hold inaccurate beliefs 

about the effectiveness of learning strategies (specifically, there is an apparent lack of 

awareness of the mnemonic benefits of testing), and these misperceptions often lead to 

suboptimal study behaviors (Karpicke, 2009; Nelson & Leonesio, 1988; Son & Metcalfe, 

2000).  For example, in one study (Roediger & Karpicke, 2006a) that demonstrated that 

taking tests over a reading passage resulted in far better retention of the material than did 

repeatedly reviewing it, students in this latter condition had inflated prediction rates of 

remembering the story when compared with those student in the condition that actually 

did remember more.  In a survey (Kornell & Bjork, 2007) of college student study skills 

and strategies, the majority of students (68%) recognized the beneficial function of self-

testing to identify unlearned information, but far fewer (18%) described their motive for 

testing themselves in terms of the advantages of testing over reading for actually learning 

the information. Also, despite overwhelming evidence that more effortful retrieval tends 

to promote longer-term retention, students believe that easily processed items will be 

more easily produced later (Begg, Duft, Lalonde, Melnick, & Sanvito, 1989).   

 Accounting for the typically misdirected confidence and misguided strategy 

selection, Roediger and Karpicke (2006a) surmised that students may prefer repeated 

studying because it produces rapid short-term gains” (p.193).   These immediate results 

may also explain why instructors have been slack to implement or emphasize the more 

effortful path to long-term retention.  Exacerbated by a lack of press (i.e., a dearth of 

coverage in learning and instruction texts; McDaniel, et al, 2007), this lack of 
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implementation can be partially attributed to the pressure to put up numbers in time 

enough to be measured in a given evaluation period.  In other words, in educational and 

especially training settings, the evaluation structure focuses mainly on short-term gains in 

performance as indicators of successful instruction.  This is problematic for some factors 

in training that may dampen performance during practice, but are actually the key to 

generalized performance and transferred knowledge beyond the training (Schmidt & 

Bjork, 1992).   

 One possible explanation of this discrepancy between what works and what is 

actually used is that, despite how the simple mnemonic benefits of retrieval make 

common sense, the extent of testing’s impact on memory is often counterintuitive and the 

conditions in which it is optimized are initially even counterproductive – phenomena that 

can be explained by considering the notion of “desirable difficulties” (Bjork, 1994).  

What Bjork was summarizing in his landmark article on memory was a “variety of 

manipulations that impede performance during training, [but] facilitate performance on 

the long term” (p. 192). This included varying the conditions of practice, providing 

contextual interference, distributing practice, reducing feedback, and most relevant to the 

current study, using tests as learning events.  The principle that “the act of retrieval 

induced by a recall test can be considerably more potent than a study opportunity in 

facilitating future recall” (p. 192) has been supported by an abundant verbal memory 

literature  (e.g., Izawa, 1970; Hogan & Kintsch, 1971; Landauer & Bjork, 1978; Rea & 

Modigliani, 1985). 

 Roediger and Karpicke (2006b) reviewed much of this research and confirmed 

that repeatedly studying material is beneficial for tests given soon after learning, but on 

delayed tests, prior testing reduced forgetting more than prior studying (Tulving, 1967; 

Karpicke & Roediger, 2006a; Wheeler, Ewers, & Buonanno; 2003).  That this finding 
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persisted even when the participants took multiple tests compared with those who had 

studied multiple times is all the more remarkable when one considers that subsequent 

recall tests were only exposing subjects to part of the material, whereas those with 

repeated chances to study were exposed to all the material each time. These effects were 

the same for both free recall tests as well as cued recall and paired associate tests.  

Findings of this nature argue against suggestions that the effect of testing on 

learning is merely attributable to additional exposure or overlearning (Thompson, 

Wenger, & Bartling, 1978).   Effortful retrieval, along with its associated transfer-

appropriate processing (McDaniel, Friedman, & Bourne, 1978), contribute to the best 

explanation for the testing effect.  As Roediger and Karpicke (2006b) summarized, 

“elaboration of encoding, more effortful or deeper encoding, and creation of different 

routes of access can account for the basic effect” (p. 200). 

 

The (Re)Turn Toward Ecological Validity 

 Shifting now from studies birthed in experimental psychology to their scientific 

successors in educational psychology, one detects a return to educationally situated 

research.  The earliest pioneering research on testing effects was impressive not only in 

scope, but for what is now understood to be an atypical use of authentic contexts.  Gates 

(1917) carried out one of the first large scale studies of the testing effects that had already 

begun to surface (Abbott, 1909; Thorndike, 1914).  He gave children across seven grade 

levels a variety of information to read (e.g., word lists, prose passages, etc.)  for different 

amounts of time, followed by a free recall test.  Gates concluded that recitation attempts 

during study promoted learning.  In another large-scale study, Spitzer (1939) had 

adolescent students study school-related articles, then take a test or series of tests at 
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various intervals across a two month period.  Spitzer found that giving a test with a 

chance to restudy nearly stopped the rate of forgetting, and also that the sooner the first 

test was taken, the better students did on later tests.  Jones (1923) was concerned by the 

lack of retention in the college classroom and set out to determine the conditions in which 

long-term learning is facilitated.  He had students take an initial test after listening to a 

classroom lecture, then tested the students at various intervals of delay up to two months.  

Jones also found that taking the initial test early on was advantageous for later memory, 

and that “the amount of information retained after 8 weeks with a prior test was greater 

than that retained after just 3 days without a prior test” (cited in Butler & Roediger, 

2007).     

 Despite these rich roots of research on testing in situ, many of the studies 

interested in the testing effect that have transpired in their wake (as discussed earlier) 

have taken place in the cognitive psychology lab and relied on a) materials that are 

conducive to experimental controls like word lists (Hogan & Kintsch, 1971; McDaniel & 

Masson, 1985) and paired associate lists, sometimes even of nonsense syllables (Allen, 

Mahler, & Estes, 1969; Carrier & Pashler, 1992), and b) delayed measures of retention 

that typically occur within the same lab session or within a matter of days.  There has 

been a push to study the testing effect in more ecologically valid settings that more 

closely approximate classroom conditions. One example of the contemporary resurgence 

of interest in more educationally relevant design is to a) use prose passages (Duchastel & 

Nungester, 1981; Foos & Fisher, 1988), foreign language vocabulary (Carrier & Pashler, 

1992), general knowledge questions (McDaniel & Fisher, 1991; Butler, Karpicke, & 

Roediger, 2007), or lectures (Butler & Roediger, 2007; Cranney, Ahn, McKinnon, 

Morris, & Watts, 2008), b) extend the delay of final tests to a scale of weeks instead of 

hours or days, and c) use standard formats of tests like multiple-choice and short-answer.   
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In Search of a Team-Based Testing Effect 

 In light of the interest in finding a more applicable stage on which to implement 

and evaluate tests as learning events, the following sections survey the current state of 

knowledge regarding each of the component parts of TBT, which is already being used 

by TBL classrooms in a variety of disciplines and post-secondary settings (e.g., business, 

medical education, etc; see Team-Based Learning.) 

 

Tests vs. No Tests 

One of the most consistently concluded findings throughout this line of research is 

that taking an initial test leads to better retention than either not taking a test or engaging 

in a comparable period of additional study -- (Bangert-Drowns, Kulik, and Kulik, 1991; 

Roediger and Karpicke, 2006a).  In fact, the use of a no-testing condition – and 

specifically a condition that merely reviews the material by studying it – has been so 

commonplace and nearly universally satisfactory as a baseline variable that I decided to 

omit the condition to save room for those conditions among which comparisons still need 

to be made. In other words, this study stands on the established literature that testing is 

generally better than not testing.  However, because not all tests have equal impact, 

further clarifications of what types of tests should be used are in order. 

 

Multiple-Choice vs. Short-Answer 

Generally speaking, tests requiring active retrieval of information (e.g., free 

recall, short-answer, etc.) produce greater benefits on later tests than those requiring 

merely recognition of the information (e.g., true-false, multiple-choice, etc.), and this 

seems to be true regardless of the format of the final test (Chan, McDermott, & Roediger, 
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2006).  The gap in learning from these two types of tests is narrowed when multiple-

choice items are given feedback on their answers (which will be discussed in the next 

section).  Nevertheless, the superiority of supply-type over select-type tests  when all else 

is equal is another of the most solidly established findings of testing studies (Bangert-

Drowns, et al, 1991; Leeming, 2002; McDaniel, et al, 2007).   For example, Butler and 

Roediger (2007) conducted a study of the effects of testing material from a video-

recorded lecture immediately following the lecture and four weeks later.  Multiple-choice 

tests were as effective as re-studying the material at improving scores on the final test 

over the no-activity condition, but not as effective as the short-answer tests.  McDaniel, 

Roediger, and McDermott (2007) summarized three studies that all demonstrated, like 

with so many other studies, a robust testing effect in general, and a particularly stable 

trend of short-answer tests leading to the better performance at a later measure of 

retention than either multiple-choice tests or the extra study condition.  The view from 

the literature is clear:  short-answer tests are better.  However, the view from the field is 

equally clear:  TBT has always been limited to multiple-choice tests.  

 

Feedback vs. No Feedback 

Another important topic for testing is feedback. TBT is designed to let students 

take the initial individual test without feedback and the follow-up team test with feedback 

– the purpose being in both cases to facilitate deeper engagement in the discussions 

during the team test. Michaelson, Knight, and Fink (2004) described in informal terms 

the favorability of immediate feedback for calibrating the credibility and confidence 

structures of the group.  Evidence also exists that delayed feedback, regardless of 

feedback type, is advantageous for later recall  (Roediger & Karpicke, 2006a). 
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The main reasons why TBT uses multiple-choice items are logistical instead of 

theoretical.  Until recently, the team readiness assurance tests of TBL relied on paper-

based immediate feedback assessment technique (IF-AT) forms.   These are lottery-style 

scratch-off cards that contain rows of marks for each question, each mark corresponding 

to the four (or five) answer choices, labeled A through D (or E).  The mark corresponding 

to the correct answer conceals a star.  Once the team decides on an answer, the team 

representative scratches off the mark corresponding to that answer.  If this reveals a star, 

thus indicating the correct choice, the team is awarded full credit.  If this does not reveal 

a star, the team makes a second attempt at an answer for a chance to earn half the points.  

This procedure repeats until the correct answer is confirmed, each time with the chance to 

win half of the points available from the previous attempt.  This format allows for the 

convenience of using prepared forms based on pre-determined single correct answers, 

immediate feedback, and automatic scoring.    

An open-source computer version of the IF-AT form has been recently developed 

(Robinson, Sweet, & Mayrath, 2008; Robinson & Walker, 2008). The electronic TBT 

form has unique benefits (e.g., question order randomization, automatic archiving of 

scores, etc.), but essentially replicates the answer selection and feedback correction 

procedure of the paper version.  As long as the capability of assessment tools is limited to 

this application, then the feasibility of assessment techniques will be limited to this 

implementation.  In other words, regardless of any theoretical advantage that may 

accompany other test formats, the logistical limitations will determine what can be 

practically and realistically used.  These limitations are lessening, however, and there is 

already a plethora of options for Automated Essay Scoring and Computer-based 

Assessment Systems that offer ways to score and provide automatic, immediate feedback 

on prose and text-entry type items (for reviews, see Dikli, 2006; Valenti, Neri, & 
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Cucchiarelli, 2003). As technological advances become more reliable, accessible, and 

affordable, one can easily imagine a time when IF-AT forms will open onto a wider 

variety of options for real-time testing in the classroom.  Given this potential, and the 

research on how feedback facilitates the impact of different test item formats on learning 

(Kang, McDermott, & Roediger, 2007), it is not too soon to begin thinking about how the 

RAP can be expanded beyond its current selection-style test mold. 

 

One test vs. Repeated Tests 

TBT prescribes the consecutive tests procedure because of its impact on the social 

processes of the team – namely, that this combination uniquely sustains both individual 

accountability and collaborative participation.  However, I was interested in this study in 

the cognitive gains or losses by doing so.  Do repeated tests improve learning?  TBL is 

unique in its design of a repeated test in the heart of its curriculum, yet the verbal 

memory experiments that are so typical of testing research are intentionally set up to 

compare multiple repeated testing periods with intervening study periods (e.g., Tulving, 

1967).  However, the picture becomes more complicated when one considers the series of 

tests as part of the intentional manipulation of learning and not just the incidental 

measurement of it.  Some of the earliest studies to consider this question identified a 

detrimental effect of taking tests over again (Bartlett, 1932; Ebbinghaus, 1885/1964), 

whereas others found the opposite result (Ballard, 1913; Brown, 1923; Williams, 1926). 

Wheeler and Roediger (1992) compared the competing claims and concluded that if 

intervals between successive tests are long (i.e., a matter of days, even weeks), forgetting 

is more powerful than remembering; but if they’re short (i.e., a matter of minutes within 

the same testing session), improvement of memory across tests occurs.  This phenomenon 
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of recalling more information on subsequent iterations, known as reminiscence or 

hypermnesia, had aresurgence in the literature beginning with Erdelyi and Becker (1974).  

Even though there has not been explicit, directly transferable research on the particular 

kind of test repetition employed by the RAP, ample evidence exists to suggest that more 

tests and frequent tests should yield better retention (Bangert-Drowns, Kulik, & Kulik, 

1991; Foos & Fisher, 1988; Glover, 1989; Leeming, 2002; Paige, 1966).    

 

Individually vs. As a Team 

Are two heads better than one?  Not always.  Some research has demonstrated a 

collaborative inhibition effect whereby individuals brainstorming or recalling in groups 

actually produce fewer unique instances than comparison groups who meet separately 

and pool their contributions (Peker & Tekcan, 2009; Weldon & Bellinger, 1997).  

Furthermore, groups have been shown to exhibit greater confidence in their answer 

choices, including when they are wrong (Puncochar & Fox, 2004).  On the other hand, 

some research has demonstrated that two heads might actually be better than one through 

cross-cuing – a process whereby individuals spark each other’s memory of one thing by 

mentioning something else (Meudell, Hitch, & Boyle, 1995; Cranney, et al, 2008).  

Research has also uncovered the delayed benefit of true collaborative groups who, after 

underperforming compared to a nominal group on an initial measure, actually do better 

on a measure of long-term retention (Basden, Basden, & Henry, 2000).  

 

The Three-fold Testing Effect 

This is the third in a series of variables to follow this time-delay pattern.  

Participants who studied instead of taking an initial test did better on the proximal 
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assessment, but the testers prevailed at a later assessment.  Likewise, individuals taking a 

multiple choice test will score higher than those who take the same test in a short-answer 

format, but after a delay, it is the short-answer condition that scores the highest on 

follow-up test after a delay.  Thirdly, there is evidence of collaborative groups getting 

out-scored by nominal groups at first, but then remembering more information on a later 

retention measure.  These interactions between testing condition and time converge to 

make a case for how TBT can be validated.  Because TBT is conventionally given in 

multiple-choice format and in true teams, it could be the case that its benefits are not 

detectable until a delayed measure of learning.  Therefore, in order to make a case for the 

merits of this approach, cognitively and not just socially, this study was designed to 

evaluate the TBT testing sequence and format by comparing it to other slightly modified 

approaches. 

 

The Testing Effect on Different Measures of Learning 

Old vs. New Items 

 To more thoroughly examine the effects of the major components of TBT on 

learning, this study included four kinds of delayed outcome measure items, built around 

two dimensions, each with two levels.  One dimension of the delayed outcome measures 

is whether the items had appeared on the initial test.  Both old and new items were 

included for several reasons.  First, a variety of old and new items more realistically 

represents the range of assessment methods students will face in formal learning 

environments. Second, transfer of learning to new material is at once one of the most 

important goals of teaching and one of the most perplexing challenges of learning 

(Butler, 2010).  Because much of the research on test-enhanced learning has focused on 
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recall and retention of the previously tested material, more studies should include never-

before-tested material to extend beyond that to which participants have already been 

exposed.   

 The third reason both old and new items were included is to better understand 

how the learning of some material affects the learning of related but different material.  

For example, according to the phenomenon of retrieval-induced forgetting (Anderson, 

2003), final recall of items that have previously been available for retrieval practice can 

be enhanced, whereas recall for of unpracticed items can be inhibited.  This is analogous 

to how the inclusion of objectives before assigning a prose passage increases memory of 

that information (intentional learning), but decreases the retention of non-objective 

related information (incidental learning) (Faw & Waller, 1976; Rothkopf, 1966).  

However, Roediger and Karpicke (2006b) argued, “the positive effects of testing are 

often so large that in most circumstances they will overwhelm the relatively modest 

interference effects” (p. 203).  Furthermore, the risk of this effect is likely limited by the 

degree to which learning material is highly interrelated, like textbook chapters and 

lectures (Anderson & McCulloch, 1999).  In fact, there may even be a facilitation effect 

of untested items by tested items by virtue of this relatedness (Chan, McDermott, & 

Roediger, 2006).  

 

Same vs. Different Format 

 The second dimension around which the final test items vary is format.  Creating 

half of the delayed items in short-answer form and the other half in multiple-choice form 

accomplished several things.  First, as with item-novelty, including both kinds of 

commonly used test items more closely approximates the variety of ways that students 
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would be held accountable for the material later.  Second, the relation between 

assessment format and content is not fully accounted for.   For example, one potential 

problem brought about by testing is the negative suggestion effect (Remmers & 

Remmers, 1926).  Simply stated, this principle describes how participants may regard 

some false statements as true simply by having been exposed to them before.  This is 

problematic for true/false type tests (Toppino & Brochin, 1989) and multiple-choice tests 

(Toppino & Brochin, 1993), as well as the mere mention of erroneous information 

(Brown, Schilling, & Hockensmith, 1999), in which learners risk creating a familiarity 

with the wrong information (Roediger & Karpicke, 2006b).  However, these dangers can 

be diminished, if not deleted, if 1) the test items are easy enough such that the right 

answer can be obviously selected (Butler, Marsh, Goode, & Roediger, 2006), and 2) if 

corrective feedback is given soon after the test, any negative effects that would otherwise 

result from the lures can be eliminated (Butler & Roediger, 2006a).  

 In addition to the possible pitfalls of the “select” style of test items (that are not 

present for the “supply” style), there is also a potential concern for the differences in style 

between earlier and later sessions. Later recall can be facilitated by the continuity 

between the context of the cue and recall – a phenomenon known as transfer-appropriate 

processing (Bransford, Franks, Morris, & Stein, 1979).  However, a matching effect of 

this sort would put more weight on the context of the exercise than the cognitive effort 

involved in it.  Because the heart of the testing effect is the cognitive advantages of 

retrieval over recognition, the search for a collaborative testing effect in this study 

included different item formats in the delayed testing session. 
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Research Questions  

 Because this study was exploratory in nature, primary research questions and 

associated hypotheses were framed in terms of the overall effects of the treatment 

conditions on the combined learning measure.  Follow-up tests were used to unravel any 

specific effects on each of the separate dependent variables. 

To summarize, in this study, I focused on the following research questions.  

Format 

Research Question 1) Do initial short-answer tests promote better performance on 

a delayed measure of learning than initial multiple-choice tests? 

Hypothesis 1) Students who take an initial short-answer test perform better on the 

delayed test than those who take an initial multiple-choice test. 

Exposure 

Research Question 2) Does taking an initial test twice in a row promote better 

performance on a delayed measure of learning than only taking an initial test once? 

Hypothesis 2) Students who take an initial test twice perform better on the 

delayed test than those who only take the initial test once. 

Mode 

Research Question 3) Does taking an initial test as a team promote better 

performance on a delayed measure of learning than taking an initial test individually? 

Hypothesis 3) Students who take an initial test as a team perform better on the 

delayed test than those who only take the initial test as individuals. 

 

In addition to these main effects, I was interested in any interaction effects among 

these factors to detect whether any of these effects are dependent on the other factors. 
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Chapter Three: Method 

The purpose of this study was to evaluate the purported cognitive advantages of 

the conventional team-based testing procedure.  This hallmark sequence of the Readiness 

Assurance Process prescribes a multiple-choice test taken first individually without 

feedback, then again immediately thereafter as a team with feedback.  The current study 

was designed to assess the differential impact of taking tests once or twice, individually 

or collaboratively, and in multiple-choice or short answer format.   The context in which 

these variables were evaluated for this study is a compromise between experimental 

control and ecological validity.  Many of the studies of delayed knowledge retention in 

authentic classrooms have not used tests as the independent variable  (e.g., Landauer & 

Ainsle, 1975; Semb, Ellis, & Araujo, 1993; for review see Semb & Ellis, 1994), and 

those that have were restricted by other ethical and administrative concerns (e.g., 

equitable conditions within a given period of evaluation (McInerney & Fink, 2009).  

Conversely, many of the stimulus materials used in laboratory studies of testing effects 

lack real world relevance.  This study approximated classroom conditions while 

maintaining necessary controls. 

   

PARTICIPANTS 

Participants were recruited from the Department of Educational Psychology 

subject pool at a large public university in the southwest United States.  The following 

questions were used as screening criteria: “Would you say you have a good familiarity 

with Impressionist art and some of the artists in that movement?,” and “Have you visited 

any Impressionism exhibit (including the recent exhibit at the Blanton Museum) in the 
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last six months?”  Prospective participants who answered "yes" to either question were 

excluded from this study.   

Participants were required to attend both sessions of the study in order to receive 

credit.  As an additional incentive, students competed for an individual high score prize 

(i.e., a $10 gift card) within their respective condition group at each of the two testing 

sessions (for a total of two chances to win one of the 16 prizes).  Participants were 

randomly assigned to one of eight conditions scheduled across 16 pre-scheduled sessions.  

Participants were responsible for selecting a time to attend, so to control for potential 

time-of-day effects, two sessions for each condition group were offered -- one in the 

morning and the other in the afternoon.  By limiting each experimental session to one 

condition, time on task was approximately equalized and thus disruptions were 

minimized (e.g., participants who would have finished earlier because of taking the test 

as multiple-choice, only once, or by themselves, would not have to worry about exiting 

the lab before their other-condition counterparts).  

An a priori power analysis using G-Power software (Faul, Erdfelder, Lang & 

Buchner, 2007) determined that a total of 240 students (30 per cell) were needed to detect a 

medium effect size (.80; Cohen, 1992). Use of the following parameters yielded an estimated 

power of .80: an alpha level set at .05, an f2 of .25, and eight levels of between-subjects 

variable.   

  

MATERIALS 

The raw materials for this experiment, including a video-recorded lecture and 

associated test items, were the same as those used by Butler and Roediger (2007) in their 

study of the testing effect with various question formats and feedback mechanisms.  



 28 

Although the present study omits any variability of feedback, the continuity of materials 

remains advantageous for replication (i.e., of short answer vs. multiple-choice question 

format), modification (i.e., a more balanced assessment of learning at the final session 

than had been used before), and extension (i.e., the additional analysis of taking tests 

twice and taking tests as a team).   

 

Lecture 

Following the trend of incorporating increasing ecological validity into studies of 

the testing effect while still maintaining adequate levels of experimental control, this 

study used a video-recorded presentation of college-level material.  The 30-minute 

lecture by Dr. Richard Brettel on the life and work of artist Edgar Degas is part of a series 

entitled From Monet to Van Gogh: A history of impressionism (The Teaching Company, 

2000).  The setting simulated a professor speaking in front of a class, making occasional 

reference to projected images of artwork or other relevant material.  Prior to watching the 

lecture, participants were given a brief introduction to the importance of the general 

topic, the significance of the specific lesson, and the credibility of the speaker. 

 

Initial Test 

Post-lecture tests comprised questions formed around 30 identified facts (names, 

dates, events, biographical details, artistic characteristics, etc.) from the video lecture (see 

Appendix F: Test Item Bank and Design Schematic).  Quiz questions were either 

followed by a blank for the short-answer condition (e.g., What is the alternative title of 

Degas' 1870 painting "Madame Camus"?), or followed by the correct answer (e.g., "The 

Evening") and three distracters, (e.g., "Woman Sitting," "Nightfall," "Widow Mourning") 
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for the multiple-choice condition.  The initial learning tests, immediately following the 

lecture, included only 20 of the total items, omitting every third item (see Appendix C: 

Initial Short-answer Test, and Appendix D: Initial Multiple-choice Test). This allowed 

the follow-up test, given two weeks later, to be comprehensive while including new 

items, evenly spread throughout the lecture. Participants in the multiple-choice conditions 

were instructed to “Please answer the following questions by selecting the correct answer 

or making your best guess if necessary.” Participants in the short answer conditions were 

given the same instructions, substituting the word “typing” for “selecting.”   

The tests were designed to appear in two versions, one with feedback and one 

without.  The feedback version revealed the correct answer as soon as the participants 

submitted their answer.  The individual and group conditions that only took the quiz once 

in the initial session were given this version with the feedback feature. For the “take it 

twice” conditions, feedback was only given the second time. This ensured that 

participants in all conditions left the initial session having at least been exposed to the 

correct answers. Before beginning the test that included feedback, participants were 

instructed “This time, after you submit your answer for each item, the system will show 

you the correct answer. This will be your only chance to review the item, so be sure to 

pay attention to the correct answer. Your test will be scored later.”  When it was time for 

those in the group conditions to form their groups (right away for the “take it once” 

condition, and after the individual test for the “take it twice” condition), participants were 

directed to arrange themselves in a huddle around the group-designated team 

representative’s terminal. Total time for the first session was approximately sixty 

minutes. All tests were administered through Qualtrics, an online survey program. 
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Final Test 

The final test was taken once individually by all participants, and was an even 

mixture of short-answer and multiple-choice items (see Appendix E: Final Test).  Every 

third item from the original list was set aside for the follow-up session’s final test, thus 

ensuring a chronological cross-section of the lecture for both the intial  (20 item) and 

final (30 item) test.  The items on the original list were also designated short-answer and 

multiple-choice alternately.  This ensured that half of the items from the initial learning 

test and half of the items of the final test were of each format, thus counterbalancing 

familiarity and novelty effects across all items for each individual.  As a result, the 

delayed test was organized across two dimensions, resulting in four distinct sub-tests:  

Old Multiple-choice, Old Short-answer, New Multiple-choice, New Short-answer.  

Although Butler and Roediger (2007) used all short-answer items on their final test, this 

study’s use of a mixed question-type measure of long-term learning had the advantage of 

balancing the effects of prior exposure to identical items.  In all versions of all tests in all 

sessions, item presentation order was randomized, and answer choice order was 

randomized within each multiple-choice item  (see Table 1). 
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Table 1: A Design Schematic for Test Characteristics by Condition 

A Design Schematic for Test Characteristics by Condition 
Test Characteristics 

FORMAT EXPOSURE MODE 
Initial 

Test (a) 
Initial 

Test (b) Final Test 
Individually MC(w/fb) x [MC(New&Old) / 

SA(New&Old)](w/fb) 
Once 

As a Team MC(w/fb) x [MC(New&Old) / 
SA(New&Old)](w/fb) 

Individually MC MC(w/fb) [MC(New&Old) / 
SA(New&Old)](w/fb) 

Multiple-
choice 

Twice 

As a Team MC MC(w/fb) [MC(New&Old) / 
SA(New&Old)](w/fb) 

Individually SA(w/fb) x [MC(New&Old) / 
SA(New&Old)](w/fb) 

Once 

As a Team SAw/fb) x [MC(New&Old) / 
SA(New&Old)](w/fb) 

Individually SA SA(w/fb) [MC(New&Old) / 
SA(New&Old)](w/fb) 

Short-
answer 

Twice 

As a Team SA SA(w/fb) [MC(New&Old) / 
SA(New&Old)](w/fb) 

 

 

Other Measures 

In addition to the content-based tests, participants completed a brief demographic 

survey (see Appendix B: Demographic Survey). Immediately following the lecture, 

participants were asked, “Prior to this lecture, how familiar were you with this topic?”  

Participants indicated the “approximate percentage of the material that you knew” on a 

sliding scale from 0% = “Knew none of it” to 100% = “Knew all of it.”  Participants were 
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also asked to rate their interest in the topic on a Likert scale ranging from 1 (“Very 

uninterested”) to 5 (“Very interested”). 

 

DESIGN 

A 2 (initial test repetition: taken once vs. taken twice) x 2 (initial test sequence: 

taken individually vs. taken as a group) x 2 (initial test format: multiple choice vs. short 

answer) x 2 (final test format: multiple choice vs. short answer) Factorial MANOVA was 

used to analyze the scores on each of four sub-tests as dependent variables (Old Multiple-

choice items, Old Short-answer items, New Multiple-choice items, and New Short-

answer items).  See Figure 1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 33 

Figure 1: 2 x 2 x 2 Design 

 

 

PROCEDURE 

The experiment consisted of two sessions taking place approximately two weeks 

apart. 

Initial Session 

The initial session began with an overview of the study, informing participants 

that this was part of a research project on the effects of different testing procedures on 

learning. Participants were instructed to approach this exercise like they would one of 

Once Twice

Individually (I) I I, I

As a Team (T) T I, T

Once Twice

Individually (I) I I, I

As a Team (T) T I, T*

*This cell represents the conventional TBT 

sequence: participants take a MC test first 

individually, then immediately again as teams 

Short-answer

Multiple-choice
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their own classes and that they would be competing for gift cards with others in their 

condition group at each phase of the test. All participants began by reading a brief 

introduction to the lesson (see Appendix A: Consent Form and Study Introduction), then 

watching the video lecture, which was projected onto a large screen in front of the 

classroom.  With the goal of facilitating better attention during the lecture and more 

closely simulating a real classroom setting, participants were given a blank sheet of paper 

and encouraged to use it to take notes.  After the lecture, however, I collected their notes, 

which were not reviewed by the participants at any other point during the study, nor 

analyzed.   Next, participants logged into the computer at their desk to begin the survey 

and testing sequence.   The survey and testing sequence lasted an additional thirty 

minutes beyond the video. 

 

Final Session 

Approximately two weeks after their first session, participants returned to take the 

final test and additional measures.  All follow-up sessions were open to all participants 

since the final test was identical for all conditions.  The final session lasted twenty 

minutes. 

 

DATA SCORING 

Tests were scored using an answer key.  Multiple-choice items were scored either 

right (1) or wrong (0).  Short Answer items were scored either right (1), wrong (0), or 

partially right (0.5).  

 
 
 



 35 

Chapter Four: Results  

This chapter describes the statistical analyses used to answer the research 

questions pertaining to how the prescribed testing sequence of Team-Based Testing 

(TBT) promotes individual learning. Conventionally, TBT is implemented in the form of 

a multiple-choice test taken first individually, and then immediately taken again as a team 

(incorporating feedback on the team-level test).  This study evaluated the relative merits 

of this approach, defined by scores on a set of delayed tests, by investigating whether 

there are any cognitive advantages to taking the test 1) the second time as a team, 2) a 

second time at all, and 3) in a short-answer, rather than multiple-choice format.  

The follow-up test given after a two-week delay was essentially a concatenation 

of four distinct measures of learning, varying on Format (i.e., whether the item on the 

final test was multiple-choice or short-answer) and Novelty (i.e., whether the item 

covered content that had been tested on the initial test during the first phase).   Rather 

than treat these four measures as within-subjects variables (which would render 

comparisons of how individuals do on one type of item over another – an outcome easily 

predictable from the established difficulty of multiple-choice vs. short-answer tests and 

old vs. new items), I determined that treating the four types of item characteristics as 

separate, but related dependent variables would more appropriately examine the 

treatment effects of all three TBT components.  Accordingly, a factorial multivariate 

analysis of variance (MANOVA) was used to measure the effect of three between-

subjects factors, comprising two levels of each TBT structural component -- Mode (taken 

Individually or as a Team), Exposure (taken Once or Twice), and Format (taken as 

Multiple-choice or Short-answer) on the four dependent variables of old multiple-choice 

items (OldMC), old short-answer items (OldSA), new multiple-choice items (NewMC), 
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and new short-answer items (NewSA). All scores are reported as percentage correct 

scores.  All effects were considered to be statistically significant at an alpha level of .05.  

Only significant effects are reported from each statistical test, unless otherwise stated.   

 

DESCRIPTIVE STATISTICS 

Participant Characteristics 

Of the 208 participants, 44% were male (N = 92) and 56% were female (N = 

116); 10% were Freshmen (N = 20), 10% were Sophomores (N = 20), 18% were Juniors 

(N = 129), and 62% were Seniors (129).  The original design, based on 240 participants, 

called for 30 participants per each of the eight cells of the 2 x 2 x 2 design.  Figure 2 

shows actual cell sizes. 
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Figure 2: Cell Sizes 

 

 

 

Tests of Assumptions 

The following assumptions about the data were verified.  1) Independent variables 

were categorical.  2) Dependent variables were continuous and measured at an interval 

level.  3) Observations were independent.  4) Sample size was adequate and cell sizes 

were equal. 5) Homoscedasticity was not violated; homogeneity of group covariance 

matrices is assumed because of a non-significant Box’s M test (Box’s M = 63.43; F(70, 

45638.29) = .844, p = .82), and homogeneity of group error variances is assumed because 

of a non-significant Levene’s test.  See Table 2.  

Once Twice

Individually (I) 23 24

As a Team (T) 28 37

Once Twice

Individually (I) 21 22

As a Team (T) 23 30

Short-answer

Multiple-choice
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Table 2: Homogeneity of Variance  

Levene's Test of Equality of Error Variances 
 F dfnum dfden Sig. 

final_OldMC 1.703 7 200 .110 
final_OldSA 1.547 7 200 .153 
final_NewMC 1.006 7 200 .428 
final_NewSA .500 7 200 .834 

 

However, the assumption of normality was not supported by the results of 

Shapiro-Wilk’s test of normality for three of the four dependent measures: OldMC, 

NewMC, and New SA (all p values were less than .05).   Thus, analyses involving these 

measures are to be interpreted with caution. 

Also, one outlier was identified.  A total of 209 participants completed the study.  

The lowest scoring participant only answered two items correctly (7%) and was 

observably separated from the distribution.  This participant’s overall score was more 

than 3 standard deviations below the overall mean score (Z = -3.14), which could be 

considered an outlier (Stevens, 2002).  Furthermore, this participant indicated a lack of 

interest when participants were asked to rate their interest in the topic after watching the 

lecture, providing a rating of “Uninterested” (overall scores on Interest ranged from 1 = 

“Very Uninterested” to 5 = “Very Interested,” M = 2.45, SD = 1.02).  Based on this 

convergence of evidence, the researcher concluded that this participant did not take the 

study seriously.  This case was omitted from the analyses, rendering N=208. 

Table 3 shows scores on the initial test, taken immediately following the lecture, 

for each condition. 
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Table 3: Scores on the Initial Test for Each Condition 

 
Scores on the Initial Test for Each Condition 
FORMAT EXPOSURE MODE Mean Std. Deviation N 

Individually 63.8 15.2 21 
As a Team 92.8 5.6 23 

Once 

Total 79.0 18.4 44 
Individually 75.7 19.0 22 
As a Team 73.5 15.8 30 

Twice 

Total 74.4 17.1 52 
Individually 69.9 18.1 43 
As a Team 81.9 15.7 53 

MC 

Total 

Total 76.5 17.8 96 
Individually 54.2 21.0 23 
As a Team 76.0 6.9 28 

Once 

Total 66.2 18.4 51 
Individually 50.4 16.4 24 
As a Team 50.5 16.9 37 

Twice 

Total 50.5 16.5 61 
Individually 52.3 18.7 47 
As a Team 61.5 18.5 65 

SA 

Total 

Total 57.6 19.0 112 
Individually 58.8 18.9 44 
As a Team 83.6 10.5 51 

Once 

Total 72.1 19.4 95 
Individually 62.5 21.6 46 
As a Team 60.8 20.0 67 

Twice 

Total 61.5 20.6 113 
Individually 60.7 20.3 90 
As a Team 70.6 20.0 118 

Total 

Total 

Total 66.3 20.7 208 
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MAIN FINDINGS 

 

The data of primary interest to this study are scores on each of the four types of 

delayed tests, given two weeks after the initial learning session.  The overall scores on the 

four subtests of the delayed test are displayed in Figure 3.   

Figure 3: Overall Scores on Four Delayed Tests 

 

Means and standard deviations of scores on the delayed sub-tests are shown for 

each condition group in the following tables: Old MC (Table 4),  Old SA (Table 5), New 

MC (Table 6), and old MC (Table 7).  
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Table 4:  Scores on Old Mulitple-choice items 

 
Scores on Delayed Old Multiple Choice Items by Treatment Condition  
FORMAT EXPOSURE MODE Mean Std. Deviation N 

Individually 71.4 14.9 21 
As a Team 80.0 21.1 23 

Once 

Total 75.9 18.7 44 
Individually 77.7 24.1 22 
As a Team 78.3 19.5 30 

Twice 

Total 78.1 21.3 52 
Individually 74.7 20.2 43 
As a Team 79.1 20.0 53 

MC 

Total 

Total 77.1 20.1 96 
Individually 86.1 13.7 23 
As a Team 84.3 17.1 28 

Once 

Total 85.1 15.5 51 
Individually 85.4 16.1 24 
As a Team 85.9 14.6 37 

Twice 

Total 85.7 15.1 61 
Individually 85.7 14.9 47 
As a Team 85.2 15.6 65 

SA 

Total 

Total 85.4 15.2 112 
Individually 79.1 16.0 44 
As a Team 82.4 18.9 51 

Once 

Total 80.8 17.6 95 
Individually 81.7 20.5 46 
As a Team 82.5 17.3 67 

Twice 

Total 82.2 18.6 113 
Individually 80.4 18.4 90 
As a Team 82.5 17.9 118 

Total 

Total 

Total 81.6 18.1 208 
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Table 5: Scores on Old Short-answer Items 

Scores on Delayed Old Short Answer Items by Treatment Condition 
Individually 38.6 18.2 21 
As a Team 45.0 22.2 23 

Once 

Total 41.9 20.4 44 
Individually 53.2 19.1 22 
As a Team 54.0 18.1 30 

Twice 

Total 53.7 18.4 52 
Individually 46.0 19.9 43 
As a Team 50.1 20.3 53 

MC 

Total 

Total 48.3 20.1 96 
Individually 48.9 19.1 23 
As a Team 54.8 23.6 28 

Once 

Total 52.2 21.7 51 
Individually 57.7 14.6 24 
As a Team 57.0 18.3 37 

Twice 

Total 57.3 16.8 61 
Individually 53.4 17.3 47 
As a Team 56.1 20.6 65 

SA 

Total 

Total 55.0 19.3 112 
Individually 44.0 19.2 44 
As a Team 50.4 23.3 51 

Once 

Total 47.4 21.6 95 
Individually 55.5 16.9 46 
As a Team 55.7 18.1 67 

Twice 

Total 55.6 17.6 113 
Individually 49.9 18.9 90 
As a Team 53.4 20.6 118 

Total 

Total 

Total 51.9 19.9 208 
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Table 6: Scores on NewMC Items 

Scores on Delayed New Multiple Choice Items by Treatment Condition 
Individually 33.3 23.9 21 
As a Team 46.1 29.2 23 

Once 

Total 40.0 27.3 44 
Individually 50.0 29.4 22 
As a Team 39.3 23.8 30 

Twice 

Total 43.8 26.6 52 
Individually 41.9 27.9 43 
As a Team 42.3 26.2 53 

MC 

Total 

Total 42.1 26.8 96 
Individually 50.4 22.5 23 
As a Team 43.6 25.6 28 

Once 

Total 46.7 24.2 51 
Individually 37.5 22.3 24 
As a Team 43.2 21.4 37 

Twice 

Total 41.0 21.7 61 
Individually 43.8 23.1 47 
As a Team 43.4 23.1 65 

SA 

Total 

Total 43.6 23.0 112 
Individually 42.3 24.5 44 
As a Team 44.7 27.0 51 

Once 

Total 43.6 25.8 95 
Individually 43.5 26.4 46 
As a Team 41.5 22.4 67 

Twice 

Total 42.3 24.0 113 
Individually 42.9 25.4 90 
As a Team 42.9 24.4 118 

Total 

Total 

Total 42.9 24.8 208 
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Table 7: Scores on NewSA Items 

Scores on Delayed New Short Answer Items by Treatment Condition 
Individually 18.1 16.3 21 
As a Team 23.9 21.3 23 

Once 

Total 21.1 19.1 44 
Individually 20.0 17.5 22 
As a Team 22.3 20.5 30 

Twice 

Total 21.3 19.1 52 
Individually 19.1 16.7 43 
As a Team 23.0 20.6 53 

MC 

Total 

Total 21.3 19.0 96 
Individually 26.5 19.4 23 
As a Team 27.1 21.1 28 

Once 

Total 26.9 20.1 51 
Individually 25.8 17.7 24 
As a Team 25.4 20.2 37 

Twice 

Total 25.6 19.1 61 
Individually 26.2 18.4 47 
As a Team 26.2 20.4 65 

SA 

Total 

Total 26.2 19.5 112 
Individually 22.5 18.3 44 
As a Team 25.7 21.0 51 

Once 

Total 24.2 19.8 95 
Individually 23.0 17.6 46 
As a Team 24.0 20.2 67 

Twice 

Total 23.6 19.1 113 
Individually 22.8 17.9 90 
As a Team 24.7 20.5 118 

Total 

Total 

Total 23.9 19.4 208 
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The three-way MANOVA conducted on the four dependent measures indicated 

main effects for Format, multivariate Wilks’ λ = .931, F(4, 197) = 3.63,  p = .007, partial 

η2 = .069,  and Exposure, multivariate Wilks’ λ = .921, F(4, 197) = 4.2,  p = .003, partial 

η2 = .079.  In addition, there was an interaction among Format, Exposure, and Mode, 

multivariate Wilks’ λ = .953, F(4, 197) = 2.44,  p = .048, partial η2 = .047 (see Table 8).  

Follow-up univariate ANOVAs were conducted on each of the four dependent measures 

separately to further examine each of these multivariate effects.   

Table 8: MANOVA Table 

 

Multivariate Testsc             

Effect   Value F 
Hypothesis 

df 
Error 

df Sig. 

Partial 
Eta 

Squared 

Intercept 
Wilks' 
Lambda 0.044 1058.103a 4 197 0 0.956 

FORMAT 
Wilks' 
Lambda 0.931 3.633a 4 197 0.007 0.069 

EXPOSURE 
Wilks' 
Lambda 0.921 4.203a 4 197 0.003 0.079 

MODE 
Wilks' 
Lambda 0.991 .455a 4 197 0.769 0.009 

FORMAT * 
EXPOSURE 

Wilks' 
Lambda 0.983 .847a 4 197 0.497 0.017 

FORMAT * 
MODE 

Wilks' 
Lambda 0.992 .387a 4 197 0.818 0.008 

EXPOSURE 
* MODE 

Wilks' 
Lambda 0.993 .334a 4 197 0.855 0.007 

FORMAT * 
EXPOSURE 
* MODE 

Wilks' 
Lambda 0.953 2.440a 4 197 0.048 0.047 
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Main Effects 

There was a main effect for Format on Old Multiple-choice items, F(1, 200) = 

11.68, MSE = 315.9, p < .001, partial η2 = .055, with participants who took a short-

answer test (M = 85.45, SD = 15.24) outperforming those who took a multiple-choice test 

(M = 77.08, SD = 20.1).  Likewise, for Old Short-answer items, there was a similar main 

effect for Format, F(1, 200) = 6.47, MSE = 373.49, p = .012, partial η2 = .031, with 

participants who took a short-answer test (M = 54.96, SD = 19.26) outperforming those 

who took a multiple-choice test (M = 48.28, SD = 20.12).  See Figure 4. 

 

Figure 4: Effects of Initial Test Format on Delayed Test of Old Items 
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There was also a main effect for Exposure on Old Short-answer items, F(1, 200) 

= 10.09, MSE = 373.49, p = .002, partial η2 = .048, with participants who took a test 

twice (M = 55.62, SD = 17.55) outperforming those who took a test once (M = 47.42, SD 

= 21.62).  See Figure 5. 

 

Figure 5: Effects of Initial Test Exposure on Delayed Test of Old Short-answer Items 
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Interaction Effects 

There was a three-way interaction among the between-subjects factors Format, 

Exposure, and Mode on New Multiple-choice items, F(1,200) = 6.73, MSE = 607, p = 

.010, partial η2 = .033.  This three-way, or second-order, interaction was further 

investigated by searching for two-way interactions of two factors within each level of the 

third.  

 

Format by Exposure (When Taken Individually) 

Subsequent analyses for the New Multiple-choice items revealed an interaction 

for Format by Exposure within the “taken Individually” Mode condition, F(1, 86) = 8.1, 

MSE = 607.12, p = .006, partial η2 = .086, which was then followed-up with simple effect 

comparisons of multiple choice vs. short answer within each level of Exposure.  A simple 

effect was found for the “taken Once” condition F(1, 42) = 5.98, MSE = 537.2, p = .019, 

partial η2 = .125, such that for participants who took the initial test once individually, 

those who took it in short answer format (M = 50.43, SD = 22.46) outperformed those 

who took it in multiple-choice format (M = 33.33, SD = 23.94) on a delayed test of New 

Multiple-choice items.  Figure 6 contrasts the Format by Exposure interaction for each 

Mode condition. 
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Figure 6: Format by Exposure Interaction for Each Level of Mode 

 

 
Bottom panel: Individuals who took a short-answer test once (M = 50.43, SD = 22.46) 

outperformed those who took a multiple-choice test once (M = 33.33, SD = 23.94); F(1,42) = 5.98, p = 
0.19, partial η2 =  .125. 
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Mode by Exposure (When Taken as Multiple-choice) 

Subsequent analyses for the New Multiple-choice items also revealed an 

interaction for Mode by Exposure within the Multiple-choice Format condition, F(1, 92) 

= 4.58, MSE = 704.36, p = .035, partial η2 = .047, which was then followed up within 

each level of Mode.  An interaction was found for the “taken Individually” condition, 

F(1, 41) = 4.13, MSE = 723.58, p = .049, partial η2 = .091, such that for participants who 

took the initial test as Multiple-choice individually, those who took the test twice (M = 

50, SD = 29.44) outperformed those who took it once (M = 33.33, SD = 23.94) on a 

delayed test of New Multiple-choice items.  Figure 7 contrasts the Exposure by Mode 

interaction for each level of Format. 
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Figure 7: Exposure by Mode Interaction for Each Level of Format 

 

 
Top panel: Individuals who took a multiple-choice test twice (M = 50, SD = 29.44) outperformed 

those who took a multiple-choice test once (M = 33.33, SD = 23.94); F(1,41) = 4.13, MSE = 723.58, p = 
0.49, partial η2 =  .091. 
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Summary of Findings 

Taken together, the preceding data reveal that performance on material previously 

seen (i.e., “Old” items”), whether in multiple-choice or short-answer format, is positively 

impacted by having taken the initial test in short-answer format.  Furthermore, 

performance on previously seen material in short-answer format is positively impacted by 

having taken the initial test twice.  For new multiple-choice items, however, performance 

was better for participants who had taken a short-answer test once individually than those 

who had taken a multiple-choice test once individually.  For those who did take a 

multiple-choice test individually, taking it twice was better than taking it once.  Put 

another way, these data show that regarding format, taking a short-answer test positively 

impacts performance on later tests over the same items, regardless of format, as well as 

on later tests of new items, when those items are multiple-choice.  Regarding exposure, 

taking a test twice in general improves performance on previously seen short-answer 

items.  Also, taking a test twice, specifically when it is a multiple-choice test taken 

individually, is better for a later test of previously unseen multiple-choice items. 
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Chapter Five: Discussion 

In this chapter, I discuss the results of the data analyses presented in the previous 

chapter and their implications for the related learning theories and educational practices.   

This discussion is organized around the three original research questions, delineated 

according to each of the essential components of Team-Based Testing:  Exposure (i.e., 

whether the participants took the initial test once or twice), Format (i.e., whether the 

participants took a multiple-choice or short-answer initial test), and Mode (i.e., whether 

the participants took the initial test individually or as a team).  A factorial MANOVA was 

used to analyze the effect of these three independent variables on four dependent 

variables, each of which was characterized by distinct types of items:  Old Multiple-

choice, Old Short-answer, New Multiple-choice, New Short-answer.  This outcome 

measure schematic was designed to provide a more contoured representation of how 

different ways of taking tests promote types of individual learning. 

 

RESEARCH QUESTIONS 

Exposure: Once vs. Twice 

One of the questions this study sought to answer is whether taking an initial 

learning test twice in a row, as executed during Team-Based Testing (TBT), is more 

effective for individual learning than only taking it once. Research has generally 

confirmed the benefit of repeated testing (Karpicke & Roediger, 2008; Roediger & 

Karpicke, 2006b; Wheeler & Roediger, 1992).  However, the conditions in most of these 

studies stand in contradistinction to the TBT sequence in two important ways.  First, the 

initial test during the Readiness Assurance Process (RAP) of Team-Based Learning 

(TBL) is administered without feedback, so as not to spoil the ensuing discussion during 
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the team’s turn to take the second test.  Although this makes sense in the context of 

stimulating the social dynamics of the follow-up team test, the practice of withholding 

feedback during a repeated-testing sequence has not been evaluated.  One could even 

imagine that additional exposure to test items without the corrective benefit of feedback 

could be detrimental (e.g., due to the memorial persistence of erroneous selections, 

prolonged exposure to distracting lures, etc.) (Butler, Karpicke, & Roediger, 2007).  

Second, studies of repeated testing have typically used the same kind of test in 

each successive administration, varying only (if at all) by whether previously 

remembered items are excluded (Hogan &Kintsch, 1972; Karpicke & Roediger, 2006b; 

Thompson, Wenger, & Bartling, 1978; Wheeler, Ewers, & Buonanno, 2003; Wheeler & 

Roediger, 1992).   A few recent studies, however, have focused on the relative effects of 

testing on different types of delayed tests (Butler, 2010; Chan, 2009; Chan, McDermott, 

& Roediger, 2006; Kang, Johnson & Mayer, 2009; McDermott, & Roediger, 2007).  

Stepping into this tributary of more nuanced research, the current study included both 

short-answer and multiple-choice formats as well as previously tested and non-tested 

items.  Thus, whether it is better to take tests once with feedback, or first without 

feedback and then with it, evidently depend on these conditions. 

 

Tested Material 

In the present study, for short-answer items on the delayed test covering 

previously tested content (i.e., “OldSA” items), having taken a test twice was beneficial. 

A prima facie explanation of this main effect is that simply being exposed to the test item 

again increases processing and thus remembering the item.  However, a more likely 

explanation would be that learning gains are attributable, not to the second exposure, per 
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se, but because that second exposure included correct-answer feedback, which has been 

shown to improve long-term retention (Roediger & Karpicke, 2006a). Feedback not only 

nullifies the negative effects of multiple-choice items (e.g., remembering false 

information; Butler & Roediger, 2006), it enhances the testing effect, especially after a 

delay (Butler, Karpicke, & Roediger, 2007).  The positive effects of delayed feedback 

have been found after a matter of seconds (Markowitz & Renner, 1966), minutes (Berlyn, 

1966), and hours (Butler, Karpicke, & Roediger, 2007), so it is conceivable that the few 

minutes that lapse between the first and second exposure constitute a beneficial 

interruption.   However, more research is needed to determine whether the presence of 

other test items in the interim between the first and second administration are serving to 

distract the learner (Carpenter & Vul, in press) or sustain epistemic curiosity (Berlyn, 

1966).  

 

Non-tested Material 

Taking a test twice also proved beneficial when students answered new multiple 

choice questions on the delayed test (“NewMC” items), but only when initially taking a 

multiple choice (not short answer) test as an individual (not a team).  These five “new” 

multiple-choice items were part of the original 30 identified “facts” to be learned from 

the video lecture, but, along with the five short-answer new items, were excluded from 

the initial test.  Why would taking the test twice only benefit individuals and not teams, 

and only when taking multiple choice tests and not short answer tests on these items?  In 

this case, the mental process by which the learner would have answered the original 

multiple-choice questions would match that which was required to answer the new 

questions.  This overlap between encoding and retrieval is consistent with transfer-
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appropriate processing in general (Morris, Bransford, & Franks, 1977), and the encoding-

specificity principle in particular (Tulving, 1983), which states that “a retrieval cue will 

be effective to the extent that it overlaps with features (or elements) in the memory trace” 

(Butler, 2010, p. 1119).   

However, this explanation should have been observed in a short-answer matching 

effect as well.  Why would the exposure effect not have been detected for those who took 

the initial test as shor-answer?  One issue may have to do with differences in the role of 

feedback. The first round of each repeated test condition did not include feedback, which 

may have been more detrimental, or at least less helpful, on the short-answer tests than 

the multiple-choice tests (Bangert-Drowns, et al, 1991; Kang, et al, 2007).   Even though 

multiple-choice tests involve the risk of exposure to wrong answers, they also allow a 

better chance of initially engaging the right answer (select vs. supply).  If a participant 

has no idea of the correct response, seeing a fill-in-the-blank type question stem again 

may not be sufficient stimulus to conjure up a response.  In contrast, items requiring test-

takers to choose the right answer from among a list of four options leave open a chance 

that a correct memory might be triggered; and if nothing else, allow a 1 in 4 chance of 

being right even on a wild guess.  

Furthermore, regarding dependent variables, why was the effect of taking the test 

twice not detected for either previously tested multiple-choice items or non-tested short-

answer items?  In the case of the former, where participants would have seen all the 

answer options the first time, perhaps the familiarity of all the original distracters was too 

powerful.  Or, because OldMC represented the easiest items on the final test (M = 82%), 

there may have been a ceiling effect, just as their may have been a floor effect for 

NewSA items, which were the most difficult (M = 24%). 
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Multiple-choice vs. Short-answer 

The second major question this study sought to answer is whether taking a short-

answer test is better than a multiple-choice test.   

 

Tested Material 

For “old” items on the delayed test, in either multiple-choice or short-answer 

format, students who had taken the initial test in short-answer format outperformed those 

who had taken an initial multiple-choice test.  This effect, superceding the matching 

effect principle in this case, corroborates the evidence in the literature for the superiority 

of recall tests over recognition tests for longer-term retention (Kang, et al, 2008).  This 

finding does not support the transfer-appropriate processing explanation for the testing 

effect (e.g., Johnson & Mayer). 

 

Non-tested Material 

Taking an initial short-answer test was also beneficial for the delayed multiple-

choice test items over previously non-tested material (NewMC), but only for students 

took the initial test once individually.  The general finding that taking an initial short-

answer test can improve performance on later related, but non-tested items in a different 

format is one of the more interesting results of this study.  Previous studies searching for 

this retrieval-induced facilitation of associated learning outcomes have either found it in 

much shorter delays, or not found it at all (Chan, et al, 2006; McDaniel, et al, 2007; 

Roediger & Butler, 2010).   The only outcome measure on which short-answer tests did 

not result in higher learning was NewSA – short-answer questions over non-tested 

material.  Here again, with such low scores, there may have been a floor effect. 
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An interesting finding from this study is that students who took an initial short 

answer test only once scored roughly equivalent to those who took an initial multiple-

choice test twice on the delayed multiple-choice test of non-tested items.  Given the 

consistent finding throughout the literature that recall tests surpass recognition tests in 

their capacity to facilitate long-term retention and transfer, the present finding could have 

some important implications.  Receiving feedback has been shown to reduce that gap, as 

it may have done here, but this finding may be of interest to those teachers whose 

logistical constraints (e.g., time available for grading) incline them toward multiple-

choice tests.  On the other hand, giving students short-answer tests with feedback may 

save time in that it is just as effective as giving students multiple-choice tests twice with 

feedback on the second administration.  Finally, these results should be encouraging to 

educators implementing TBL, which relies on on-the-spot feedback during the RAP. This 

study acknowledges some merit in the “take it once, then again” approach for multiple-

choice tests.   

 

Individually vs. As a Team 

The third main question this study sought to answer is whether taking a test as a 

team is better than taking the test individually.  The results from this study suggest no 

differences between taking initial tests individually or in groups.  More specifically, 

however, the two previously discussed effects (twice is better than once, and short-

answer is better than multiple-choice) only appeared in the Individual condition.  Taking 

the test as a team, whether once or twice, or in short-answer or multiple-choice format, 

made no significant difference on individual scores on the delayed tests. One reason this 

finding was surprising was that the “twice as a team” condition not only processed the 
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items more than once, they did so via different contexts.  This should have qualified as 

one of those “factors that contribute to variability of encoding of to-be-remembered 

material” that should result in “knowledge that can be accessed with a variety of retrieval 

cues” (Butler, 2010, p. 1119).   Why would teams not have done better than individuals?  

The typical reasons given when collaborative testing is found to be worse might be 

applicable to why they didn’t do better in this study.  For example, if participants in the 

team condition experienced a collaborative encoding deficit, then one explanation for this 

lack of significance is that “jointly created cues are less effective for later recall than are 

self-generated cues” (Mäntylä & Nilsson, 1983; quoted in Rajaram, 2011).  Another 

explanation, based on more social factors, could be that the teams simply did not have 

time to develop.  In artificial lab settings like the one in this study, as opposed to the true 

Team-Based Learning classroom, the participants working together may not have 

benefited from the real power of the teams, which can only become available with time 

and more mileage working together on other projects (Sweet & Pelton-Sweet, 2008).  

There is another way to interpret the lack of significant difference, however.  If 

the previous interpretation saw the glass as half-empty, the following chooses to see it as 

half-full.  It may be worth noting that even though the team treatment did not improve 

later individual performance, neither did it impair it.   A more liberal interpretation might 

be that the effect of teams neutralizes the deficits inherent in the other conditions such 

that the noticeable gains of short-answer or twice-taken treatments are nullified (e.g., 

notice the flattened lines of the first panel of Figure 5 [Team tests] compared to the 

disordinal lines in the second panel [Individual tests], all at approximately the same 

percentage score).   In other words, an individual taking a short-answer test once would 

probably do just as well as the individual taking a multiple-choice test twice, and maybe 
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doing as well as both of them is the individual who works with a small group on either 

test version (see Figure 5).    

 

Summary of Findings  

The results of this study confirm that: 

1) taking a test twice can improve performance on a delayed test when it has old 

short-answer items or new multiple-choice items,  

2) taking a short-answer test can improve performance on a delayed test when it 

has either old multiple-choice, old short-answer, or new multiple-choice items, and  

3) taking a team test in any format may result in comparable performance to the 

otherwise advantageous conditions.  

Especially noteworthy is the finding that taking a multiple-choice test twice 

approximates the advantage of taking a short-answer test once.  Additionally, that the 

interaction for test format, exposure, and mode would occur for a previously untested 

dependent variable (NewMC) is remarkable given the mixed bag of theoretical 

argumentation and research findings to date (Chan et al, 2007).  “One of the oldest and 

greatest puzzles of all is the phenomenon of transfer” (Butler, 2010, p.).    How students 

perform on never-before seen test items relative to how they performed on previously 

tested items covering the same unit of instruction could be indicative of near transfer 

within the same knowledge domain. A few new items on a test would hardly count as far 

transfer, and certainly not across context or modality (Barnett & Cece, 2002), but this 

finding is further evidence for retrieval-induced facilitation. 
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CONTRIBUTIONS 

 This study contributes to the corpus of research on retrieval practice and test-

enhanced learning by analyzing differential effects of test characteristics on learning, 

some of which represent a substantial extant volume of knowledge while others represent 

far less established knowledge in the field.  Ascending this pyramid of uniqueness, this 

study has contributed to research on 1) test format (short-answer vs. multiple-choice), 2) 

more ecologically valid learning materials (simulated classroom lectures), 3) associated 

information (tested vs. non-tested items, and 4) team-based testing. 

 

LIMITATIONS 

Despite the contributions of this study, there were limitations.  One of the main 

limitations of this study is the discrepancy between the lab conditions and the true TBT 

environment.  Specifically, quiz questions for the RAP, even as multiple-choice items, 

are ideally formulated to test higher order knowledge and cognitive processes (e.g., 

analysis, application) in addition to factual and conceptual knowledge.  The test items 

used for this study represented at best the lower levels of Bloom’s Taxonomy (Anderson 

& Krathwohl, 2001). 

A more pronounced constraint on this study is the singularity of observation.  A 

hallmark of TBL is the use of permanent teams so as to allow them time to develop.  

Without that option in the experimental sessions, this study was limited to a stand-alone 

administration of a test to a random group of strangers in a brief setting.   

As to why the team factor did not emerge as significant, one possible explanation 

is the tendency of collaboration’s effects to take time.  Many of the arguments in support 

of collaborative testing focus on long-term benefits.  For example, over time, group 

learning can develop in its students those “real world” skills and attitudes of cooperation, 
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communication, and negotiation (Cranney, et al, 2008).  In addition to these social-

psychological developments, gradual philosophical shifts are possible as learners 

participate in collaborative classroom exercises that encounter knowledge as socially 

shared and epistemic justification and regulation available beyond the singular authority 

of the teacher  (Cockrell, Caplow, & Donaldson, 2000).  Cognitively as well, the benefits 

of working together on a learning task have been discovered to not appear until after a 

substantial delay (Basden, et al, 2000).  All of this is consistent with the Team-Based 

Learning philosophy of team development.   

 

IMPLICATIONS AND FUTURE DIRECTIONS 

Notwithstanding the aforementioned limitations, this study represents an 

important step in the validation of test-enhanced learning in general and Team-Based 

Testing in particular.  The findings from this study support the: 

1) Potential merit of the “take it twice” approach. The long-term effect of of 

taking a multiple-choice test twice is roughly equivalent to that of taking a short-answer 

test once.   

2) Retrieval-induced facilitation hypothesis.  Short-answer items, requiring deeper 

cognitive processing to answer, help learners recall old and new information.  Because 

this holds true for short-answer as well as multiple-choice delayed items, more than mere 

transfer-appropriate processing appears to be at work.   

3) Consideration of using teams. The effects of format and exposure were only 

present for individual test-takers, not teams.  However, the value here is not so much in 

what this says as much as what it does not say – namely that students taking these tests in 

teams are no worse off than if they had taken them individually. Of course, one should be 
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cautious when making an argument from silence  (or lack of significant effect, in this 

case).  But in an educational context in which the precious resource of class time is at a 

premium, confirming that an intervention at least does no harm is of value – especially 

when that practice has a) immediate secondary benefits, as well as b) the potential still for 

primary benefits to emerge. Secondary benefits of incorporating something like TBT into 

a classroom, especially to the degree that such a learning environment aspires to 

approximate a comprehensive Team-Based Learning model, include increased motivation 

to prepare for class, engage with peers, and take ownership of one’s learning, all while 

developing as a collaborative communicator.  Potential for emergent benefits exists for 

those conditions that stand to develop as a team over time.  The findings here represent a 

baseline by which it can be determined that even at the first treatment, engaging in this 

“take it twice as a team” routine keeps students at least on par with where they would 

have been otherwise.  Then, as teams have opportunity to develop over the course of the 

semester, perhaps intra-team social maturation will bolster the effects of small group 

learning. 

However possible this may be, further research is needed to understand more fully 

1) the role of group dynamics and team development in TBT and how social and 

cognitive aspects of collaborative testing interact to promote individual learning, 2) the 

role of type and timing of feedback in these different conditions of TBT, and 3) the role 

of question a) format, b) association with target material, and c) difficulty-level.   
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Appendix A: Consent Form and Study Introduction 

 
Informed Consent Form 
 
Title:   Testing and Learning                                                                            
IRB PROTOCOL #2010‐12‐0092    
Conducted By: Josh Walker  of The University of Texas at Austin:               
Dept. of Educational Psychology    
Telephone: 512 703 0189        

 
You are being asked to participate  in a  research  study.  This  form provides you 

with  information  about  the  study.   The  person  in  charge  of  this  research  will  also 
describe this study to you and answer all of your questions. Please read the information 
below  and  ask  any  questions  you might  have  before  deciding whether  or  not  to  take 
part.  Your  participation  is  entirely  voluntary.   You  can  refuse  to  participate  or  stop 
participating at any time without penalty or loss of benefits to which you are otherwise 
entitled.   You can  stop your participation at any time and your  refusal will not  impact 
current or future relationships with UT Austin or participating sites.  To do so simply tell 
the  researcher you wish  to  stop participation.   The  researcher will  provide you with a 
copy of this consent for your records.    

 
The  purpose  of  this  study  is  to  assess  the  effectiveness  of  tests  given  after  a 

lecture.   If  you  agree  to  be  in  this  study,  we will  ask  you  to  do  the  following  things: 
Attend a 75 minute session to watch a video  lecture, and take a written test over the 
material, then attend a 45 minute follow‐up session to take a final test over the material 
and  complete  additional  survey.      Total  estimated  time  to  participate  in  study  is  two 
hours.  

 
Risks of being in the study:  The risk associated with this study is no greater than 

everyday life.  This procedure does involve paying attention to a lesson and taking a test 
over the material, so you might feel a slight, yet natural, rise in anxiety that you might 
normally associate with academic assessments.   We  regard  this minimally heightened 
state  of  attention  positively  since we  are  dependent  on  your  best  effort  to  take  this 
exercise seriously.  However, we do not want anyone to feel stressed or overwhelmed 
by the perceived pressure.  You may request to stop the study at any point.  The PI will 
terminate your session, and you will be given instructions regarding your options for an 
alternate assignment. 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The video lecture is a lesson on the  life and work of impressionist artist Degas.  
One  painting  includes  figures  in  the  nude,  albeit  in  unfocused  detail.  The  proctor will 
issue a warning before and during  the video  so  participants  can choose  to avert  their 
eyes  during  that  section.   Those  who  look  away  will  not  be  disadvantaged  in  their 
performance on the tests over the material.     

 
Benefits  of  being  in  the  study:    Participants  may  benefit  by  learning  new 

information on the topic of  instruction. The lesson is an interesting introduction to the 
life  and work  of  impressionist  artist  Edgar  Degas.   Beyond  this  benefit  of  knowledge, 
there  are  no  anticipated  direct  benefits  to  the  participant.   The  study will  benefit  the 
field  of  Educational  Psychology  by  clarifying  the  relative  benefit  of  different  types  of 
testing.      

 
Compensation:  As  compensation,  participants  will  earn  credit  to  fulfill  the 

Educational  Psychology  Department  Subject  Pool  participation  requirement.  
Additionally,  participants will  have  two  chances  to win  $10 Amazon.com gift  cards  by 
achieving  the  highest  test  score  in  their  respective  condition  groups  at  each  of  the 
testing sessions.  You will be responsible for any taxes assessed on the compensation    

 
Confidentiality  and  Privacy  Protections:  You  will  be  asked  for  some  personal 

information and general demographic data.  This information will only be used for data 
tracking and general analysis,  in addition to assigning subject pool credit and notifying 
gift card winners.  At no time will your personally identifying information be linked with 
your responses in a way that someone besides the researchers would be able to know 
what  you  put  or  how  you  scored.    The  data  resulting  from  your  participation may  be 
made  available  to  other  researchers  in  the  future  for  research  purposes  not  detailed 
within this consent form. In these cases, the data will contain no identifying information 
that could associate you with it, or with your participation in any study.        

 
The  records  of  this  study  will  be  stored  securely  and  kept  confidential. 

 Pseudonymous  data  will  be  kept  a  password‐protected  computer  while  the 
identification  key  will  be  stored  separately  from  the  computer.   Authorized  persons 
from The University of Texas at Austin, members of the Institutional Review Board, and 
(study  sponsors,  if  any)  have  the  legal  right  to  review  your  research  records  and will 
protect  the  confidentiality  of  those  records  to  the  extent  permitted  by  law.   All 
publications will exclude any  information that will make it possible to identify you as a 
subject. Throughout the study, the researchers will notify you of new information that 
may become available and that might affect your decision to remain in the study.   

  
Contacts  and Questions:  If  you  have  any  questions  about  the  study  please  ask 

now.  If you have questions later, want additional information, or wish to withdraw your 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participation call  the researchers conducting the study.  Their names, phone numbers, 
and  e‐mail  addresses  are  at  the  top  of  this  page.       If  you  would  like  to  obtain 
information about the research study, have questions, concerns, complaints or wish to 
discuss  problems  about  a  research  study  with  someone  unaffiliated  with  the  study, 
please  contact  the  IRB  Office  at  (512)  471‐8871  or  Jody  Jensen,  Ph.D.,  Chair,  The 
University  of  Texas  at  Austin  Institutional  Review  Board  for  the  Protection  of  Human 
Subjects at (512) 232‐2685.  

 
Anonymity, if desired, will be protected to the extent possible. As an alternative 

method of contact, an email may be sent to orsc@uts.cc.utexas.edu or a letter sent to 
IRB  Administrator,  P.O.  Box  7426,  Mail  Code  A  3200,  Austin,  TX  78713.      You  may 
request a copy of this information to keep for your records.      

 
Statement  of  Consent:  I  have  read  the  above  information  and  have  sufficient 

information  to  make  a  decision  about  participating  in  this  study.   By  clicking  "Yes,  I 
agree," you are confirming your consent to participate in the study.     

 
o Yes, I agree (Please continue to the next page to read an introduction to 

the lesson) 
o No, I prefer not to continue at this time (please close out of this survey) 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Introduction to the Study 
 
The lecture you about to watch is part of The Great Courses series on Fine Arts 

and  Music  entitled  From  Monet  to  Van  Gogh:  A  History  of  Impressionism  (2002).  
Impressionism was an era within the history of art that, with the help of contemporary 
events, philosophies, and  ideas,  launched the birth of modernity and changed the way 
we  see  the  world. One  artist  more  than  any  other  represented  the  modern  urban 
condition as a psychological, as well as social,  condition.  Edgar Degas exhibited  in the 
Impressionist exhibitions throughout the 1870s, often in his own space, creating a body 
of work  in various mediums that define Parisian modernism through the  interaction of 
figures in their settings. 

 
This lesson is taught by Richard Brettell, Ph.D., Professor of Aesthetic Studies at 

The University of Texas at Dallas.  Dr. Brettell holds a B.A., M.A., and Ph.D. (1977) from 
Yale University.  An  independent art historian and museum consultant, he has curated 
Impressionist  exhibitions  in  Los  Angeles,  Chicago,  Dallas,  Philadelphia,  Washington, 
Boston,  London, Paris,  and Amsterdam.  Dr. Brettell has  formerly been Senior Advisor 
for  International  Art  at  the  National  Gallery  of  Australia,  McDermott  Director  of  the 
Dallas Museum of Art,  and Searle Curator of  European Painting at  the Art  Institute of 
Chicago,  where  he  was  curator  for  permanent  and  temporary  exhibitions.   He  is  the 
American  director  of  FRAME  (French  Regional  American  Museums  Exchange),  which 
links nine French and nine American regional museums in a consortium.  He has been a 
visiting professor at Harvard University, Yale University, and the University of Chicago.  
Dr.  Brettell's  fellowships  include  Visiting  Fellow,  Getty  Museum  (1985);  National 
Endowment  for  the Humanities Summer Fellow  (1980);  and Visiting Scholar,  the Clark 
Art  Institute  (1996‐2000).   He  has  published  numerous  books  and  catalogs,  including 
Modern Art ‐‐ 1851‐1929: Capitalism and Representation (Oxford University Press, 1999) 
and Impression: Painting Quickly in France, 1860‐1890 (Yale University Press, 2000).  He 
makes his home in Dallas. 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Appendix B:  Demographic Survey 

 
Prior to this lecture, how familiar were you with this topic? 
______ approximate percentage of material that you knew? 
 
How interested are you in the topic presented in this lecture? 

1. Very uninterested 
2. Uninterested 
3. Neutral 
4. Interested 
5. Very interested 

 
What is your current Class Year? 

1. Freshman 
2. Sophomore 
3. Junior 
4. Senior 
5. Graduate Student 

 
What is your age? 

1. Under 18 
2. 18 
3. 19 
4. 20 
5. 21 
6. 22 
7. 23 
8. 24 
9. 25 
10. Over 25 

 
What is your gender? 

1. Male 
2. Female 
3. Other 

 
What is your current or intended major? 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What is your email address? (Please note: an accurate email address is required for gift 
card redemption. Your email address will NOT be shared without your permission and 
will only be used for the purposes of this research study.) 
 
First & Last Name (Please note: this information will only be used by the researchers to 
track data.  Once data have been secured and analyzed, all personally identifying 
information will be disassociated from your responses, thus maintaining strict 
confidentiality and anonymity). 
 
What is your UT EID? (Please note: this information will only be used by the researchers 
to  track data.  Once data have been secured and analyzed, all personally identifying 
information will be disassociated from your responses, thus  maintaining strict 
confidentiality and anonymity). 
 
Please list the table group number posted on your desk: 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Appendix C:  Initial Short-answer Test 

 
Please answer the following questions by typing the correct answer or making your best 
guess  if  necessary.    In  this  section,  after  you  submit  your  answer  for  each  item,  the 
system will  show  you  the  correct  answer  in  green.     This will  be  your  only  chance  to 
review the item, so be sure to pay attention to the correct answer.  The important part 
of this  feedback  is  the correct answer more than whether the system recognizes your 
answer as  the  right one.   Your  test will be  scored by hand  later.   You will  receive one 
point for a correct answer, and zero points for an incorrect answer.    Answers that are 
essentially  the  same  as  the  key,  but  vary  in  minor  ways  (e.g.,  spelling,  etc.),  will  be 
counted as correct. You will receive half a point for partially correct answer. 
 
Q1 How is Degas' family described financially? 
 
Q2 Degas' family was originally from what city in France? 
 
Q4 Who took Degas to museums and dealers as a child? 
 
Q5 After studying at the academy, where did Degas go to train for 5 more years? 
 
Q7 How does the lecturer describe Degas' personality? 
 
Q8 As he never married and had several servants, many people said that Degas lived like 
a "___ ___" 
 
Q10 What did Degas do to bring money and new ideas into the Impressionist group? 
 
Q11 What issue did Degas feel strongly about that lead to fights within the Impressionist  
group? 
 
Q13 Degas began painting "Young Spartans Exercising" in 1860, when was it finished 
and exhibited? 
 
Q14 Degas' painting "Young Spartans Exercising" is an excellent example of how he liked 
to create art that _________. 
 
Q16 What was the overall project of Degas' career? 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Q17 Judging by the complete catalog of Degas' work, he can be described as one of the 
most _______ painters in the history of art. 
 
Q19 In Degas' 1870 painting "Madame Camus" what is the woman holding in her hand? 
 
Q20 The painting titled "Portrait of Diego Martelli" depicts one Degas' friends, what is 
his profession? 
 
Q22 What was the name of Degas' friend who was writing a book about a laundress at 
the same time as Degas was painting "A Woman Ironing"? 
 
Q23 Where did Degas sign his painting titled "The Woman Ironing" to make the 
connection between art and manual labor? 
 
Q25 The two scenes that Degas painted most were the ballet and the _______. 
 
Q26 What was the name of the performer that Degas depicts in his painting of the 
Cirque Fernando? 
 
Q28 What was Degas' sculpture titled "Little Dancer of Fourteen Years" mostly made 
from? 
 
Q29 What was people's reaction to Degas' sculpture titled "Little Dancer of Fourteen 
Years" when it was exhibited? 
 
 
This completes the initial session.  Before you leave, please stop by the proctor's desk to 
sign up for a time to return for the follow‐up session.  When those results are analyzed, 
you will be debriefed about the purpose and results of this study, and the winners of the 
gift cards will be announced.  Thank you for your participation today.   If you have any 
questions or concerns, please contact Josh Walker <josh.walker@mail.utexas.edu>. 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Appendix D:  Initial Multiple-choice test 

 
Please answer the following questions by selecting the correct answer or making your 
best guess if necessary.    In this section, after you submit your answer for each item, the 
system will  show  you  the  correct  answer  in  green.     This will  be  your  only  chance  to 
review the item, so be sure to pay attention to the correct answer.  The important part 
of this feedback is the correct answer.  You will receive one point for a correct answer, 
and zero points for an incorrect answer. 
 
Q1 How is Degas' family described financially? 

1. Wealthy  
2. Poor  
3. Comfortable  
4. Well off, but not rich  

 
Q2 Degas' family was originally from what city in France? 

1. Lyon   
2. Nice   
3. Marseille   
4. Strasbourg  

 
Q4 Who took Degas to museums and dealers as a child? 

1. His father  
2. His mother  
3. His uncle  
4. His tutor  

 
Q5 After studying at the academy, where did Degas go to train for 5 more years? 

1. Italy  
2. Spain  
3. England  
4. Germany  

 
Q7 How does the lecturer describe Degas' personality? 

1. Rebellious and eccentric  
2. Smart and quiet  
3. Generous, but reserved  
4. Dedicated and boisterous 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Q8 As he never married and had several servants, many people said that Degas lived like 
a "___ ___" 

1. Old Boy  
2. Kept man  
3. Spoiled brat  
4. Rich bachelor  

 
Q10 What did Degas do to bring money and new ideas into the Impressionist group? 

1. Introduced new artists  
2. Organized exhibitions  
3. Obtained government sponsorship  
4. Asked Edouard Manet for help  

 
Q11 What issue did Degas feel strongly about that lead to fights within the Impressionist 
group? 

1. That artists who exhibit with the Impressionists should not exhibit at the Salon  
2. That artists should be able to exhibit with the Impressionists and at the Salon  
3. That the Impressionists should paint only modern scenes  
4. That the Impressionists shouldn't paint modern scenes  

 
Q13 Degas began painting "Young Spartans Exercising" in 1860, when was it finished 
and exhibited? 

1. 1880  
2. 1860  
3. 1861  
4. 1870  

 
Q14 Degas' painting "Young Spartans Exercising" is an excellent example of how he liked 
to create art that _________. 

1. Raises questions  
2. Depicts scenes from antiquity  
3. Was visually pleasing  
4. Depicted outdoor scenes  

 
Q16 What was the overall project of Degas' career? 

1. A total portrait of his country  
2. To paint men at work  
3. To depict upper class women at leisure  
4. To record the interactions between men and women 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Q17 Judging by the complete catalog of Degas' work, he can be described as one of the 
most _______ painters in the history of art. 

1. Productive  
2. Simple  
3. Conflicted  
4. Misunderstood  

 
Q19 In Degas' 1870 painting "Madame Camus" what is the woman holding in her hand? 

1. A fan  
2. A book  
3. A pair of glasses  
4. A letter  

 
Q20 The painting titled "Portrait of Diego Martelli" depicts one Degas' friends, what is 
his profession? 

1. Art critic  
2. Opera singer  
3. Novelist  
4. Painter  

 
Q22 What was the name of Degas' friend who was writing a book about a laundress at 
the same time as Degas was painting "A Woman Ironing"? 

1. Emile Zola  
2. Paul Verlaine  
3. Arthur Rimbaud  
4. Charles Baudelaire  

 
Q23 Where did Degas sign his painting titled "The Woman Ironing" to make the 
connection between art and manual labor? 

1. In the center by her hands  
2. In the bottom right corner  
3. In the upper left corner by the tools  
4. On the woman's back  

 
Q25 The two scenes that Degas painted most were the ballet and the _______. 

1. The racecourse  
2. The beach  
3. Urban cityscapes  
4. The marketplace 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Q26 What was the name of the performer that Degas depicts in his painting of the 
Cirque Fernando? 

1. Miss Lala  
2. Madame Bijoux  
3. Miss Yanna  
4. Madame Cisse  

 
Q28 What was Degas' sculpture titled "Little Dancer of Fourteen Years" mostly made 
from? 

1. Waxes  
2. Clay  
3. Stone  
4. Wood  

 
Q29 What was people's reaction to Degas' sculpture titled "Little Dancer of Fourteen 
Years" when it was exhibited? 

1. Shock  
2. Respect  
3. Praise  
4. Interest  

 
This completes the initial session.  Before you leave, please stop by the proctor's desk to 
sign up for a time to return for the follow‐up session.  When those results are analyzed, 
you will be debriefed about the purpose and results of this study, and the winners of the 
gift cards will be announced.  Thank you for your participation today.   If you have any 
questions or concerns, please contact Josh Walker  <josh.walker@mail.utexas.edu>. 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Appendix E: Final Test 

 
Please enter your UT EID here: 
 
Please type in your first and last name. 
 
Please  type  in  your  email  address.   This  is  necessary  for  data  tracking  and  gift  card 
notification 
 
Please indicate how much time you spent studying the topic from this lecture since the 
time  of  the  initial  study  session,  either  intentionally  (e.g.,  you  looked  up  information 
online) or incidentally (e.g., you happened upon information that reinforced something 
you had learned). 
______ Approximately how many minutes? (1) 
 
If you marked anything more than zero above, please explain.  You will not be penalized, 
but I do need to know for analysis purposes. 
 
The  following  questions  are  a  mixture  of  short‐answer  and  multiple‐choice.   Please 
answer the following questions by selecting or typing in the answer, or making your best 
guess  if necessary.   The  system will  automatically  score your  response  so you can  see 
the right answer.  The system may not recognize your answer as correct if it is not in the 
exact right form (e.g., spelling, exact phrase, etc.), but don't worry about the score ‐‐ we 
will  correct  it  by  hand  later  and  you  will  receive  credit  and  partial  credit  where 
applicable.    
 
Q1 How is Degas' family described financially? 
 
Q2 Degas' family was originally from what city in France? 

1. Lyon   
2. Nice   
3. Marseille   
4. Strasbourg  

 
Q3 The family of Degas was heavily involved in what type of business? 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Q4 Who took Degas to museums and dealers as a child? 

1. His father  
2. His mother  
3. His uncle  
4. His tutor  

 
Q5 After studying at the academy, where did Degas go to train for 5 more years? 
 
Q6 Why did Degas obtain a license at the Louvre as a teenager? 

1. To copy paintings  
2. To attend the academy  
3. To submit paintings to the Salon  
4. To view masterpieces off exhibit  

 
Q7 How does the lecturer describe Degas' personality? 
 
Q8 As he never married and had several servants, many people said that Degas lived like 
a "___ ___" 

1. Old Boy  
2. Kept man  
3. Spoiled brat  
4. Rich bachelor  

 
Q9 Though he was Parisian and French, Degas can better be described as being part of 
what older culture? 
 
Q10 What did Degas do to bring money and new ideas into the Impressionist group? 

1. Introduced new artists  
2. Organized exhibitions  
3. Obtained government sponsorship  
4. Asked Edouard Manet for help  

 
 
Q11 What issue did Degas feel strongly about that lead to fights within the Impressionist 
group? 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Q12  Degas'  painting  "Young  Spartans  Exercising"  is  classical  in  style,  but  instead  of 
choosing a scene from Athens or mythology he depicts a ____ subject, making the work 
very modern. 

1. Low  
2. Human  
3. Real  
4. Emotional  

 
Q13  Degas  began  painting  "Young  Spartans  Exercising"  in  1860,  when was  it  finished 
and exhibited? 
 
Q14 Degas' painting "Young Spartans Exercising" is an excellent example of how he liked 
to create art that _________. 

1. Raises questions  
2. Depicts scenes from antiquity  
3. Was visually pleasing 
4. Depicted outdoor scenes  

 
Q15 Degas was very interested in contemporary issues, such as _________. 
 
Q16 What was the overall project of Degas' career? 

1. A total portrait of his country  
2. To paint men at work  
3. To depict upper class women at leisure  
4. To record the interactions between men and women  

 
Q17 Judging by the complete catalog of Degas' work, he can be described as one of the 
most _______ painters in the history of art. 
 
Q18 What is the alternative title of Degas' 1870 painting "Madame Camus"? 

1. "The Evening"  
2. "Woman Sitting"  
3. "Nightfall"  
4. "Widow Mourning"  

 
Q19 In Degas' 1870 painting "Madame Camus" what is the woman holding in her hand? 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Q20 The painting titled "Portrait of Diego Martelli" depicts one Degas'  friends, what  is 
his profession? 

1. Art critic  
2. Opera singer  
3. Novelist  
4. Painter  

 
Q21 The color chart on the wall  in Degas' "Portrait of Diego Martelli" demonstrates his 
interest in the connection between art and _______. 
 
Q22 What was the name of Degas' friend who was writing a book about a laundress at 
the same time as Degas was painting "A Woman Ironing"? 

1. Emile Zola  
2. Paul Verlaine  
3. Arthur Rimbaud  
4. Charles Baudelaire  

 
Q23  Where  did  Degas  sign  his  painting  titled  "The  Woman  Ironing"  to  make  the 
connection between art and manual labor? 
 
Q24 In his 1876 painting "The Absinthe Drinker" Degas plays with the viewer by omitting 
what? 

1. The legs of the tables  
2. The absinthe drink  
3. The woman's reflection in the mirror  
4. The left hand of the woman  

 
Q25 The two scenes that Degas painted most were the ballet and the _______. 
 
Q26 What  was  the  name  of  the  performer  that  Degas  depicts  in  his  painting  of  the 
Cirque Fernando? 

1. Miss Lala  
2. Madame Bijoux  
3. Miss Yanna  
4. Madame Cisse  

 
Q27 What  is  the  specialty  of  the  performer  that  Degas  depicts  in  his  painting  at  the 
Cirque Fernando? 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Q28 What was Degas'  sculpture  titled  "Little Dancer  of  Fourteen  Years" mostly made 
from? 

1. Waxes  
2. Clay  
3. Stone  
4. Wood  

 
Q29 What was  people's  reaction  to Degas'  sculpture  titled  "Little Dancer  of  Fourteen 
Years" when it was exhibited? 
 
Q30  In  addition  to  the  skillful  nature  of  his  compositions,  critics  hailed  Degas  for  his 
effective use of ______. 

1. Light  
2. Color  
3. Brushstroke  
4. Space  

 
You have reached the end of the final test for this study.  Please read the debrief form 
on  the  next  page  for  important  information  regarding  this  research  project,  including 
contact  information  in  case  you  have  any  questions  or  concerns.   When  you  have 
finished reading the debrief form, please exit from the browser.  If you do not have any 
questions for the proctor at that time, you are free to go.  Please leave quietly so as not 
to disturb those who may still be working.  Winners will be contacted once all data have 
been analyzed.   Thank you for your participation. 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Debriefing Form      
   
  In  the  informed  consent  document  you  agreed  to  before  the  study,  you were 
told:  “The  purpose  of  this  study  is  to  assess  the  effectiveness  of  tests  given  after  a 
lecture.”  The  real  purpose  of  this  study  is  to  compare  the  effectiveness  of  different 
types of tests on delayed measures of learning.  I was interested in evaluating a specific 
form of testing known as team‐based testing where students take a multiple‐choice test 
individually and then immediately take it again as a team.  To analyze this method, I am 
comparing  it  to short‐answer tests,  tests taken twice  individually, and tests only taken 
once either individually or as a team.        
 
  We  could  not  tell  you  the  real  purpose  of  the  study  in  case  knowing  what 
condition you were in would have changed your answers or how you acted.     Now that 
you have been told the real purpose of this study, I want to make sure I still have your 
permission  to  use  your  data.   Remember,  I  want  to  understand  how  people  act  in 
general. I will never draw any results about you personally.  If you do not want your data 
included, your refusal will not impact current or  future relationships with UT Austin.  It 
will  also  not affect any compensation you were  promised at  the  start of  the  study.   If 
you wish for your data not to be included in the data analysis, or would like to ask any 
follow‐up questions about this study, please send an email to the primary investigator: 
josh.walker@mail.utexas.edu, including your name and UTEID.      
 
  If you would like to talk about this study with someone not involved in the study, 
you  can  talk  to  the  IRB  Office  at  (512)  471‐8871  or  Jody  Jensen,  Ph.D.,  Chair,  The 
University  of  Texas  at  Austin  Institutional  Review  Board  for  the  Protection  of  Human 
Subjects  at  (512)  232‐2685.  If  you  ask,  we  will  protect  your  identity  to  the  extent 
possible.  You  can  also  send  an  email  to  orsc@uts.cc.utexas.edu  or  a  letter  to  IRB 
Administrator, P.O. Box 7426, Mail Code A 3200, Austin, TX 78713. 
 

 

 

 

 

 

 



 82 

Appendix F: Test Item Bank and Design Schematic 

 

Q Format Session      Fact 
1 SA I Degas was born to an extremely weathy old bourgeois family. 

2 MC I 
Degas' family was originally from the city of Lyon, located in 
Southeast France. 

3 SA F 
Degas' family was involved in the banking business both in France 
and Italy. 

4 MC I 
Degas' father, who loved art, often took Degas to museums and 
dealers as a boy. 

5 SA I 
After studying in the academy, Degas went to Italy for 5 more 
years of training. 

6 MC F 
As a teenager, Degas obtained a license from the Louvre in order to 
copy paintings made by the masters. 

7 SA I 
Degas was a bit rebellious and eccentric, he liked to get into 
arguments and provoke people. 

8 MC I 
Degas lived like an "old boy," he never married and had many 
servants that waited on him. 

9 SA F 
Though he was Parisian and French, Degas can better be described 
as being part of an older, European culture. 

10 MC I 
Degas introduced many young artists to the Impressionist group, 
bringing in money and new ideas. 

11 SA I 
Degas felt strongly that one should exhibit with the Impressionists 
or at the Salon, but not both; an opinon that led to fights. 

12 MC F 

Degas' painting "Young Spartans Exercising" is classical in style, but 
instead of choosing a scene from Athens or mythology he depicts a 
low subject, making the work very modern. 

13 SA I 
Degas' painting "Young Spartans Exercising" was started in 1860, 
but wasn't finished and exhibited until 1880. 

14 MC I 
Degas' painting "Young Spartans Exercising" is an excellent 
example of how he liked to create art that raised questions. 

15 SA F 
Degas was very interested in contemporary issues, such as class 
and gender identity. 

16 MC I 
The overall project of Degas' career was to create a total portrait of 
his country, depicting people from all walks of life. 

17 SA I 

Judging by the complete catalogue of his work, Degas was one of 
the most prolific painters in the history of art, creating thousands of 
works. 

18 MC F 
Degas' 1870 painting "Madame Camus" is alternatively known 
under the title "The Evening." 

19 SA I 
Degas' 1870 painting "Madame Camus" depicts a wealthy woman at 
home holding a fan in her hand. 

20 MC I 
The painting titled "Portrait of Diego Martelli" depicts one of Degas' 
friends who is an art critic. 

21 SA F 
The color chart on the wall in Degas' "Portrait of Diego Martelli" 
demonstates his interest in the connection between art and science. 

22 MC I 

Degas' painting "A Woman Ironing" was completed around the 
same time as his friend Emile Zola was writing a book about a 
laundress. 
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23 SA I 

To make a connection between art and manual labor, Degas signed 
the painting titled "The Woman Ironing" by the hands of the woman 
ironing. 

24 MC F 
In the 1876 painting "The Absinthe Drinker" Degas plays with the 
viewer by not painting any legs under the tables.  

25 SA I 
The two scenes that Degas painted most were the ballet and the 
racecourse. 

26 MC I 
In his painting at the Cirque Fernando, Degas depicts a performer 
named Miss Lala. 

27 SA F 
In his painting at the Cirque Fernando, Degas depicts a performer 
whose specialty is hanging by her teeth and spinning around. 

28 MC I 
Degas' sculpture titled "Little Dancer of Fourteen Years" was of a 
ballerina made from waxes and real hair. 

29 SA I 
When Degas' sculpture titled "Little Dancer of Fourteen Years" was 
exhibited it shocked people. 

30 MC F 
Degas was admired by critics for his skillful compositions and 
effects of light. 
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