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 The purpose of this study was to investigate whether students on permanent teams 

taking repeated Team-Based Tests (TBTs) can develop over time more accurate 

performance reputations in the eyes of their team-mates. The ability to estimate the 

expertise of one's self and one's team mates is important in team-based testing because it 

informs which position one may try to assume in team discussions as teams pursue 

consensus on test questions. Simply put, if I can increase my ability to assess my team-

mates' general mastery of the content, then over time I will be able to make more 

effective decisions about whom I should try to learn from and whom I should try to teach. 

To make this judgment about relative levels of mastery, students must appraise both their 

own levels of mastery as well as those of their team mates. 

 Team-Based Tests are part of an instructional strategy called Team-Based Learning 

(TBL) and this developmental effect is a pillar upon which TBL practitioners build their 

argument about the instructional value of the method. However, only indirect evidence 

has previously existed to support this claim: this study attempted to more directly 
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document the reputation formation effect by comparing individual and team mate 

performance estimates to actual levels of performance over time. 

 Participants in this study included 49 students in an undergraduate educational 

psychology class. Students in permanent teams taking repeated team-based tests 

developed increasingly accurate reputations within their teams, achieving statistical 

significance on the fourth team-based test. However, test difficulty played an important 

and potentially confounding role: the fifth and final team-based test was the most difficult 

of the semester, and on it reputation accuracy fell back to original levels. Individual 

metacognitive monitoring accuracy across tests did not improve over time and introverts' 

reputations were more accurate than extraverts' reputation on every test. Implications of 

these findings and directions for future research are discussed. 
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CHAPTER ONE: INTRODUCTION 

Small group learning has been in use at the postsecondary level for some time and its 

adoption continues (Boekarts & Minnaert, 2006; Johnson, Johnson & Smith, 2007; Millis 

& Cottell, 1998). As one of the many forms of small group learning, Team-Based 

Learning (TBL) was designed in and for the college classroom, and has become 

increasingly popular across many disciplines (e.g., Aarestad & Moewes, 2004; 

McInerney, 2003; Meeuwsen, 2002; Parmalee, et al, 2007; Trytten, 1999; Weeks, 2003). 

 The purpose of this study was to investigate the unique instructional effects claimed 

by TBL practitioners. Specifically, I explored whether TBL students become better able 

over time to recognize where expertise lies within their team, as is claimed in the primary 

source of TBL instructional methods (Michaelsen, Knight & Fink, 2004). TBL 

proponents claim it is immediate feedback following group work that stimulates this 

effect, as described somewhat differently in the following two quotes. First, in a 

discussion of the immediate feedback provided by Immediate Feedback-Assessment 

Technique (IF-AT) “scratch-off” forms, Michaelsen (1995) described the effect he has 

seen in charmingly pithy terms: 

[t]he IF-AT virtually eliminates the problem of one or two members dominating team 

discussions and is the single most powerful team-building tool we know of. "Pushy" 

members are only one scratch away from having to "eat crow" and quiet members are 

one scratch away from being validated and two scratches away from being told that 

they need to speak up. The impact of the IF-AT on student learning is dramatic, as 
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rooms often fill with cheers and high fives when correct answers are identified--and 

moans when answers are missed. (Michaelsen, 1995) 

Second, Fink depicted the effect in somewhat more formal terms, and went on to describe 

the long-term impact that this immediate feedback effect has upon teams: 

[w]hen there is a delay, even a day or two, between when the groups do their work 

and when the assessment comes back, the typical reaction is to “see what they got” 

and move on. By contrast, when the teams receive immediate feedback on individual 

and team performance, they instinctively and inevitably engage in an analysis of what 

went wrong when they still have a clear enough recollection of their experience to 

make the necessary corrections. . . Thus, in most cases, providing immediate 

feedback is all that is required to quickly and effectively improve the quality of their 

learning and performance. (Fink, 2004. pp. 15-16). 

Evidence is accumulating that academic performance is associated with 

metacognitive monitoring ability, as measured by “confidence calibration” accuracy (Bol 

& Hacker, 2001; Bol et al., 2005; Hacker et al., 2000; Lundeburg, Fox & Puncochar, 

1994; Sinkavich, 1995). “Accurately calibrated” students are those who indicate higher 

confidence in their knowledge of the material they understand (as measured by answering 

a test question correctly) and lower confidence in their knowledge of material they do not 

understand (as measured by answering test questions incorrectly). Therefore, 

documenting an increasing ability of TBL students to calibrate accurately to themselves 

and each other would argue that the system improves metacognitive monitoring abilities. 

Further, an increase in metacognitive monitoring accuracy found to be associated with 
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increased academic performance would help validate claims of TBL’s effectiveness to 

stimulate improved learning—claims that currently have only indirect or anecdotal 

support. Few studies have found metacognitive accuracy to increase reliably over time in 

the undergraduate classroom, but this effect is central to what TBL practitioners claim as 

one of the virtues of their system.  

Social-constructivist theory provides an ideal framework within which to conduct this 

research because claims made about how people perceive and communicate with each 

other are claims about discourse, which is a pillar of social-constructivist theory. The 

“intersubjective” nature of discourse as the negotiated social space in which knowledge is 

co-constructed (Forman, 1992; Wertsch, 1985) provides a theoretical context within 

which to ask questions about how zones of proximal development (ZPD) arise over time 

among TBL students.  

As defined by Vygotsky, the ZPD is the fertile area lying just beyond what one 

already knows, into which and through which one can grow with the help of a more-

knowledgeable other (Doolittle, 1997; Wertsch, 1985). In adult-child interaction, the role 

of the more- and less-knowledgeable participants is clearly understood. This is not the 

case in postsecondary collaborative learning groups, however. To come to consensus 

repeatedly on content-related decisions, TBL requires students who disagree to determine 

who among them actually is the “more knowledgeable other”—a determination that TBL 

proponents claim students become better at over time. To document this development and 

investigate whether it is associated with increased academic performance was the purpose 

of this study.  
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CHAPTER TWO: LITERATURE REVIEW 

 This review will begin with a brief discussion of social-constructivist theory and its 

relationship to the theoretical underpinnings of small group learning as an instructional 

strategy. The topic of small group learning will then lead into an exploration of group-

dynamics research on how groups generally develop over time. Having set the stage in 

theoretical and general terms, I will then tighten my focus and look at a few areas of 

research bearing more directly on the claim that TBL students become better able over 

time to gauge the content-mastery levels of themselves and their team mates. 

Specifically, these areas include research into (a) metacognitive monitoring, (b) advice-

taking in decision-making, (c) information sharing in groups, and (d) the role of 

extraversion in group decision making. I will conclude with a review of the practical 

features of TBL and the small body of research that currently exists to indirectly support 

the claims of its practitioners. Because of its special sequence of individual and group 

work with immediate feedback, TBL is a promising context in which to extend 

metacognitive monitoring research beyond self-regulation and into the newly-pioneered 

realm of co-regulation (e.g., Hadwin et al., 2006). 

 

Theoretical Backdrop 

Overview of Applicable Vygotskyan Theory 

 A review of social-constructivism is best begun with an introduction of Lev 

Vygotsky, a Soviet psychologist who wrote a great deal in the early 20th century before 

dying of tuberculosis in 1934. Vygotsky’s theories about psychological development are 
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central to social constructivism, but because he wrote in Russian, I am dependent upon 

translations and interpretations of his work, among the most prominent of which have 

been written by James Wertsch. Western scholars owe a great deal to the amount of work 

Wertsch has published on Vygotsky, not least of which is his book, Vygotsky and the 

Social Construction of Mind (1985). Wertsch traveled to Russia several times over nine 

years to work with Vygotsky’s surviving students in preparation to write the book and it 

is widely-cited by educational psychologists (e.g., Brown & Palincsar, 1989; O’Donnell 

& King, 1995). In the book, Wertsch concisely lays out the fundamentals of Vygotsky’s 

theories, drawing on other social constructivists to help flesh out those theories, and this 

book is the source of not-otherwise-cited statements about Vygotsky’s theory in this 

paper. To review the components of social-constructivism relevant to the present study, I 

will first set the scene by briefly discussing Vygotsky’s notion of “the social mind"; then 

in this context I will describe the conceptual features of sign-mediated discourse and the 

zone of proximal development. 

 Vygotsky believed that mental functions could be distinguished into “elementary” 

and “higher” categories, and Wertsch (1985) identified four criteria used by Vygotsky to 

distinguish between the two levels: voluntary regulation, metacognition, social/cultural 

features, and the use of signs. Vygotsky believed that elementary mental functions 

(learning abilities that humans share with animals) are individualized learning events 

(occurring “intra-psychologically”) but that higher mental functions arise initially as 

observed patterns in social discourse (“inter-psychologically”), which are recognized and 

internalized by individuals for later use in other settings. Anderson et al. (2001) argue 
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that they have found empirical evidence of this process. In an effect they dubbed the 

“snowball phenomenon,” these researchers observed that once a given argument 

strategem was used effectively by one child in a group, that strategem was then used with 

increasing frequency by other children in the same group. This effect was observed 

several times, with different argument strategems. 

 Argument with others is by nature a social event involving some kind of language, 

and this is where the notion of intersubjective discourse becomes useful. As Wertsch 

(1985) described it, intersubjectivity is the extent to which discourse participants share 

the same definitions in a communication situation. This intersubjective state, however, is 

not automatic: 

[w]hen interlocutors enter into a communicative context, they may have different 

perspectives or only a vague interpretation of what is taken for granted and what the 

utterances are intended to convey. Through semiotically mediated “negotiation,” 

however, they create a temporarily shared world, a state of intersubjectivity. (p.161) 

As we shall see below, decades of small group research testifies to the developmental 

nature of  intersubjectivity within a group across time. Important in the context of small 

group learning, however, is the instructional phenomenon that Vygotsky claimed 

intersubjective discourse can create: the zone of proximal development. 

 Though not originally a centerpiece of this theory, the zone of proximal development 

(ZPD) has become Vygotsky’s most famous construct (Hogan & Tudge, 1995). The ZPD 

is the fertile area for new learning that lies just beyond what an individual already knows, 

bounded on the lower end by what a student can learn on their own, and on the upper end 
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by what a student can learn with the assistance of a more-knowledgeable other. As 

Vygotsky describes it, “[i]nstruction is good only when it proceeds ahead of 

development. Then it awakens to life an entire set of functions which are in the stage of 

maturing, which lie in the zone of proximal development” (Vygotsky, 1934 as translated 

by Wertsch, 1985. Italics in original). 

 Doolittle’s excellent (1996) graph visually depicts the relationship between prior-

knowledge, instructional scaffolding, and the ZPD in relation to a specific task to be 

learned: 
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Figure 1: 
Vygotsky’s Zone of Proximal Development 

(Doolittle, 1996, p.35) 
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 The ZPD is a useful concept, not only for its explanatory power, but also for the 

warnings it raises about the importance to instruction of a more-knowledgeable other. 

Hogan and Tudge (1995) cite many studies in which collaboration among classroom 

peers has not improved problem-solving skills, and point to a significant number of 

studies finding collaboration to actually be detrimental—the ‘blind leading the blind’ into 

educational regression.  

 Fortunately, meta-analyses of small group learning research counter this warning 

with impressive conclusions about the overall benefits of small group learning processes. 

These benefits include measured increases in: effort to achieve, positive relationships and 

social support, psychological health and self-esteem, positive attitudes toward the college 

experience, and even civic values  (Johnson & Johnson, 2000; Johnson & Johnson, 

1998). Against this backdrop of what research has shown small group learning can 

achieve, in the next section I will consider how its proponents claim it achieves those 

results by continuing my discussion of Vygotskyan theory in relation to the theory 

frequently used to explain the success of small group learning: social interdependence 

theory.  

 

The theoretical underpinnings of small group learning 

 Research into small group learning practices at the college level is voluminous and 

continues to proliferate (Boekarts & Minnaert, 2006; Johnson & Johnson, 2000; Johnson 

et al., 2007). In this section, I will explore the theory most frequently used to explain 

what makes small group learning “work”—social interdependence theory—and the five 
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elements of cooperation that theory has generated. Drawing on Doolittle (1997), I will 

link each of these five elements of cooperation into Vygotskyan social-constructivism 

and especially the zone of proximal development.  

 Before moving into this section, however, a brief word about nomenclature is in 

order. Even a cursory glance at the small group learning literature is likely to baffle the 

newcomer: “cooperative learning” and “collaborative learning” are both phrases with 

considerable usage histories, and have been recently joined by “peer learning” and the 

umbrella term “small group learning.”  Some scholars distinguish between these terms in 

various ways, and others do not. Resta and Laferriere (2007) briefly distinguished how 

some describe “cooperative” and “collaborative” learning practices as differing in 

structure—cooperative learning tends to use structured, segmented tasks while 

collaborative learning tends to be less structured and require consensus—and Smith 

(2001) noted that cooperative learning can be said to have originated in the sciences and 

collaborative learning in the humanities. However, even Smith admitted to now using the 

two terms interchangeably. Therefore, to avoid the fray and for the sake of expedience, 

here I refer to all of these practices by the umbrella term of “small group learning.” 

 Across decades of research, small group learning scholars David Johnson, Roger 

Johnson, and Karl Smith have refined social interdependence theory to identify what is 

necessary for a successful classroom implementation of small group learning. Their 

theorizing has appeared recently in their commentary on the state of cooperative learning 

in higher education (2007), where they traced the development of social interdependence 

theory from the early 1900’s to its current state today. In so doing, they defined “social 
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interdependence” as a situation in which the goal-directed outcomes for one person are 

influence by the goal-directed actions of others. “Positive interdependence” occurs when 

one person can only reach his or her goals when others also do (cooperation), and 

“Negative interdependence” occurs when one person can only reach his or her goals 

when others do not (competition). Social interdependence theory maintains that the 

motivational circumstances created by positive interdependence enable several 

psychological processes to occur: substitutability, a state in which one person’s actions 

can substitute for another’s; inducibility, a state of being open to influence by another; 

and positive cathexis, the investment of positive psychological energy into things outside 

one’s self. The authors summarized by writing that “[t]he basic premise of social 

interdependence theory is that the way in which interdependence is structured determines 

how individuals interact and the interaction pattern determines the outcomes of the 

situation” (Johnson et al., 2007, p. 17). Building on this premise, these scholars have 

identified five basic elements of cooperation, each of which Doolittle (1997) maintains 

has its own relation to and implications for Vygotsky’s notion of the zone of proximal 

development.  

 Johnson et al.’s (2007) first element of cooperation is positive interdependence, as 

defined above. Doolittle (1997) describes this concept as fundamental to Vygotskyan 

theory and the case is not hard to make: if higher mental functions are only born in social 

situations, then we are all dependent upon one another to help co-construct the zones of 

proximal development in which they can arise. While it is true that one can learn from a 

competitor (negative interdependence), successful classroom instruction is dependent 
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upon the learners meeting their learning goals via the teachers meeting their teaching 

goals. In this way, the goals of teacher and student—even when they are peers—are 

aligned in positive interdependence. 

As defined by Johnson et al. (2007), the second element of cooperation is promotive 

interaction, which refers to interaction in which participants assist each other’s goal-

directed pursuits by providing each other with resources, feedback, and other kinds of 

support. Doolittle (1997) argued that promotive interaction is where students are given 

the opportunity to negotiate and internalize conceptual tools in the process of 

enculturation. Though Doolittle did not directly use Wertsch’s language of 

“intersubjective discourse,” the inter-subjectivity of students assisting each other towards 

their subjective goals using communication and interaction here makes the role of 

discourse clear. 

The third element of cooperation is individual accountability. This is not as 

theoretically fundamental to Vygotskyan theory, but the zone of proximal development 

can still be used to illuminate its importance. Doolittle (1997) cited Johnson, Johnson, 

Holubec and Roy’s (1984, p. 8) vision for the purpose of instruction to make this link: 

“The purpose of a learning situation is to maximize the achievement of each individual 

student. Determining the level of mastery of each student is important so students can 

provide appropriate support and assistance to one another.”  Individual accountability 

motivates students to move themselves forward into their zones of proximal development 

and feedback from this individual effort helps students determine the boundaries of the 

ZPDs among them. In cooperative learning, if we are not all moving our individual zones 
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of proximal development forward, then not all of us are learning and we are certainly not 

doing it cooperatively. 

 The fourth element of cooperation is the appropriate use of social skills. What is 

considered culturally “appropriate” is, of course, a contextually-bound and negotiated 

matter—an earthy joke shared between colleagues might be celebrated in a private office, 

but condemned in the public space on the other side of the office door. The knowledge 

required to evaluate a social situation and direct one’s behavior accordingly is a set of 

tools unique to a culture and Doolittle cited Vygotsky’s (1978) emphasis on the 

importance of these tools: 

Signs and words serve children first and foremost as a means of social contact with 

other people. . . . The specifically human capacity for language enables children to 

provide for auxiliary tools in the solution of difficult tasks, to overcome impulsive 

action, to plan a solution to a problem prior to its execution, and to master their own 

behavior. (p. 28) 

 The fifth and final component of cooperation according to Johnson et al. (2007) is 

group processing by which they mean occasional reflections by group members upon 

what is working, what is not, and what changes are in order. Doolittle (1997) linked this 

notion to the zone of proximal development by emphasizing the mobile nature of the 

ZPD: as group members learn over time, the lower and upper-bounds of their ZPDs are 

constantly re-drawn. Only the metacognitive act of reflecting on the state of members’ 

current knowledge—and what has helped or hindered them from acquiring it—can keep 

team members in sync with one another’s learning needs. This constant evolution of 
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intra- and inter-psychological relations within a group provides a theoretical rationale for 

the central claim made by TBL practitioners: that TBL groups develop over time, which 

we explore next. 

 

The Developmental Nature of Claims Made by TBL Practitioners 

 Most of the research on small group learning has been done in K-12 settings 

(Johnson & Johnson, 2000). By contrast, the field of group dynamics, which has focused 

almost exclusively on adults, has much to offer any exploration of small group learning 

in postsecondary settings. A well-documented finding across decades of group dynamics 

research (e.g., Bennis & Shepard, 1956; Gersick & Hackman, 1990; Poole, 1981; 

Tuckman, 1965, 1977; Wheelan, 2004) is “group development” which refers to the 

evolution of interaction among team members through stages over time. This 

developmental process results in members of mature groups interacting very differently 

from members of new groups. In this section, I will describe Wheelan’s (2004) 

integrative group development model, as well as some specific vectors of group 

development as reviewed by Birmingham and McCord (2004), and then how Bandura’s 

notions of perceived individual and collective efficacy can inform findings related to 

group development in an educational setting. The section will conclude with a review of 

the few empirical investigations of group development in the college classroom. 
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Group development over time 

 Wheelan’s integrative group development model has been empirically validated  

(Wheelan & Hochberger, 1996), and in its first stage, new groups begin relationships in a 

state of dependency and inclusion, marked by high anxiety, uncertainty, and politeness. 

The second stage is counterdependancy and fight, when social structure is still forming 

and different perspectives can collide. Importantly, the task of negotiating social clarity 

can require much of the group’s energy, leaving relatively fewer resources available for 

group tasks. At stage three, trust and structure, the group has developed a "more mature 

negotiation process about group goals, organizational structure, procedures, roles, and 

division of labor" (Wheelan, 2004, p. 18). The group becomes an increasingly known 

social “place” and information flow increases. In stage four, called work, group members 

are more comfortable with each other and familiar with how to access the different 

resources each member brings to the group. In the final stage of termination, awareness 

of the impending loss of group stability can create anxiety and even conflict. Consciously 

recognizing and managing these effects can set members up for successful experiences in 

subsequent groups, but Wheelan noted that this does not happen as often as it should.  

Beyond the general phase model of development, many group dynamics scholars 

have looked at more specific ways in which members of mature groups interact 

differently from newly-formed groups. In their review of the group dynamics literature, 

Birmingham and McCord (2004) drew several lines along which new groups differ from 

long-term, developed groups.These authors reported that the first dimensions along which 

new groups differ from long-term groups is that members of new groups tend to have a 
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lower sense of trust in and attraction to the group. Second, members of new groups tend 

to exhibit little identification with the group or its goals and are motivated primarily by 

self-interest whereas members of long-term groups exhibit high levels of identification 

with the group and its goals, and are mutually supportive. Third, members of new groups 

tend to base their perceptions of the abilities and skills of others on stereotypes, whereas 

members of long-term groups have a higher level of awareness of the actual skills and 

abilities of their team mates. Fourth, communication in new groups tends to be more 

socially-focused,  with decision-behavior depending heavily on the group's "best" 

member, whereas communication in long-term groups tends to be task-focused, with 

input from all members. Fifth, members in new groups tend to focus on areas of 

agreement, whereas members of long-term groups exhibit a higher willingness to 

disagree and make attempts to resolve differences. Sixth, members of new groups tend to 

resolve conflict via strategies that save face (such as voting or compromise), whereas 

long-term groups tend to have more open discussions in pursuit of consensus. Finally, 

new groups tend to be inherently less able to complete difficult intellectual tasks whereas 

developed groups are better able to put their combined resources to use, giving them a 

greater ability to complete difficult tasks. 

Team-Based Learning practitioners claim that TBL stimulates students to more 

accurately perceive what capacities lie within themselves and their team mates. The 

perception of one’s own ability to affect a desired outcome has been called perceived 

self-efficacy and is a construct with respectable history in educational research.  Bandura 

(1997) defined perceived self-efficacy as "the beliefs in one's capabilities to organize and 
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execute the courses of action required to produce given attainments" (p. 3). Because the 

construct revolves around "attainments" (goals), it includes motivational elements: 

"unless people believe they can produce desired effects by their actions, they have little 

incentive to act" (pp. 2-3). In the classroom, perceived self-efficacy has been shown to be 

among the strongest contributors to academic success (Zimmerman, 2000). Furthermore, 

Slavin's (1996) emphasis on the primacy of motivational factors in small group learning 

certainly argues for the merit of perceived self-efficacy as a construct of interest to small 

group learning researchers.   

As the group-level counterpart to perceived self-efficacy, the construct of 

perceived collective-efficacy describes a group's perception of its capacity to accomplish 

some collective goal. Bandura (1997) took care to emphasize that perceived collective-

efficacy, however, is "not a disembodied group mind. . . . that operates independently of 

the beliefs and actions of the individuals who make up the social system" (p. 76) but is 

instead a belief, held by individual group members, in the group's ability to achieve a 

collective goal. In the same volume, Bandura (1997) noted the mutual influence between 

perceived self-efficacy and perceived collective-efficacy: "high perceived efficacy is vital 

for successful functioning regardless of whether it is achieved individually or by group 

members working together. A collective system with members plagued by self-doubts 

about their ability to perform their roles will achieve little" (p. 77). The emergent nature 

of perceived collective-efficacy can make it tricky to measure, but empirical studies have 

tackled this challenge and shown perceived collective-efficacy as a critical factor in 
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group effectiveness (e.g., Prussia & Kinicki, 1996; Baker & Campbell, 2005; Hodges & 

Caron, 1992).   

Wheelan’s integrative group development model and the developmental findings 

reported by Birmingham and McCord (2004) would appear to support the claim that 

perceived collective-efficacy is both real and emergent. As group members accumulate 

experience with each other and feedback from the environment, they become better able 

to estimate their own capacity to perform necessary tasks and fill certain roles within the 

group. Roles then stabilize and perceived collective-efficacy emerges, leading to a greater 

motivation to achieve group goals and a greater ability to complete difficult intellectual 

tasks as a group. While these connections do make a tidy argument, the process 

unfortunately does not progress in the classroom as far as most teachers would probably 

prefer, as we shall see next.  

 

Group development findings in postsecondary learning groups 

Given the decades of research showing that groups do develop over time (e.g., 

Bennis & Shepard, 1956; Gersick & Hackman, 1990; McGrath, 1991; Tuckman, 1965, 

1977; Wheelan, 2004; Worchel, 1994, etc.), the developmental claims made by TBL 

practitioners do not seem extraordinary. However, studies that have mapped post-

secondary group development onto a stage model unfortunately show that fewer groups 

achieve the optimum condition of work than one might like. In a quantitative study using 

repeated questionnaires, Wheelan and Lisk (2000) investigated college student cohorts in 

an accelerated degree completion program and found that higher GPAs correlated 
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positively with increased group development (as measured by a Group Development 

Questionnaire, or GDQ). A year after pre-test, 10 of the 19 original groups had achieved 

trust and structure, and 6 had achieved a stable condition of work. In a follow-up study 

also using the GDQ, Lisk (2003) found that learning groups in a college level business 

course also progressed through these phases over the course of a semester. Again, group 

development positively correlated with individual performance, but in this study only 19 

of the 37 groups reached the work stage of development. Because these studies show that 

group members' achievement is positively correlated with group development, they make 

clear the importance of a small group learning strategy that facilitates group development 

as effectively and efficiently as possible. It is, after all, safe to assume that any teacher 

would want considerably more than half of their groups to achieve a working stage of 

group development. Furthermore, as we shall see in our discussion of confidence 

calibration below, research into the ability of individuals and groups to develop 

metacognitively over time has produced mixed results. 

 

Considering One’s Own Expertise: Metacognitive Monitoring Research 

 The ability to gauge one’s own abilities and predict one’s own performance with 

perfect accuracy would eliminate many nasty surprises in life. As a result of this 

universal appeal, efforts have been made to measure and improve forecasting accuracy 

across disciplines. Early forecasting accuracy work was published in meteorology 

journals (e.g., Murphy, 1973), and recently some scholars have even pitted finance 

economists against meteorologists in forecasting ability (Tyszka & Zylona, 2002). In 
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educational psychology, performance forecasting is used to measure metacognitive 

monitoring: the ability to judge one’s own understanding of course material and thereby 

predict one’s performance on an assessment of that understanding. This ability to self-

assess is at the heart of self-regulated learning, which has been a topic of great interest to 

the field for some time (Wiley, Griffin & Theide, 2005). The intimate connection 

between metacognitive monitoring and self-regulated learning makes intuitive sense: if I 

am a good judge of my own comprehension of something, then I will know when I have 

studied it enough, and when I need to keep studying more (or differently). 

 A typical classroom-based metacognitive monitoring experiment involves a student 

reporting his or her confidence in their ability to correctly answer a test question or series 

of questions, followed by various calculations of the difference between that expressed 

confidence and the student’s actual performance. Recent classroom-based metacognitive 

monitoring work relevant to this study has been published by Bol and Hacker and their 

colleagues (Bol & Hacker, 2001; Bol, Hacker, O’Shea & Allen, 2005; Hacker, Bol, 

Horgan & Rakow, 2000), Maki & Serra (1992), Nietfeld, Cao & Osborne (2005), 

Puncochar & Fox (2004) and Sinkavich (1995). Importantly, several of these studies took 

care to emphasize the important role of “ecological validity” in findings obtained in the 

classroom versus those obtained in the laboratory, a concern supported by Kulik and 

Kulik’s (1988) findings that feedback’s learning effects differ between the two settings. 

For this reason, my review here focuses primarily on classroom-based research, drawing 

only occasionally on laboratory findings. 
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 In this section, I will focus on how these studies have been carried out and what they 

have found. Instead of discussing the articles in chronological order, I will organize my 

discussion around methodological differences and the findings they have generated. 

Specifically, I will review some different ways that confidence has been measured and 

analyzed (e.g., confidence “calibration” versus “resolution,” prediction versus 

postdiction, global versus local estimates), and summarize what effects have been found 

to develop longitudinally across a semester in postsecondary classroom research.  

 First, student confidence in the correctness of their test answers has been measured 

using instruments with varying levels of preciseness. For example, at a roughly-ordinal 

level of measurement, Sinkavich (1995) asked undergraduate educational psychology 

students to rate their confidence levels on each multiple-choice exam question using a 

five-point Likert scale (with -2 as “not correct,” 0 as “maybe correct; maybe incorrect,” 

and +2 as “correct”). 

 Several studies (e.g., Puncochar & Fox, 2004; Schraw & Roedel, 1994; Nietfeld et 

al., 2005) have asked students to rate their confidence levels on each multiple-choice 

exam question using a line following each question that represents a scale from 0% 

accurate to 100% accurate. In these studies, students were asked to put a slash through 

the line indicating their level of confidence in their answer to each questions. In many 

studies, this line is exactly 100mm long, making quantifications of student marks simply 

a matter of measurement with a ruler.  

 Once these data are collected, confidence accuracy is calculated in terms of 

calibration and resolution. Confidence calibration is a more global calculation, comparing 
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mean confidence to mean performance. There are slight differences in how these 

numbers are used to analyze accuracy: for Schneider (1995) “calibration of judgments is 

measured by breaking each set of confidence judgments into categories of events 

assigned the same subjective probability. . . . Perfect calibration occurs, for example, 

when events assigned a confidence of 60% occur 60% of the time” (p. 148). Other 

researchers simply compare mean confidence to mean performance at either the whole-

test (“global”) level (Bol et al., 2005; Bol & Hacker, 2001; Hacker et al., 2000; Nietfeld 

et al., 2005) or the item-by-item (“local”) level (Nietfeld et al., 2005; Puncochar & Fox, 

2004). 

 In contrast to confidence calibration, confidence resolution conditionalizes accuracy 

measures by separating them into two categories: the accuracy of students’ confidence in 

answers which turned out to be correct as opposed to the accuracy of their confidence in 

answers which turned out to be incorrect. Relevant examples of recent educational 

psychology literature that investigate confidence resolution are Petrusic and Baranski 

(1997), Puncochar and Fox (2004), and Sinkavich (1995). 

 Some confidence accuracy findings have been repeated enough to be considered 

stable, while others are still mixed. Many studies reported here measured both prediction 

accuracy (confidence rated before seeing test items) and postdiction accuracy (confidence 

rated after answering test items). Lin and Zabrucky (1998) equated prediction with 

monitoring of comprehension, and postdiction with monitoring of performance and 

described prediction and postdiction as two completely different research paradigms. In 

their review of the literature, these authors concluded that in laboratory reading-
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comprehension experiments, subjects tend to be much better at postdicting than 

predicting their performance (p. 373). These laboratory findings are corroborated by 

Hacker, et al.’s (2000) classroom-based research.  

 In the classroom, good students are better at gauging their own performance than 

poor students, and where bias occurs, good students are underconfident and poor students 

are overconfident  (Bol & Hacker, 2001; Bol et al., 2005; Hacker et al, 2000; Lundeburg, 

Fox & Puncochar, 1994; Sinkavich, 1995). Furthermore, Hacker et al., (2000) found that 

better students improved their monitoring accuracy over time, and Nietfeld et al. (2005) 

found good students to be better than poor students at postdicting their performance 

locally (item-by-item) whereas global (whole-test) predictions did not vary significantly 

between the two groups in their study. Combined, these findings suggest that good 

students may have not only greater metacognitive awareness than poor students, but are 

also more skilled at discriminating specifically where their strengths and weaknesses lie. 

 Under what conditions students can improve their metacognitive monitoring abilities 

over time is more of an open question. As mentioned above, Hacker et al. (2000) found 

that their better students improved their prediction accuracy across the semester, whereas 

postdiction accuracy remained flat across time for most students (though still better than 

prediction accuracy). Similarly, Nietfeld et al. (2005) found no significant postdiction 

improvement trend over the course of the semester, and neither did Puncochar and Fox 

(2004), even when they tried a metacognitive intervention. Bol et al. (2005) found a 

significant within-subjects improvement over time for prediction accuracy, but it was 

curvilinear: improving for a while and then degrading (albeit not entirely back to initial 
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levels). Though all of these studies took place using similar subjects in a similar setting 

(undergraduate education or educational psychology classrooms) it is fair to say that 

findings regarding the development of metacognitive monitoring accuracy over time are 

so far inconclusive.  

 Two additional set of confidence calibration findings are relevant here: the effects of 

feedback upon calibration accuracy, and what we know about calibration at the individual 

versus group level. In terms of accuracy, all of the examples of classroom research 

mentioned above (Bol et al., 2005; Bol & Hacker, 2001; Hacker et al., 2000; Nietfeld et 

al., 2005; Punchocar & Fox, 2004) involved feedback, but of the nature common to most 

postsecondary classroom situations. Puncochar and Fox (2004) gave students whole-

class, lecture-style feedback once all tests were turned in, but this feedback was of course 

not item-by-item (wherein students get feedback on one question before attempting to 

answer the next) and several weeks passed between tests. In the other studies specifically 

mentioning feedback delay, students received their exams back a week later. Since this is 

a common amount of classroom exam turn-around time, I presume that classroom studies 

not mentioning feedback delay also fall into this normative range. Puncochar and Fox 

(2004) cited Surber and Anderson’s (1975) finding that student performance improved 

with such a feedback delay, but this runs counter to the weight of other evidence. Kulik 

and Kulik’s (1988) meta-analysis found that delayed feedback was more effective at 

improving performance in laboratory research, but immediate feedback was more 

effective at improving performance in the classroom. These findings are supported by 
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Dihoff, Brosvic, Epstein and Cook’s more recent (2004) classroom-based immediate-

feedback research. 

 So what do we know about the impact of feedback upon confidence calibration 

accuracy in general?  In their review, Lin and Zabrucky (1998) cited  several laboratory 

studies that found that “self-generated” feedback does improve confidence calibration 

(Glenberg & Epstein, 1985; Glenberg, Sanocki, Epstein & Morris, 1987; Walcyk & Hall, 

1989). An example of self-generated feedback is a practice question in the margin of a 

reading comprehension test with no answer provided. In surprising contrast, accurate, 

experimenter-provided feedback on practice tests has not improved students’ confidence 

calibration abilities (Maki & Berry, 1984; Maki & Serra, 1992; Schraw, Potenza & 

Nebelsick-Gullet, 1993). In fact, in one laboratory study (Maki & Serra, 1992), 

experimenter-provided feedback on practice tests actually reduced confidence calibration 

on later test questions. The researchers in this case attribute this effect to a lack of 

reliability between the pre- and post-test questions. No postsecondary classroom-based 

research has examined the effects of immediate (question-by-question) feedback on 

confidence calibration accuracy. Presumably, this is a result of the logistical difficulties 

involved in providing immediate feedback in the classroom setting—for the most part, 

grading takes time. 

 Germane to any study on confidence calibration in small group learning is the fact 

that published confidence calibration research has almost categorically used individual 

students as the unit of analysis. A recent exception is Puncochar and Fox’s (2004) 

classroom research in which students first took tests as individuals, and then took the 
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same tests as a team, deciding both group answers and group confidence levels via 

consensus. In terms of confidence calibration, these scholars found that individual and 

group postdiction accuracy remained stable, even with confidence-calibration feedback 

and a lecture on metamemory given in the middle of the semester in an attempted 

intervention. This stability argues against the existence of a development effect in 

confidence calibration in classroom research. However, in terms of confidence resolution, 

a developmental effect was detected, but it was in the opposite direction one would 

hope—the authors labeled this a “two heads are worse than one” effect (p.582). 

Specifically, they found that over time, levels of group-confidence-when-wrong 

increased and eventually surpassed levels of individual-confidence-when-right. This is a 

somewhat shocking finding, though as we shall see below, it roughly parallels what 

“hidden profile” research has to tell us about how poorly groups capitalize on the 

knowledge of their members to make decisions. 

 To summarize, current research into feedback’s effect upon confidence calibration 

consists of two general sets of findings. First, laboratory research tells us that immediate, 

experimenter-provided pre-test feedback does not improve (and can actually damage) 

post-test confidence calibration judgments. Second, classroom research tells us that 

delayed, teacher-provided feedback sometimes improves confidence calibration, but more 

often does not. The differences between these findings support the distinction that—in 

terms of performance—immediate feedback is best in the classroom and delayed 

feedback is best in the laboratory.  
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 So far, I have reviewed the theoretical underpinnings of small group learning, and 

considered how individual students can judge their own potential to contribute to a 

learning group—how well they “know what they know” as individuals. In the following 

section, I will explore how people weigh the advice received from others, as well as how 

well groups in general can be expected to extract from their members the information 

necessary to make good collective decisions. In Vygotskyan terms, these processes 

describe the effectiveness of the discourse mechanisms that group members co-create in 

pursuit of intersubjectivity. In the research literature these topics are referred to as 

“advice-taking in decision making” and “information-sharing in groups.”  After 

reviewing relevant findings from each of these areas, I will conclude with a consideration 

of how social influences and extraversion further nuance research into decision-making at 

the group-level. 

 

Considering the Expertise of Others: Advice-Taking in Decision Making 

 As reviewed by Bonaccio and Dalal (2006), advice-taking research is of growing 

interest in the organizational behavior research literature. These authors described well a 

“prototypical” study in this line of research that involves what is called a Judge-Advisor-

System (JAS). In a JAS experiment, a participant will be asked to make an estimate or 

prediction of something, and then receive advice of varying quality from one or more 

“advisors,” before being asked to make a final decision. Advisors are sometimes other 

subjects, sometimes confederates, sometimes even completely fictitious and pre-

programmed to give advice of a certain kind. After participants make their final decision, 
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they are frequently asked to repeat the exercise and make several decisions across many 

rounds, sometimes with feedback about their performance and sometimes not. Three 

particular findings generated by JAS research are relevant here: egocentric discounting, 

reputation formation, and the role of expressed confidence in an advisor's ultimate 

influence upon the judge’s decision. 

 The most stable finding of JAS research is the phenomenon of “egocentric 

discounting” (e.g., Yaniv & Kleinberger, 2000), which simply means that judges do not 

weight advisors’ input as heavily as they should. Though advice does help judgment 

accuracy, subjects tend to overweigh their own opinions in relation to those expressed by 

the advisors (Yaniv, 2004). The rationale that Yaniv and Kleinberger speculated is behind 

this phenomenon is worth quoting directly here, as I return to its importance below. 

These authors suggest that 

these discounting phenomena result from the nature of the support the judge can 

recruit for her own opinion versus the advice. In particular, the self/other effect may 

arise from an informational asymmetry inherent in any decision-making process that 

involves the use of advice. Individuals are privy to their own thoughts, but not to the 

thoughts underlying the advisor’s opinion. A judge can access pieces of evidence 

supporting his/her own opinion more easily than ones supporting the advisor’s view. 

If the weighting of opinion is a function of the accessible evidence, then, other things 

being equal, judges should be expected to discount advice. (Yaniv, 2004, pp. 2-3) 

This “self/other” effect, in which the arguments in one’s own thoughts are more 

accessible than those of others, resonates with the Vygotskyan distinction between “intra-
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psychological” and “inter-psychological” processes, and has obvious implications for the 

small group learning context. In small group learning, it is that very “informational 

asymmetry” which participants must work to overcome through discourse and ongoing 

co-constructed zones of proximal development. 

 In common usage, we refer to the weight of someone’s opinion as their “credibility” 

which has a research history traceable back to Aristotle’s description of ethos in his book 

Rhetoric. In their research into the construct of credibility, McCroskey and Young (1981) 

identify competence (sometimes referred to as expertise) as one of the eight principal 

components of credibility as a construct. This is in line with common sense: we will 

listen to people if we feel they know what they are talking about. However, as Baumann 

and Bonner (2004) pointed out, expertise can be difficult to assess, and so we often rely 

on “proxies” like reputation and expressions of confidence (p. 90).  

  In a series of JAS studies, Yaniv and Kleinberger (2000) found that advisors 

developed reputations in the minds of judges, based upon advisor performance. 

Technically, when quality of advice changed over repeated rounds of decision-making, 

subjects adjusted the extent to which they egocentrically-discounted advisor input. The 

authors dubbed this development effect “reputation formation.”  Interestingly, reputations 

changed rapidly and asymmetrically: it was far easier to lose than gain a good reputation. 

When advice quality increased, egocentric discounting decreased slightly (7%), but when 

advice quality decreased, egocentric discounting increased significantly (30%). The 

effect of expertise upon trust among judges and advisors was also explored by Van Swol 

and Sniezek (2005, Experiment 2), who found subjects sensitive to each other’s expertise, 
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with low-expertise participants expressing higher levels of trust in their high-expertise 

partners than vice versa. 

 Van Swol and Sniezek (2005, Experiment 1) also revealed the influence of advisor 

confidence on the extent to which judges put their advice to use. Their experiment 

explored the differential influence upon judges’ decisions of five variables: trust in the 

advisor, advisor’s expressed confidence, advisor accuracy, judge’s prior relationship with 

the advisor, and the judge’s power to reward the advisor. They found, using a step-wise 

regression, that the only variable among these five that significantly predicted judges’ 

actual use of advice was the advisor’s expressed confidence. Some methodologists (e.g., 

Keith, 2006) have grave reservations about step-wise regressions, but in this case the 

finding is supported by a combination of studies outside the JAS framework: Schaefer et 

al.’s (2004) finding that extraverts tend toward overconfidence and Bonner’s (2000) 

finding that extraverts tend to have the most influence in groups. In combination, these 

two studies support an association between confidence and influence. 

 Although it has delivered findings important to this study (i.e., that people tend to 

inaccurately judge the value of advice they receive from others), JAS research is for the 

most part individual: subjects are assigned roles, they give or receive advice, and their 

decisions are analyzed. Importantly, JAS research presumes that advisors share all the 

relevant information they possess so that judges can make the best decision. This is 

usually a safe assumption for the JAS experimental condition: when the advisors are not 

confederates, there are sometimes even incentives in place to ensure that participants 

want each other to do well (e.g., Patt, Bowles & Cash, 2006). However, as we shall see in 
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the following discussion of information-sharing in groups, the assumption that people 

share everything they know when working toward a group decision does not hold up to 

scrutiny. 

 

Information-Sharing in Groups: The Lessons of “Hidden Profile” Research 

In 1985, Stasser and Titus published a cleverly-designed study that revealed a 

surprising and unsettling dynamic at play in decision-making groups. In this section, I 

will describe Stasser and Titus’ original experiment, variations on the design that have 

added to our understanding of its findings, and conclude with a consideration of 

additional research illuminating the importance of the social dimension of decision-

making groups. 

Stasser and Titus (1985) were interested in the extent to which groups were able to 

extract from their members all the information they had relevant to a group decision. To 

this end, they ran several experiments in which students learned about three hypothetical 

candidates for student body president, expressed an initial preference, and then had to 

decide on a preference as a group. The three hypothetical candidates varied in important 

ways, each with a mix of positive, neutral, and negative characteristics (with “positive,” 

“negative,” and “neutral” as determined by pre-experimental ratings from the subjects). 

Candidate A had more positive and fewer neutral characteristics than candidates B or C, 

so was—according to the pre-experimental preferences expressed by the subjects—the 

“best” candidate. 
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Across several experiments, the authors varied the amount and kind of information 

each student was individually given about each candidate. These information “profiles” 

ranged from a baseline condition in which all information was shared among all members 

(a “clear profile”), to the most extreme condition in which information supporting a 

poorer decision was mostly shared and information supporting the better decision was 

mostly unshared (a “hidden profile”). The intention behind varying the information 

distribution was to regulate the strength of initial preference that individuals would bring 

to the group decision. In all the experiments, students were allowed to read an 

information sheet about each candidate and express an initial preference. The information 

sheets were then collected, and students completed a free-recall task in which they wrote 

down everything they could remember about each candidate. Groups then discussed their 

preferences and made their decisions, after which students again completed the same 

free-recall task. 

Stasser and Titus found that groups were surprisingly poor at extracting decision-

relevant information from their members. In all cases, if groups had effectively pooled 

the information provided to members, they would have chosen candidate A. However, 

group preference for candidate A dropped from 83% when all information was initially 

shared to 18% when it was not. Furthermore, the post-group free-recall tasks showed that 

discussion did not increase the recall of information that was unshared—which, due to its 

novelty, one might have thought would stand out in the minds of the participants. On the 

contrary, discussion increased the recall of information that was mostly shared at the 

outset, bolstering the initial (and poorer) decision. 
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Since 1985, a respectable amount of research on “hidden profile” behavior has 

confirmed as stable the finding that shared information tends to appear in and influence 

group discussion much more than unshared information (for a review, see Wittenbaum, 

Hollingshead & Botero, 2004). Groups will, unfortunately, most frequently make the 

poorer choice if that is the choice favored by information that is shared among members 

at the outset. In an extension of “hidden profile” research, Henningsen and Henningsen 

(2003) ran a study similar to Stasser and Titus’s (1985) original design, but varied the 

extent to which shared vs. unshared information had an effect on initial preference. In this 

study, participants also filled out a post-study questionnaire measuring the levels of 

normative influence (social pressure) and informational influence (learning new, 

unshared information) they experienced in group discussion. These data revealed that 

perceived social influence was strongest in “ambiguous profile” situations, when 

information originally provided to individuals did not support an initial preference (i.e., 

each individual began with equal number of positive and negative pieces of information 

for each option). 

 Wittenbaum, Hollingshead and Botero’s (2004) review and critique of the “hidden 

profile” literature to date included an in-depth consideration of the importance of social 

influence in group decision-making. They argued that “hidden profile” research makes 

several assumptions of subjects that may be accurate in a laboratory but do not reflect 

real-life situations, and two of their challenges are especially relevant here. First, they 

decry the assumption that the process of information sharing itself is unbiased, whereas 

real communication in organizations “may involve saving face, avoiding conflict or 
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change, acting in a manner consistent with organizational norms, or not being labeled a 

trouble maker. These goals in particular may involve the intentional withholding of 

information” (p.298). Unlike a laboratory situation in which participants likely have no 

relationship prior to or following the experiment, members of learning groups in the 

classroom have to live with the social consequences of their interactions for an entire 

semester, and social agendas of the kind listed above are likely to be in play at least 

somewhat. A second assumption Wittenbaum et al. criticized is the assumption that 

“information is either mentioned or not” (p.300). These authors discussed the various 

ways that people re-frame, shade, qualify and “spin” information in real-life 

communication situations. As an example of this effect in the small group learning 

classroom, Sweet et al. (2007) noted the many ways that undergraduate students in TBL 

groups qualified their arguments with statements like  “. . . but I don’t know” or  “. . . but 

I was just guessing.” 

 

The Role of Extraversion in Groups 

 The reader has no doubt noticed that topics in this review have gradually moved 

from the individual to the social: from individual metacognitive monitoring research to 

egocentric discounting and conversational “spin.”  In this section, we’ll take the next step 

and consider the impact of social personality traits upon group decision-making. As 

described above, Wittenbaum, Hollingshead and Botero’s (2004) exploration of 

weaknesses in hidden profile research has set us up nicely to take this step. Their 

consideration of the realities of social settings revealed several of the assumptions of 
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hidden profile research to be unrealistic. In this spirit, the consideration of social 

personality traits reveals an additional weakness. 

 Specifically, in “hidden profile” research using Stasser and Titus’s (1985) original 

design, each piece of unshared information is given to only one member of a group, and it 

is assumed that all unshared pieces of information have an equal chance of getting shared 

in group discussion. Among the many kinds of individual differences that undermine this 

assumption are natural variations in the talkativeness (or extraversion) of group members. 

Common sense dictates that a piece of unshared information given to an introvert will 

have a different likelihood of getting shared than the same piece of information given to 

an extravert. Therefore, before we dive into the research that has so far been conducted 

specifically on Team-Based Learning, a review of what we know about extraversion, and 

its effects, is in order. Extraversion is one the “Big Five” personality traits, so our 

investigation of its effects upon small group learning necessarily begins with a review of 

the Big Five. 

  “Big Five” measures of personality have amassed a considerable volume of 

research, are considered psychometrically stable, and (some argue) are even cross-

culturally valid (John & Srivastava, 1999; McRae & Allik, 2002; McRae & John, 1992). 

The Big Five dimensions of personality emerged over decades of research in which many 

scholars examined commonalities among existing personality instruments and—as factor-

analytic procedures became more sophisticated and practical—the proliferation of 

personality traits eventually boiled down to five dimensions, within which some include 

several sub-scales (John & Srivastava, 1999). Strong arguments have been made (e.g., 
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John & Srivastava, 1999; McRae & Costa, 1989) that the Big Five dimensions converge 

with forerunning structural models of personality enough to at least subsume those 

previous models, if not be entirely comprehensive (at one level of abstraction). 

 The five components of the “Big Five” framework include extraversion, 

agreeableness, conscientiousness, neuroticism, and openness to experience. Among the 

Big Five, extraversion and agreeability are considered the two interpersonal traits 

(McRae and Costa, 1989). Extraversion includes tendencies toward sociability, 

assertiveness, activity, energy, and positive affect, whereas agreeableness includes 

tendencies towards trust, compliance, care, and gentleness (Judge, et al., 2002). Given 

their interpersonal nature, it is not surprising that extraversion and agreeableness have 

been found to be associated with certain kinds of behavior in cooperative situations. For 

example, Beersma, et al., (2003) found that teams with members who rated high in 

extroversion and agreeableness performed better under cooperative conditions, whereas 

teams with members who rated low on these scales performed better in competition. 

Furthermore, Koole, et al. (2001) found that extraversion was generally negatively related 

to cooperation, and agreeableness was positively related to self-restraint when a common 

resource was threatened.  

 The sad story told by “hidden profile” research is that groups would make better 

decisions if participants spoke up more, and complied less. Therefore, extraversion seems 

more relevant to research on decision-making groups. In fact, in their own hidden profile 

research, Brodbeck, et al, (2002) found that initial dissent about the best choice in a 

situation increases consideration of unshared information and improves group 
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performance. For this reason, I will now leave agreeableness behind and focus only on 

extraversion. 

 Various scholars have researched the importance of extraversion to teamwork. For 

example, in Driskell, et al’s (2006) hierarchical model, extraversion makes more distinct 

contributions to the behavior of “a good team player” than the other Big Five personality 

traits. Similarly, in their meta-analysis, Judge et al. (2002) found extraversion to be the 

Big Five personality trait most highly correlated with measures of “leadership.”  At a 

finer-grained level of analysis, McCrosky and Young (1981) found extraversion to be one 

of the eight principal components of “credibility” as a construct, and Bonner (2000) 

found that extraverts tend to have the most influence in decision making groups which 

have incomplete information and no dominant internal factions. As mentioned earlier, 

Yaniv’s (2004) notion of the “self/other informational asymmetry” between group 

members becomes relevant here. If this is the very imbalance that we must overcome via 

zones of proximal development embedded in discourse, then the value to a group of an 

extravert is clear: these are the people who are moved to initiate discourse and participate 

in it. 

 Alhough extraverts may help stimulate communication in groups and enjoy more 

influence in those groups, extraversion comes at a price to both the extravert and the 

group. Specifically, Schaefer, et al (2004) found that extraversion significantly predicted 

overconfidence in individual decision-making, offering narcissism as an explanatory link 

between extraversion and overconfidence. Furthermore, Koole, et al. (2001) found that 

extraverts were unresponsive to feedback about the impact of their use of a collective 
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resource in a laboratory simulation, focusing mainly on taking as much of the collective 

resource for themselves as they could. Clearly, the inclusion of extraverts on a decision-

making team is a mixed blessing for all involved. 

  

Team-Based Learning 

 Conversational “air time” in small group discussion is perhaps the most obvious 

collective resource available to every group. An understanding of extraverts’ tendencies 

towards influence and overconfidence makes clear the attraction to a small group 

learning strategy which claims to have a built-in correction for this dangerous 

combination. If an instructional strategy could improve students’ confidence calibrations 

powerfully enough to correct for the extravert’s tendency toward influential 

overconfidence, then perhaps the group could benefit from the extravert’s abilities to get 

and keep conversations going, but motivate the extraverts to restrain themselves from 

dominating those conversations to the detriment of the group. This is exactly the effect 

that TBL practitioners claim happens in their small groups over time: recall Michaelsen’s 

(1995) description of how TBL’s sequence of individual-then-group-work with 

immediate feedback creates conditions where “’Pushy’ members are only one scratch 

away from having to ‘eat crow’ and quiet members are one scratch away from being 

validated and two scratches away from being told that they need to speak up.”  The 

following section explores TBL’s practical features and the research that currently exists 

to support these claims.  
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The practical features of TBL and the five elements of cooperation 

 TBL was developed over several decades by Larry Michaelsen, a professor of 

business management, and his colleagues. Given its origins in a business management 

classroom, it is not surprising that most early TBL articles appeared in management 

education journals and interest there continues today. Michaelsen and his colleagues laid 

the groundwork in the 1980’s (e.g., Michaelsen, Watson, Cragin & Fink, 1982; 

Michaelsen, Watson, & Schraeder, 1985) and today the literature on TBL in management 

ranges from reflective pieces (Fairfield & London, 2003) and notes from the field 

(Herring & Higgins, 2004), to correlational and quasi-experimental research 

(Birmingham, & Michaelsen, 1999; Watson, Johnson, Kumar & Critelli, 1998; Watson, 

Kumar & Michaelsen, 1993; Watson, Michaelsen & Sharp, 1991). In this section, I will 

review the practical features of TBL, the effects those features are claimed to generate, 

and significant pieces of research used to support those claims. 

 The building blocks of an implementation of TBL of interest here are permanent, 

large teams, team-based testing and peer evaluation. Contrary to most small group 

learning classrooms where group sizes of four are recommended (e.g., Johnson et al., 

2007; Millis & Cottell, 1998), TBL students are organized into teams of five to seven, 

using stratified systematic sampling with the goal of distributing course-relevant student 

characteristics (e.g., prior coursework in the field) as equitably as possible across teams. 

This strategic selection is designed to ensure heterogeneity within teams and 

homogeneity across teams, and the larger size ensures that all teams have a high 

probability of containing necessary intellectual resources, even if one or more team 
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members is absent. Once assigned, these teams are permanent for the duration of the 

semester. 

 For each instructional unit in a TBL course, student understanding of the course 

content includes at least one team-based testing (TBT) experience. A TBT involves 

students first taking a short, multiple-choice test over the assigned readings and then—

after turning in their individual tests—they then take the exact same test again as a team, 

engaging in whatever discussion is necessary to reach consensus on answers for each 

question. For this process, Michaelsen et al. (2004) strongly recommend using some form 

of immediate feedback such as a the Immediate Feedback Answer Technique (IF-AT) 

form. (Figure 2) 

 

Figure 2 

An IF-AT Self-Scoring Answer Sheet 

 With the self-scoring answer sheets, students scratch off film covering an answer box 

in search of the mark indicating a correct answer (a star). As a result, teams receive truly 

immediate feedback with every choice they make. If the team finds a star on the first try, 

they receive full credit. If not, they continue scratching until they do find the star, but 
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their score is reduced with each successive scratch, with partial credit motivating 

continued discussion and learning. When teams complete their test, they can appeal any 

questions that they got wrong but for which they feel they can make a convincing case 

that: (a) the answer they chose can be considered correct, (b) the question needs to be 

revised, or (c) the reading material was inadequate. Only teams, not individuals, can write 

appeals, and appeals must be supported by evidence from the course materials (readings, 

previous lectures, etc.). This appeal process is designed to drive the students immediately 

back into the areas of the content they did not understand in pursuit of either clarification 

or support for their appeal. 

 Instructors can either review and address team appeals immediately, or review them 

after class and report later which appeals they have decided to grant. The latter is 

recommended, based upon the emotional energy generated by the TBT. In either case, it 

is important for instructors to explain their rationale for appeal decisions, as this keeps 

the discussion instructional and content-oriented. If an appeal is successful, only the team 

that submitted the appeal will receive points—teams cannot “piggyback” on appeals 

written by other teams. 

 Once the appeal process is over, the TBT is complete. The instructor can now review 

with the class those questions that most teams missed on their team tests, and briefly 

clarify the concepts related to these questions before the course moves on to new 

material.  

 The TBT, then, serves at least two purposes beyond the traditional function of 

classroom assessment. First, it allows student misconceptions and misunderstandings to 
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be clarified by either team members through discussion during the team test or by the 

instructor using the team test scores diagnostically to identify areas of misunderstanding. 

Second, it is the immediate feedback on the team test which TBL’s proponents claim 

stimulates greater student learning and team performance.  

  Tying our discussion back to the theoretical considerations with which it began, let 

us consider for a moment how TBL stimulates cooperation as defined by social 

interdependence theory (Johnson et al., 2007). So far, we have discussed elements of 

TBL that ensure students will experience four of the five necessary components of 

cooperation. Because students need their team mates not only for peer instruction but also 

for team test performance points towards their final grade, TBL clearly sets up conditions 

of positive interdependence within teams. During the TBT, the individual tests ensure 

individual accountability and the necessity to come to consensus on the team test ensures 

the appropriate use of social skills during the process of promotive, face-to-face 

interaction. The missing piece is group processing—a reflection upon what is working in 

the group and what could be improved—which TBL accomplishes via peer-evaluation 

activities. It is recommended that instructors require students to complete at least one 

formative peer-evaluation of their team mates before the summative peer-evaluation at 

the end of the semester, to make sure that this reflection truly benefits the group process 

and is not just used punitively (Michaelsen et al., 2004, p.222). 
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Empirical research into TBL as an instructional strategy 

 Although there are many “personal experience” articles about TBL in the literature, 

formal research directly investigating its instructional mechanisms and effects is still 

relatively new. One of the earliest studies is Watson et al.’s (1991) quantitative 

examination of how individual and team scores developed over the course of a semester 

among 272 undergraduates in 50 teams. They found that within teams, the highest 

individual score became less predictive of the team score over time, even as team scores 

improved. A "synergy ratio" for each team was also calculated across three time points. 

Synergy was calculated by dividing the amount by which the team outscored its best 

member (team score – best member score) by the amount by which it was possible for the 

team to outscore its best member (total possible points – best member score). Because 

individual scores all increased over time, it became more difficult for a team to outscore 

its best member, yet team synergy ratios increased at every measure. The authors 

concluded that these patterns reflect the team members' increasing willingness and ability 

to discuss test questions longer and more deeply (and therefore make better decisions) as 

opposed to relying on the opinion of socially dominant members as they do early in the 

term. 

 A few studies have investigated the differences in team development over time of 

culturally-diverse vs. culturally-homogenous groups in the TBL classroom. Together, 

these studies examined how cultural diversity among team members affected various 

dimensions of the individual and group experience over time. Watson et al. (1993) found 

that culturally diverse groups generated more perspectives on a problem and more 
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alternative solutions than culturally homogenous groups, but took longer to “catch up” 

and achieve equal levels of group process effectiveness, accurate problem identification, 

and solution quality than homogenous groups. Similarly, Watson et al, (1998) found that 

diverse teams began the semester showing a more strongly individualistic orientation 

among their members than did homogenous teams, but by the end of the semester the 

diverse teams had “caught up” with homogenous teams, with their members expressing 

increased team-orientation. 

 A later study by Birmingham and Michaelsen (1999) examined the extent to which 

groups resolved conflicts that arose as members came to agreement on answers to a series 

of group tests by using a compromise as opposed to problem solving. They found that, 

over time, groups steadily and dramatically shifted from compromise (voting) to problem 

solving. On the first test, two thirds of the 192 groups in the study used the compromise 

strategy. However, on the fifth test, which occurred after the groups had worked together 

for approximately 25 hours, the number of groups who used a compromise strategy had 

dropped to zero.  

 Though these developmental findings are encouraging, there are two important 

caveats to their relevance here. First, these studies were all conducted prior to advent of 

technologies like the IF-AT form, so for these studies “immediate feedback” consisted of 

individuals and teams completing an entire test and only then getting feedback on their 

performance. In this situation, teams only get one immediate feedback experience per 

test. In contrast, item-by-item feedback gives the team one immediate feedback event for 

every attempt they make to answer each question, which can mean several feedback 
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events per question, if the teacher allows partial credit for a correct answer on the second 

(or third, or fourth) attempt. Obviously, if the immediate feedback events have the power 

that TBL proponents claim, this is an important development and merits new inquiry. 

 Second, the TBL literature (e.g., Michaelsen, Knight & Fink, 2004) claims that one 

of the system’s main instructional benefits is the increased learning enabled by the self-

restraint that immediate feedback stimulates among extraverts over time. However, no 

published educational research into TBL’s learning effects has included measures of 

extraversion to test this claim, so conclusions that this mechanism is what leads to 

increased team performance are indirect at best. 

 

Conclusion and Research Questions 

 In summary, metacognitive monitoring research in the postsecondary classroom has 

shown mixed results in the ability of individuals to improve their confidence calibration 

across time (Bol, et al., 2005; Bol & Hacker, 2001; Hacker, et al., 2000; Nietfeld, Cao & 

Osborne, 2005). Furthermore, the only such research done in the small group learning 

context found that neither individual nor group confidence calibration improved over 

time or responded to intervention (Puncochar & Fox, 2004). Some possible rationales for 

this disappointing set of findings can be found in organizational behavior research on 

egocentric discounting in advice-taking in decision making, our evidently poor ability to 

share information in groups, and the influential but overconfident nature of extraverts 

within a group (e.g., Bonaccio & Dalal, 2006; Koole, et al., 2001; Schaefer, et al, 2004; 

Stasser & Titus, 1985; Wittenbaum, Hollingshead & Botero, 2004). 
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 Proponents of Team-Based Learning, however, claim that delayed feedback is to 

blame for many of these problems in the small group learning classroom. These teachers 

claim that immediate feedback stimulates an increased ability in students over time to 

identify where expertise resides within their group, leading to more fruitfully-constructed 

zones of proximal development. Investigating this claim using confidence calibration 

methodology would not only support or undermine it, but would also help extend the 

current state of metacognitive monitoring research on learner co-regulation, in which 

there is growing interest (e.g., Hadwin, et al. 2006). The present study began this 

investigation by asking three sets of research questions. 

 The following research questions investigate the accuracy of three kinds of 

perception in Team-Based Testing situations.  The first is intra-personal, metacognitive 

accuracy ("How well I know my own ability"). The second and third are both 

interpersonal: accuracy of perceived of team mate ability ("How well I know his or her 

ability") and reputation accuracy ("How well they know my ability"). Finally, the fourth is 

accuracy of perceived collective efficacy ("How well I know our ability").   

 Research question 1: Across a semester of repeated Team-Based Tests with 

immediate item-by-item feedback, was accuracy of intra-personal, inter-personal, or 

collective perception generally associated with a student's own actual performance? 

Hypothesis 1a: Metacognitive accuracy would correlate positively with performance. 

Performance has been shown to correlate with confidence calibration accuracy (Hacker, 

et al, 2000; Nietfeld, et al., 2005). The findings from this question would 
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replicate/validate previous research, thereby serving as a backdrop against which to 

interpret the findings from subsequent research questions. 

Hypothesis 1b: Accuracy of student reputations would correlate positively with 

performance.  In their series of Judge-Advisor-System (JAS) studies, Yaniv and 

Kleinberger (2000) found that advisors develop reputations in the minds of decision 

makers. In this case, a student's team mates serve as advisors in the students' decision-

making process. 

 

Research question 2: Across a semester of repeated Team-Based Tests with immediate 

item-by-item feedback, would trends develop in the accuracy of intra-personal, inter-

personal or collective perceptions? 

 Hypothesis 2a: Students would improve the accuracy of their calibration to 

themselves, their team mates and their teams. Immediate feedback in the classroom tends 

to improve performance (Kulik & Kulik, 1988), and performance has been shown to be 

associated with calibration accuracy (Hacker, et al, 2000; Nietfeld, et al., 2005). 

Furthermore, group members over time have been shown to base their perceptions of 

others less on stereotypes and more on specific knowledge and experience (Birmingham 

& McCord, 2004).  Finally, this is the effect claimed anecdotally by TBL practitioners 

(e.g., Michaelsen, et al., 2004). 

Hypothesis 2b: Students’ calibration to their team mates would be more accurate 

than calibration to themselves. The preliminary findings of Sweet, et al., (2007) suggest 
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that students may develop a more accurate view of each others’ abilities than their own 

(the so-called “better than we know ourselves” effect).  

 

Research question 3: Across a semester of repeated Team-Based Tests with immediate 

item-by-item feedback, would extraversion interact with changes in the accuracy of 

students intra-personal, inter-personal or collective perceptions?  

Hypothesis 3a: If improvements in individual calibration accuracy are found, this 

effect would be less marked for high-extraverts than for low-extraverts. Extraverts have 

been shown to be overconfident (Schaefer, et al., 2004) and less sensitive to feedback 

(Koole, at al., 2001), which may inhibit the benefit they get from performance feedback 

as reflected in their confidence calibration accuracy. 

Hypothesis 3b: If improvements in team mate calibration accuracy are found, this 

effect would be more marked for high-extraverts than for low-extraverts. Driskell, et al. 

(2006) posit that the extravert’s high need for social affiliation leads them to be “more 

accurate in ‘reading’ others with whom they are interacting” (p. 253). 

Hypothesis 3c: If student performance reputations became more accurate across 

tests, this effect would be more marked for high-extraverts’ reputations increasing faster 

than for low-extraverts. Reputation-formation among advisors has been found to develop 

and adapt to changing quality of advice (Yaniv & Kleinberger, 2000). Because 

“talkativeness” is among the most commonly-identified components of extraversion 

(McRae & John, 1992), it follows that extraverts are more likely to announce their “wins 
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and losses” in forms similar to those observed by Sweet, et al., (2007), e.g.,  “I missed the 

last three, so don’t trust me on this.” 
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CHAPTER THREE: METHOD 

Participants 

The instructional strategy that uses Team-Based Tests (TBTs) is called Team-Based 

Learning (TBL). TBL is a postsecondary instructional strategy (Michaelsen, Knight & 

Fink, 2004), and the confidence calibration studies from which I have drawn most 

heavily (Hacker, et al., 2000; Nietfeld, Cao & Osborne, 2005; Puncochar & Fox, 2004) 

were all conducted in undergraduate education or educational psychology classrooms. 

For these reasons, following IRB approval, I solicited 50 volunteers from an 

undergraduate educational psychology class taught using TBTs.  

Students were grouped into permanent teams by the instructor, with the only sorting 

variable considered being sex: historically the student population of the class has been 

mostly female, so care was taken to ensure that male/female balance was as similar as 

possible across teams. Teams consisted of six to seven students each, as is recommended 

by TBL practitioners (Michaelsen, et al., 2002, 2004). Team-Based Testing events 

occurred six times over the course and all tests gave item-by-item feedback on the team 

tests. 

 

Class procedures 

 The class in this study met twice per week with each session lasting roughly 75 

minutes. The semester was organized into six instructional units, for which students were 

assigned readings from a textbook, lectures were delivered by the instructor, and students 

had to complete note-taking assignments (for more information, see the syllabus of the 
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course in Appendix A). At the end of each unit, the students took Team-Based Tests, 

described as "quizzes" in the syllabus as follows: 

There will be six 30-item multiple-choice quizzes.  Each quiz will cover 

material presented in the assigned readings and lectures. Quizzes will first 

be taken individually (without the help of others) and then again in teams. 

You will take the individual quizzes during the first 35 minutes of class. 

At the end of the 35 minutes, students will assemble in their teams and 

take the same quiz again. The team quiz will last for 40 minutes. Students 

may receive bonus points if their team scores higher than other teams. For 

example, if a team scores higher on a quiz than all other teams, each 

individual from that team will receive three points added to their 

individual score. So, if a student scores 22 and the team scores higher than 

all other teams, then that student receives a 25 for the overall score. 2nd 

place teams receive 2 points, 3rd place teams receive 1 point. If teams tie, 

they get equal points. Thus, a student may receive up to 18 extra credit 

points on quizzes. 

 On the day of each Team-Based Test, the individual phase of the Team-Based test 

began with the test being made available to students either on paper or a computer-based 

testing platform (as described in Robinson, Sweet, & Mayrath, 2008).  Groups were 

assigned to either the paper or computer-based testing conditions on a rotating schedule, 

to minimize the effect the testing apparatus might have on the present study.  Students 

completed the individual phase of the Team-Based Test in silence, and only when all 
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indiviudal tests were turned in could group discussion begin. In the group phase of the 

Team-Based Test, groups received immediate right/wrong feedback on their decisions by 

the computer testing platform or IF-AT "scratch off" form described in the literature 

review above. To motivate students to continue discussing a question until they arrived at 

the correct answer, partial credit was awarded to teams based upon how many attempts it 

took them to give the correct answer. Once all teams had completed their tests and 

submitted their arguments for any questions they wished to appeal, the test was complete 

and class time for the day had usually run out. The teacher and teaching assistant would 

then collect all testing materials, review any appeals that were made, calculate bonus 

points, and post the results to the course management system (Blackboard). 

  

Measures 

In this study, there were four measures of interest: one intra-personal, two inter-

personal, and one regarding teams' collective performance. These constructs were: 

(a) metacognitive accuracy ("How well I know my ability") 

(b) performance reputations within teams ("How well they know my ability") 

(c) perception of team mate expertise  ("How well I know his or her ability") 

(d) perception of team's collective efficacy  ("How well I know our ability"). 

The study asked various questions about how accurate these perceptions were, both 

in general and over time as the semester elapsed. To investigate these constructs, three 

kinds of measures were taken: (a) performance estimates, (b) actual performance, and (c) 

extraversion. In this following section, I will first discuss the class procedures in which 
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the measures were taken, then detail the specifics of each measure, and finally describe 

how measures were used to calculate values for my constructs of interest. 

Student performance estimate measures were taken after students completed the 

individual test but before they took the group test, using the Prediction Sheet appearing in 

Appendix B. Prediction sheets were customized to each team, to include only the 

members of that team. This process yielded individual postdictions and team mate 

predictions, a distinction addressed in the Limitations section, below. Students were 

given a monetary incentive to predict accurately: those students who tied for “best 

calibrated” became eligible for a cash prize raffle after each exam. 

Student actual performance was a measure of how many of the items on their 

individual test each student answered correctly. The fact that test questions were written 

by the teacher of the class and not from vetted, standardized psychometric instruments is 

an issue also noted in the Limitations section below. Item analyses from the previous 

semester’s students were used to administer the best test questions possible. 

Extraversion is one of the Big Five personality traits, and two approaches have been 

used to measure the Big Five: adjective- and phrase-based surveys, like Goldberg’s 

(1992) “trait descriptive adjectives” (TDA) and John, et al.’s (1991) Big Five Inventory 

(BFI), or questionnaire-based measures with longer items and many sub-scales, like 

Costa & McCrae’s (1992) family of NEO-FFI questionnaires. John and Srivastava (1999) 

use several different analyses to compare data generated by 462 undergraduates for these 

three popular Big Five instruments. As the longest of the scales, the TDA had the highest 

reliability (.89), followed by the BFI (.83) and the NEO-FFI (.79), and extraversion, 
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conscientiousness and neuroticism were measured most reliably across the instruments. 

The BFI and the TDA showed the highest convergence correlations (mean r=.81), 

followed by the BFI and the NEO-FFI (mean r=.73). Discriminant correlations between 

the five factors were low on each instrument, averaging .21 for the TDA, .17 for the 

NEO-FFI and .20 for the BFI. Ultimately, the authors did not come down in favor of any 

one instrument. Instead, they based their recommendation for which instrument is “best” 

on situational factors, like how much time subjects have to complete the instrument and 

whether the researcher needs sub-scale information beyond the five broad measures. 

Because of the preciousness of classroom time, extraversion was therefore measured 

using John and Srivastava’s (1999) 44-item Big Five Inventory (BFI) at the beginning of 

the semester (the BFI appears in Appendix B).  

 

Calculated construct values 

Metacognitive accuracy ("How well I know my ability") was calculated by 

comparing the number of questions each student believed they answered correctly with 

the number they actually answered correctly. This is a simple, global calculation which 

has been used in other studies (e.g., Bol et al., 2005; Bol & Hacker, 2001; Hacker et al., 

2000; Nietfeld et al., 2005). 

Reputation accuracy ("How well they know my ability") was calculated as the 

averaged, absolute difference between how a team member actually performed and how 

team mates predicted the person would perform. In other words, accuracy was measured 

in terms of total error regardless of direction, not a signed difference—if Bob is 
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overconfident in Ed and Kim is underconfident in Ed, those errors about Bob should not 

average out as a “perfectly accurate” reputation. Simply put, two wrongs should not 

average out to make a right. This calculation is illustrated in Figure 3: 

 

 
Kim 

 
Bob Jen 

 
Predict Ed’s 

Performance as 25/30 
Predict Ed’s 

Performance as 20/30
Predict Ed’s 

Performance as 15/30

Ed’s  
Reputation Accuracy = 

3.33 
(with 0 being perfect accuracy) 

|15 - 20| = 5 |20 - 20| = 0 |25 - 20| = 5  
average 

(5+0+5) / 3
 

 
Ed’s Performance = 20  

Ed  

 

Figure 3: Calculating Individual Performance Reputation Accuracy ("How well they 

know my ability") 

 

Perception of  team mate expertise ("How well I know his or her ability") was a 

measure of the rater's ability to rate others, as opposed to one's own reputation accuracy, 

and was calculated for accuracy using the reverse of the method described above. In other 

words, expertise recognition was calculated as the averaged, absolute difference between 

how a student predicts each team mate will perform and how those team mates actually 

perform. This calculation is illustrated in Figure 4: 
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Ed 

Kim 

Performance = 20/30 
 

Performance = 29/30 
 

Predict  
25/30 

for Bob 
 

Predict 30/30 
For Jen 

 

average 
(5+1+2) / 3

Ed’s  
Expertise Recognition 

for this 
test = 2.67 

(with 0 being perfect accuracy) 

|20 – 18| = 2 |30 - 29| = 1 |25 -  20| = 5 

Predict 
20/30 

For Kim 
 

Performance = 18/30 
 

Bob Jen 

Figure 4: Calculating Accuracy of Perceptions of Team Mate Expertise ("How well I 

know his or her ability") 

 

Student perception of team collective efficacy ("How well I know our ability") was 

calculated for accuracy as the difference between how they predicted their team would 

perform and how their team actually performed. 

Extravert vs. introvert was calculated by splitting student data into the two groups at 

the observed, class-wide median of their BFI extraversion score. 
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 CHAPTER FOUR:  RESULTS 

Data Overview 

 Forty-nine students enrolled in the course, but four students were removed from 

analysis for missing 50% or more of the team-based tests across the semester, giving an 

overall N of 45.  

 Data were collected across six team-based tests, but data from the sixth test were 

excluded because it differed from the previous five in coverage, length, and clarity of 

student response to instrumentation.  Specifically, the first five tests each covered two 

chapters worth of content with 30 questions worth one point each, but the sixth only 

covered one chapter with 15 questions worth two points each.  On the sixth test, however, 

the data collection instruments still asked students to predict a certain number "out of 30" 

correct.  Some students predicted out of 15 and some predicted out of 30. Combined, the 

differences in the test itself and the confusing instrumentation put the data for test six at 

enough risk of being a "rubber yardstick" to be excluded from analysis. Performance 

statistics for each of the five tests appear below in Table 1: 

 

Table 1 
Descriptive Statistics of Individual Performance by Test 

Test 1 2 3 4 5 
ave. score 

min 
max 
SD 
Var 

21.28 
12.00 
28.00 
3.38 
11.41 

21.16 
13.00 
27.00 
3.96 
15.67 

20.96 
14.00 
27.00 
3.40 
11.54 

23.32 
11.00 
30.00 
4.05 
16.40 

20.53 
15.00 
26.00 
3.12 
10.10 
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 Students performed significantly differently across the five quizzes, F(3.794, 

125.192) = 10.371, p  <. 001,  = .239. The details of this test appear in Table 2, below, 

and follow up tests using the Bonferroni adjustment showed students performing 

significantly better on quiz 4 than on quizzes 1, 3 and 5.  

2η

 

Table 2 
Repeated Measures ANOVA: Individual Performance across Time  

Source SS df MS F P 

Partial 
Eta 

Squared
Performance 268.265 3.794 70.845 10.371 <.001* .239 
Error 855.235 125.192 6.832    
Total 1123.5 128.986    
Note.  Values reported here include the Huyn-Feldt Adjustment. 
* p <.05 
 

 

Relationship of Calibration Accuracy to Performance 

Research question 1: Was accuracy of intra-personal, inter-personal, or collective 

perception generally associated with a student's own actual performance? 

 

Findings 

 Metacognitive monitoring accuracy  ("How well I know my ability") was 

significantly and positively associated with performance on four out of the five tests (see 

Table 3). 
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Table 3 
Correlation of Performance to Metacognitive Accuracy 

Test 1 Test 2 Test 3 Test 4 Test 5 
r = .409 
p = .005* 
n = 45 

r = .247 
p = .101 
n = 45 

r  = .597 
p < .001* 
n = 42 

r = .477 
p = .002* 
n = 41 

r = .466 
p = .007* 
n = 42 

Two-tailed Pearson r tests 
* p < .05 

   

 In general, higher performing students were slightly underconfident of their own 

performance, while lower performing students were slightly overconfident. To represent 

this visually, I divided students into four clusters by performance. Cluster 1 consists of 

students who averaged 25-30 points per test, cluster 2 consists of students who averaged 

20-25 points per test, cluster 3 consists of students who averaged 15-20 points per test, 

and cluster 4 consists of those who averaged fewer than 15 points per test.  Figure 5 

depicts the average performance for each cluster, and the average accuracy of each 

cluster's metacognitive estimates.   
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Figure 5: Metacognitive Accuracy by Performance Cluster 

 

 Reputation accuracy ("How well they know my ability") was positively associated 

with performance on all but one test.  Table 4 details the strength of these correlations, 

and Figure 6 depicts the accuracy of students' semester-long performance reputation 

accuracy by performance cluster. Interestingly, one should note that the predictions were 

relatively similar across performance groups (one could draw a nearly-vertical line 

among the performance cluster data points in Figure 5). 
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Table 4 
Correlation of Performance to Reputation Accuracy 

Test 1 Test 2 Test 3 Test 4 Test 5 
r = .756  
p < .001* 
n  = 45 

r = . 855 
p < .001* 
n = .45 

r = .877  
p < .001* 
n = 42 

r = . 672 
p < .001* 
n = 41 

r = . 238 
p = .147 
n = 41 

Two-tailed Pearson r tests 
* p < .05 

 

 

Figure 6: Reputation Accuracy by Performance Cluster 
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Perception of expertise accuracy ("How well I know his or her ability") was mostly not 

associated with performance overall, as detailed by Table 5. 

 

Table 5 
Correlation of Performance to Perception of Expertise Accuracy 

Test 1 Test 2 Test 3 Test 4 Test 5 
r = . 198 
p = .1 93 
n = 45 

r = . 010 
p = .949 
n = 45 

r = .204 
p = .196 
n = 42 

r = .329 
p = .036* 
n = 41 

r = .158 
p = .318 
n = 42 

Two-tailed Pearson r tests 
* p <.05 

 

 Accuracy of collective efficacy perception ("How well I know our ability") was 

mostly not associated with performance overall, as detailed by Table 6. 

 

Table 6 
Correlation of Performance to Perception of Collective Efficacy 
Accuracy 

Test 1 Test 2 Test 3 Test 4 Test 5 
r = . 209 
p = .180 
n = 43 

r = .176 
p = .258 
n = 43 

r = .155 
p = .329 
n = 42 

r = .115 
p = .473 
n = 41 

r = .150 
p = .341 
n = 42 

Two-tailed Pearson r tests 
* p < .05 

 

 

Changes in Accuracy Levels Across Time 

Research question 2: Across time, did trends develop in the accuracy of intra-personal, 

inter-personal or collective perceptions?  
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Findings 

 Of the 45 students whose data were retained for the study, 11 missed one or more 

team-testing experiences, so listwise case removal yielded an n of 34 for repeated 

measures analysis.  According to Stevens (1999, p.14), "for a small sample size any data 

point with a z around 2.5 should be seriously considered as a possible outlier."  

Therefore, when data contained observations with z scores above 2.5, sensitivity studies 

were conducted to determine whether the removal of these cases altered important test 

results. This did not result in the reversal of any findings, but it did clarify ambiguous 

results of one analysis. Further, Greenhouse-Geiser epsilons on repeated measures 

ANOVAs ranged from .782 to .942, therefore the Huyn Feldt correction was used 

throughout, as it is recommended at levels above .70  (Stevens, 1999, p.211). 

 

 Metacognitive monitoring accuracy ("How well I know my ability") 

 There was no main effect of time upon metacognitive accuracy F(3.702, 122.164) = 

.154, p = .953, = .005 (see table 7).  Three observations in the data set had z scores 

greater than 2.5, but a sensitivity study showed the removal of these cases did not 

sufficiently affect the outcome to achieve significance: F(4, 124) = 1.115, p = .352, = 

.035. 

2η

2η
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Table 7 
Repeated Measures ANOVA: Metacognitive Accuracy across Time  

Source SS df MS F P 

Partial 
Eta 

Squared
Time 3.447 3.702 .931 .154 .953 .005 
Error 738.553 122.164 6.046    
Total 742 125.886    
Note.  Values reported include the Huyn-Feldt Adjustment. 
 

 

Reputation accuracy ("How well they know my ability") 

 The effect of time on reputation accuracy was statistically significant F(3.606, 

118.991) = 2.595, p = .045,  = .073 (see table 8 on the following page).   2η

 

Table 8:  
Repeated Measures ANOVA:  Reputation Accuracy across Time 

Source SS df MS F P 

Partial 
Eta 

Squared
Time 43.462 3.606 12.053 2.595 *.045 .073 
Error 552.653 118.991 4.644    
Total 596.115 122.597    
Note.  Values reported here include the Huyn-Feldt Adjustment. 
* p <.05 
 

 However, pairwise comparisons using the Bonferroni adjustment found no 

significant differences between any two quiz means. Four observations in the data set had 

z scores greater than 2.5, and a sensitivity study (Table 9) showed that deleting these 

cases produced a more clearly significant finding of F(3.294, 98.821) = 4.953, p = .002, 

 = .142.  With these outliers removed, pairwise comparisons using the Bonferroni 2η
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adjustment showed significant differences between reputation accuracy scores on quizzes 

1 and 4, quizzes 2 and 4, and quizzes 4 and 5. 

 

Table 9 
Repeated Measures ANOVA: Reputation Accuracy across Time (Outliers Removed)  

Source SS df MS F P 

Partial 
Eta 

Squared
Time 52.289 3.294 15.874 4.953 *.002 .142 
Error 316.717 98.821 3.205    
Total 369.006 102.115    
Note.  Values reported here include the Huyn-Feldt Adjustment. 
* p <.05 
 

 How Reputation Accuracy scores changed across time is depicted visually in Figure 

7. It is worth noting that, while reputation accuracy did improve across time to a level 

of statistical significance, a rough measure of "effect size" revealed the magnitude of the 

difference to be quite small. On test 1, predictions correlated to performance at level of r 

= .31.  On test 4, predictions correlated to performance at a level of r = .36.  However, 

test 1 predictions correlated to test 4 performance at a level of r = .33.  Therefore, 

experience over time could be interpreted as only explaining about one tenth of a percent 

more variance beyond the "first impression." A caveat to this meager finding is a 

reminder that these TBT's were taken at the end of the instructional unit and not the 

beginning, as is recommended practice in TBL. In the present study, students may have 

learned a great deal about each other during the practice quiz and class discussion, so the 

measured "first impression" actually came after a respectable amount of experience with 

one's team mates. 
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Figure 7: Reputation Accuracy across Team-Based Tests 

 

Perception of expertise accuracy ("How well I know his or her ability") 

 The effect of time on perception of team mate accuracy was statistically significant 

F(4, 132) = 5.015, p = .001, = .132.  Pairwise tests using the Bonferroni correction 

showed significant differences occurring between Quizzes 1 and 4, Quizzes 2 and 4, and 

Quizzes 4 and 5. The source table for these findings appears in Table 10, and how the 

values changed across time is depicted visually in Figure 8. 

2η
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Table 10 
Repeated Measures ANOVA: Perception of Expertise Accuracy across Time 

Source SS df MS F P 
Partial Eta 

Squared 
Time 41.534 4 10.384 5.015 *.001 .132 
Error 273.298 132 2.070    
Total 314.832 136    
Note.  Values reported here include the Huyn-Feldt Adjustment. 
* p <.05 

 

 

 

Figure 8: Perception of Expertise Accuracy across Team-Based Tests 

 

 

 

66 



 

Perception of collective efficacy accuracy ("How well I know our ability") 

 The effect of time on perceived collective efficacy accuracy was statistically 

significant F(4, 112) = 3.034, p = .020, = .098. Pairwise comparisons using the 

Bonferroni adjustment found significant differences between quizzes 3 and 4. (It should 

be noted that only 29 observations made it into this analysis). Details of these statistical 

results appear in Table 11 and changes in the values across time are depicted visual in 

Figure 9. 

2η

 

Table 11 
Repeated Measures ANOVA: Perception of Collective Efficacy Accuracy across Time 

Source SS df MS F P 

Partial 
Eta 

Squared
Time 24.925 4 6.231 3.034 *.020 .098 
Error 230.040 112 2.054    
Total 254.965 116    
Note.  Values reported here include the Huyn-Feldt Adjustment. 
* p <.05 
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Figure 9: Error in Perception of Collective Efficacy across Team-Based Tests 

 

 

Extraversion and Accuracy across Time 

Research question 3: Across repeated Team-Based Tests, did extraversion interact 

with changes in the accuracy of students intra-personal, inter-personal or collective 

perceptions?  

 

 

 

68 



 

Findings 

 Of the 34 cases retained by listwise case removal, 16 (47%) rated below the median 

Extraversion level of 3.25 and 18 (53%) rated at or above the median.  These two groups 

were labeled introvert and extravert. Extraversion had no interaction with time upon any 

of the accuracy measures. Extraversion did not interact with time upon metacognitive 

accuracy, F(3.803, 121.686) = .537, p = .700,  = .017 (Table 12).  Extraversion did not 

interact with time upon reputation accuracy, F(3.722, 119.118) = .209, p = .923, = 

.006 (Table 13) . Nor did it interact with time upon perception of expertise accuracy, 

F(4,128) = 1.132, p = .345, = .034 (Table 14). Finally, extraversion did not interact 

with time upon accuracy of perception of collective efficacy, F(4, 4) = .452, p = .771,  

= 1.809 (Table 15). 

2η

2η

2η

2η

Table 12 
Two-Way, Repeated Measures ANOVA: Interaction of Time and Extraversion upon 
Metacognitive Accuracy 

Source SS df MS F P 

Partial 
Eta 

Squared
 
Between 

Extraversion 
Error 
Total 

 
Within 

Time 

4.864
214.789
219.653

3.930

1
32
33

3.803

 

4.864
6.712

1.034

 
 

.725 
 
 
 
 

.173 

 
 

.401 
 
 
 
 

.946 

 
 

.022 
 
 
 
 

.005 
Time x Extraversion 12.189 3.803 3.205 .537 .700 .017 
Error 726.364 121.686 5.969    
Total 
 
 

742.483 129.292    

Note.  Values reported here include the Huyn-Feldt Adjustment. 
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Table 13 
Two-Way, Repeated Measures ANOVA: Interaction of Time and Extraversion upon 
Reputation Accuracy 

Source SS df MS F P 

Partial 
Eta 

Squared
 
Between 

Extraversion 
Error 
Total 

 
Within 

Time 

54.125
230.435
284.56

43.550

1
32
33

3.722

54.125
7.201

11.694

 
 

7.516 
 
 
 
 

2.537 

 
 

.010* 
 
 
 
 

.048 

 
 

.190 
 
 
 
 

.073 
Time x Extraversion 3.592 3.722 .965 .209 .923 .006 
Error 549.061 119.118 4.609    
Total 596.203 126.562    
Note.  Values reported here include the Huyn-Feldt Adjustment. 
* p <.05 

 

 

Table 13 
Two-Way, Repeated Measures ANOVA: Interaction of Time and Extraversion upon 
Perception of Expertise Accuracy 

Source SS df MS F P 

Partial 
Eta 

Squared 
 
Between 

Extraversion 
Error 
Total 

 
Within 

Time 

3.244
166.827
170.071

42.250

1
32
33

4

3.244
5.213

10.563

 
 

.622 
 
 
 
 

5.122 

 
 

.436 
 
 
 
 

.001 

 
 

.019 
 
 
 
 

.138 
Time x Extraversion 9.336 4 2.334 1.132 .345 .034 
Error 263.962 128 2.062    
Total 315.548 136    
Note.  Values reported here include the Huyn-Feldt Adjustment. 
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Table 14 
Two-Way, Repeated Measures ANOVA: Interaction of Time and Extraversion upon 
Accuracy of Perception of Collective Efficacy 

Source SS df MS F P 

Partial 
Eta 

Squared
 
Between 

Extraversion 
Error 
Total 

 
Within 

Time 

4.914
148.376
153.29

27.927

1
29
30

4

4.914
5.116

6.982

 
 

.96 
 
 
 
 

3.228 

 
 

.335 
 
 
 
 

.15 

 
 

.032 
 
 
 
 

12.912 
Time x Collec.Eff.Acc 3.912 4 .978 .452 .771 1.809 
Error 250.890 8 2.163    
Total 282.729 16    
Note.  Values reported here include the Huyn-Feldt Adjustment. 

 

 As Table 13 shows and Figure 10 graphically depicts, the only significant finding 

related to levels of extraversion was that introverts had significantly more accurate 

reputations on every team-based test than extraverts. 
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Figure 10: Difference in Reputation Accuracy across Team-Based Tests by 

Extraversion 
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CHAPTER FIVE:  DISCUSSION 

The purpose of this study was to investigate the claim by Team-based Learning 

(TBL) practitioners that TBL students become better able over time to judge the content 

mastery levels of themselves and their team mates. Team-Based Tests (TBT) are the 

activities in TBL that practitioners claim stimulates this effect, so various measures were 

taken during TBTs and analyzed over the course of the semester. Because TBT's include 

individual work and group discussion, this study also explored whether any of the 

measures depended upon student extraversion. 

Specifically, the study asked three kinds of questions.  First, was a student's 

performance generally correlated with the accuracy of their (a) metacognitive monitoring 

efforts, (b) perception of expertise in their team mates, (c) reputation in the eyes of their 

team mates, or (d) team's perceived collective efficacy?  Second, did these accuracy 

levels change across repeated measures as student gained more experience with each 

other?  And third, did these accuracy measures across time depend upon the students' 

levels of extraversion?  This section begins by discussing the findings generated to 

address these questions, in terms of what it might mean that certain hypotheses were or 

were not confirmed and concludes with a consideration of important limitations of the 

current study and directions for future research. 

 

Relationship of performance to other measures 

 The hypotheses that student performance would correlate positively with 

metacognitive accuracy was confirmed and where bias occurred, good students were 
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underconfident and poor students overconfident. These findings replicate those of several 

other metacognitive monitoring studies conducted in similar settings with similar subjects 

(Bol & Hacker, 2001; Bol et al., 2005; Hacker et al, 2000; Lundeburg, Fox & Puncochar, 

1994; Sinkavich, 1995).  This is encouraging as it suggests that my data are not 

extraordinary in relation to what others have observed and my methods can therefore be 

considered sound. 

 The hypothesis that student performance would correlate with reputation accuracy 

was also confirmed, suggesting that higher performers stand out as more predictable in 

their performance than others. This trend could be interpreted in one of two ways.  On the 

one hand, in terms of students' abilities to determine who on their team should assume the 

roles of more- or less-knowledgeable participants in the construction of zones of 

proximal development, these findings suggest that students in this study did a fairly good 

job of identifying expertise, equipping them therefore to avoid situations of "the blind 

leading the blind."  However, a less encouraging interpretation also found some support 

in the data: students mostly expected high performance out of everyone, and only the best 

performers actually lived up to that expectation. A post-hoc analysis of error direction 

showed that students on average over-estimated each other's performance on every test. 

Reputation error was closest to perfect accuracy on test 4 at a level of 0.45, but that figure 

was still positive, meaning predictions still exceeded performance. 
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Development of measures over time 

 Metacognition ("How well I know my own ability"): The hypothesis that students 

would improve in their ability to estimate their own performance was not confirmed. 

Even when outliers were removed, the repeated measures analysis of metacognitive 

accuracy did not come close to significance. This finding replicates those of many studies 

that have been unable to find such an improvement, even in the presence of a 

metacognitive intervention (Puncochar & Fox, 2004).  TBL practitioners claim that their 

students become better able to judge the relative expertise among team mates over time.  

I have linked this to Vygotsky's zone of proximal development and proposed that if what 

TBL practitioners claim is true, then students would become better equipped over time to 

position themselves as more- or less-knowledgeable participants in the zones of proximal 

development that come and go during group discussion.  The ability to judge the relative 

expertise of team mates includes the ability to judge one's own—an ability that was not 

seen to improve over time in this study. 

 Additionally, the hypothesis that students’ calibration to their team mates would be 

more accurate than to themselves was not confirmed.  This hypothesis was suggested by 

the preliminary findings of Sweet, et. al., (2007) and the so-called “better than we know 

ourselves” effect, but in fact intra-personal metacognitive measures were more accurate 

than interpersonal reputation or perception of expertise measures on every test. These 

findings lend support to Yaniv and Kleinberger's (2000) description of what they called 

the "self/other" effect, which explains that estimates of one's own performance are 

informed by a great deal more information than estimates of others' performance: on any 
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given test, I know how confident I feel about my own knowledge, but I have no regular, 

reliable access to this kind of information about others.  Indeed, I have only my memory 

of their past performance to guide me in my estimates of my team mates' current 

performance.  

  

 Perception of expertise and reputation accuracy ("How well I know his or her 

ability, and how well they know mine"): The hypothesis that students would improve their 

ability to calibrate to their team mates over time was confirmed, both in terms of 

perception of expertise and reputation accuracy. Estimates of performance trended 

toward more accurate across the first four tests, finally achieving statistical significance 

on the fourth team-based test.  Importantly, accuracy levels fell back to near original 

levels on the final test analyzed, which was test 5. I do not believe the lack of accuracy on 

test 5 disconfirms my hypothesis, however, so much as fine-tunes the conclusion one 

may draw from it.   

 Specifically, conclusions about the development of increasingly accurate team mate 

perceptions must include the importance of test difficulty. In this study, performance 

levels suggest test 4 was the least difficult test of the semester and test 5 was the most 

difficult. Whereas average scores for tests 1, 2, and 3 varied by only .32 points, the 

average scores of test 4 and 5 varied by 2.79 points which—on a test worth only 30 

points—is nearly an entire letter grade.  It is important to keep these "moving target" 

difficulty differences in mind and consider that perhaps students weight their judgments 

of team mate ability more heavily on past performance than upon details of the current 
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task.  Although this may lead to inaccurate estimates of current performance, drawing 

heavily on past behavior to interpret the present is, after all, the nature of reputation.  

 Accuracy of perceived collective efficacy ("How well I know our ability"): In fact, 

the collective efficacy data support the notion that students use past performance to 

inform their estimates of current performance:  while the accuracy of students' perceived 

collective efficacy trended toward and achieved significance on test 4, all the error up to 

and including test 4 was due to under-estimating the team's performance.  On test 4, 

however, many teams achieved perfect scores, which was far better performance than 

most of them had estimated.  Learning from that error would set them up to be 

overconfident on test 5, which was the most difficult of the semester, and this is in fact 

exactly what happened.  Test 5 was the only test on which students overestimated their 

collective performance and was the test on which they performed the worst.   

 Summary of repeated measures findings: Combined, the repeated measures findings 

of this study lend support to the claims of TBL practitioners that across repeated team-

based tests, students develop an increasing familiarity with each other's intellectual 

resources.  Students' performance reputations and perceptions of each other's expertise 

became significantly more accurate over time, with test difficulty playing a notable role.  

This finding suggests the existence of a developmental effect equipping students to more 

effectively seek the more- and less-knowledgeable positions in zones of proximal 

development during team-based test discussions.  In plain language, it suggests that 

students can indeed become better able to teach and learn from each other when task 

difficulty remains constant. This caveat mirrors the findings of Nietfeldt, Cao & Osborne 
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(2005) in which difficulty of test items was the only variable investigated which 

predicted low performance and overconfidence in their metacognitive monitoring 

research. 

 The caveat of constant task difficulty is important for two reasons: the nature of 

teacher-made tests and the incremental difficulty of some subjects.  First, many 

classroom exams are written by the teacher themselves or at the very least adapted by the 

teacher from a bank of questions provided by the text book publisher and Notar et al., 

(2004) described teacher-made tests’ poor psychometric reputation. In this study, a best 

effort was made to use item analyses from previous semesters to create a question set that 

was as stable as possible, but my experience tells me that such a level of scrutiny cannot 

be considered common practice among busy faculty members in disciplines outside 

colleges of education. Indeed, I have been in workshops where the practice of item 

analysis is a revelation for many faculty who have been teaching for years.  

 The second reason the caveat of constant difficulty is important has to do with the 

incremental nature of some disciplines.  The course in this study was a survey course, so 

the content covered by each exam did not necessarily build upon a foundation of 

understanding from previous content. This is clearly a different kind of content than 

would be covered in many math or science courses, in which a firm grasp of content early 

in the course is required to understand content later in the course. 

 Given constant difficulty, the findings of this study do suggest that students can more 

accurately assess each other's levels of expertise over time, in a team-based testing 

situation. While these data can be argued to document that effect, they fall short of 
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explaining it.  Specifically, the present study cannot tell us whether this effect is a result 

of the immediate feedback mechanism which TBL practitioners claim. Fink (2004, pp.15-

16) claims that:  

"when the teams receive immediate feedback on individual and team performance, 

they instinctively and inevitably engage in an analysis of what went wrong when 

they still have a clear enough recollection of their experience to make the necessary 

corrections. . . Thus, in most cases, providing immediate feedback is all that is 

required to quickly and effectively improve the quality of their learning and 

performance.”   

 The present study did not have varying feedback timing conditions and therefore 

cannot address questions of whether it is the immediate feedback mechanism in TBL 

which stimulates this increasing familiarity with team mates' abilities or if the effect is 

due to something else. Furthermore, this study cannot tell us whether this effect is unique 

to TBL or if it would occur in other kinds of collaborative learning settings with a similar 

population.  

 

The role of extraversion 

 None of the hypotheses regarding extraversion's interaction with calibration 

measures were confirmed.  Extraversion did not interact with time upon any other 

measure. Neither the overconfidence among extraverts observed by Schaefer, et al. 

(2004), nor extraverts' unresponsiveness to feedback observed by Koole, at al. (2001), 

nor the tendency described by Driskell, et al. (2006) for extraverts to be “more accurate 
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in ‘reading’ others with whom they are interacting” (p. 253) necessarily come to bear in a 

postsecondary, team-based testing setting. 

 The only significant finding related to extraversion was a surprise: introverts' 

reputations were significantly more accurate than extraverts on every test. This runs 

counter to the spirit of my hypotheses, which was that extravert's "talkativeness" would 

lead them to provide others with relatively more information upon which others could 

base performance estimates.  In fact, the data suggest that the opposite may be true:  since 

introverts speak less often and more carefully, perhaps there is more signal and less noise 

in their speech when they do talk—thereby enabling others to more accurately detect 

their true level of expertise.  

 

Limitations 

 Some important limitations of this study have already been discussed, most notably 

the important role of test difficulty in this study's developmental findings, and how 

realistic it is to expect a constant level of difficulty in teacher-made tests across different 

kinds of content.  Additional limitations can be organized into three categories: 

difficulties stemming from the classroom setting, the kinds of data collected, and 

constraints on inferences one may make about how well students might use perceptions 

of each others’ expertise (regardless accuracy) in their pursuit of constructing zones of 

proximal development with one team mate or another. 

 These data were taken from a single class, and sample size is the most obvious and 

significant limitation in this study.  Starting out with a group of only 49 subjects which 
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listwise case removal reduced to 34 for many analyses and—in the case of perceived 

collective efficacy, 29—clearly created a condition in which I was looking for statistical 

effects through a mathematical pinhole.  Similarly, the tests students took consisted of 

teacher-made questions which were not written to produce a normal, bell-shaped 

distribution: "grading on a curve" is not the culture of the department or college in which 

the study took place.  While criterion-reference grading (as opposed to norm-referenced 

or "curve" grading) is a common practice, it leads to statistical difficulties in the 

restriction of range it can produce in student scores. Nietfeldt, Cao and Osborne (2005) 

noted that classroom research is important in pursuit of "ecological validity" to better 

inform instructional practice, but the researcher pays a price for that kind of validity.  In 

this case, the self-selection of the students and nature of the course content limit the 

extent to which these conclusions can be generalized outside of survey courses in 

colleges of education at American research universities.  

 A second set of limitations has to do with the kinds of data collected, and limitations 

which manifested in at least two ways.  First, the research literature shows that 

metacognitive monitoring accuracy has been measured in different ways, yielding 

different results.  Illustrative of these effects are Nietfeld et al.'s (2005) findings that good 

students were better than poor students at postdicting their performance locally (item-by-

item) whereas global (whole-test) predictions did not vary significantly between the two 

groups in their study.  The present study only gathered global, post-dicted data and 

therefore can make no claim to have exhausted this line of inquiry.  Second, the present 

study took no measurements of student confidence in their individual answers so "lucky 
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guesses" are therefore mixed in among actual correct answers in measurements of 

students' overall performance.  How this lack of confidence data may influence our 

interpretation of team performance is also unknown, but may be important. Van Swol and 

Sniezek (2005) explored the differential influence upon judges’ decisions of five 

variables: trust in the advisor, advisor’s expressed confidence, advisor accuracy, judge’s 

prior relationship with the advisor, and the judge’s power to reward the advisor. They 

found that the only variable among these five that significantly predicted judges’ actual 

use of advice was the advisor’s expressed confidence. 

 Finally, identifying a given team mate’s level of expertise does not necessarily mean 

that a student will put that knowledge to its best use, and several studies offer findings in 

support of this caveat. First, Bauman and Bonner (2003) found that even when all 

members of a group recognized their highest-performing member, they only deferred to 

that member 62% of the time. Second, Hollingshead (1996) found that mixed-status 

groups (two freshmen and one senior) made poorer decisions than groups in which all 

members were of the same status (all freshmen), arguing for status as an important 

potential confound. Finally, Harvey, Harries and Fischer (2000) found that subjects in a 

JAS experiment were better at assessing the quality of advice than actually using it. In 

their study, sequential regressions showed that—despite subjects’ more-accurate reports 

of perceived advice quality—the variance accounted for by that advice in subjects’ final 

decisions showed subjects still discounting it in preference to their own initial position.  

 

 

82 



 

Future Research 

 This study contributes to the body of knowledge accumulating around student 

metacognitive accuracy and extends that research from intra-personal reflection into the 

domain of inter-personal perceptions.  However, additional studies are clearly needed to 

help contextualize and inform the current findings in at least three ways. 

First, simple replication of the present study should be conducted in incrementally 

more-distant contexts from that of the present study, beginning with a repetition using the 

same teacher and the same course.  This initial replication would determine whether 

findings hold across different semesters and increase the number of participants, thereby 

increasing the power of statistical tests, which was the most important limitation of this 

study. After this initial repetition, expanding the repetition into classrooms of different 

teachers and different subject matter would further help determine which findings were 

stable across different kinds of instructional relationships and disciplinary boundaries.  

Second, the important role of test difficulty in the findings of the current study 

suggests that experimental research should be undertaken to determine the features of its 

role in the history of TBL groups.  In this study, tests with different levels of difficulty 

came at the end of the semester and average performance on them differed by about one 

letter grade.  The participants in this study had three similarly difficult tests upon which 

to calibrate to one another before this surprise hit them.  If test difficulty turns out to have 

a predictably destabilizing effect on TBL students' ability estimate each other's abilities, 

are there increments of test difficulty for which students can navigate with more or less 

error than others?  Are there ways that students can be prepared for more difficult tests 
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such that they can still benefit from their shared history as a team?  These are not easy 

questions to design experiments to answer, but it seems like a fertile direction to pursue. 

Third, the influence of reputation can inform the assumptions about one's team 

mates that one brings to the beginning of a discussion. Once that discussion begins, 

however, it is the communication skills of the people involved that enable the team as a 

whole to effectively draw on the resources of its members or not. Therefore, an important 

program of companion research is necessary to investigate what happens once discussion 

begins, and what else TBL students learn to consider as important about what is said and 

how it is said, beyond the past performance of who it is that says it. 

 

General Conclusion 

 The purpose of this study was to investigate whether students on permanent teams 

taking repeated team-based tests can bring to their team discussions increasingly accurate 

assumptions about their team mates' levels of expertise.  The ability to estimate the 

expertise of one's self and one's team mates is important in team-based testing because it 

informs which position one may try to assume in zones of proximal development as they 

arise is discussion as the team pursues consensus.  Simply put, if I can accurately judge 

how well we each know the content, then I can make more effective decisions about 

whom I should try to learn from and whom I should try to teach. Team-based learning 

practitioners claim this effect does occur over time and it is the pillar upon which they 

build their argument about the instructional value of "groups" transforming into "teams." 
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 The findings of the present study give us encouragement and a warning. They are 

encouraging because they appear to support what Team-Based Learning instructors say 

they see happening in their classrooms. However, they also warn us about the importance 

of attending to what item analyses tell us about the quality and consistency of the 

multiple-choice exams we use—a practice that experience tells me is not as widespread 

or thorough as it should be at the college level, especially given Notar, et al.'s (2004) 

observation of the poor psychometric properties of many teacher-made tests. Although it 

is true that careful review of the item analyses of one's test questions is widely considered 

best practice, it is also true that postsecondary faculty members operate within schedules 

and reward systems that do not often encourage this kind of conscientious follow-through 

in one's teaching practice. The findings of this study provide an additional argument for 

the importance of diligence in that habit, especially in Team-Based Testing situations. 
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APPENDIX A:  
SYLLABUS FOR COGNITION, HUMAN LEARNING, AND MOTIVATION 

 
Unique-------------  Class Time: -------------------------  Class Room: ---------- 
 
Instructor  Office and Hours   E-mail    Phone   
-------------------------------------------------------------------------------------------------- 
 
Teaching Assistant Office and Hours   E-mail    Phone   
--------------------------------------------------------------------------------------------------------- 
 

Text 
 

Ormrod, J. E. (2008). Human learning (5th ed.). Upper Saddle River, NJ: Pearson 
Education, Inc. 
 

Policy on Instructional Modifications in the College of Education 
 

Students who have a documented disability (physical or cognitive) that may impair their 
ability to complete assignments or otherwise satisfy course criteria are encouraged to 
meet with the course instructor to identify, discuss, and document any feasible 
instructional modifications or accommodations. They must notify the instructor no later 
than the end of the second week of the semester/term in which the course is offered. 
Students should contact the Services for Students with Disabilities area of the Office of 
the Dean of Students at 471-6259 to request an official letter outlining authorized 
accommodations. 
 

What I Want for this Course 
 

When you leave this course I want you to be able to do some things better than you could 
do them in January. First, I want you to be able to identify ways to help students to 
become better and more motivated learners. Second, I hope you become a more effective 
and efficient learner. And third, I hope that your experience with team-based learning 
will enable you to work more effectively with others. Throughout the semester I will ask 
for your feedback to see if we are continuing to move toward achieving these goals. 
 

Course Objectives 
 
This is an introductory course on the psychology of human learning. Theories of 
cognition, learning, and motivation are studied with an emphasis on classroom 
applications. The course is organized into six learning units, each of which has a skill-
based learning goal. In order the units are: 
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1. Promoting desirable behavior using principles of reinforcement, punishment, 
and social cognitive theory 

2. Improving memory using principles of cognitive psychology 
3. Facilitating storage using principles of cognitive psychology 
4. Facilitating retrieval using principles of cognitive psychology 
5. Improving learning using social interactions and motivation 
6. Increasing motivation using principles of motivation theory 

 
 Quizzes 

 
There will be six 30-item multiple-choice quizzes.  Each quiz will cover material 
presented in the assigned readings and lectures. Quizzes will first be taken individually 
(without the help of others) and then again in teams. You will take the individual quizzes 
during the first 35 minutes of class. At the end of the 35 minutes, students will assemble 
in their teams and take the same quiz again. The team quiz will last for 40 minutes. 
Students may receive bonus points if their team scores higher than other teams. For 
example, if a team scores higher on a quiz than all other teams, each individual from that 
team will receive three points added to their individual score. So, if a student scores 22 
and the team scores higher than all other teams, then that student receives a 25 for the 
overall score. 2nd place teams receive 2 points, 3rd place teams receive 1 point. If teams 
tie, they get equal points. Thus, a student may receive up to 18 extra credit points on 
quizzes. 
 

Appeals 
 

If your team feels strongly about the correctness of an item that they missed, the team 
may submit a written appeal to the instructor. This appeal process must occur 
immediately following a quiz. Only teams, not individuals, may write appeals. Only 
teams that write successful appeals get points for that appeal, even if another team missed 
the same question(s). Appeals are not simply an opportunity to dig for more points. 
Rather, they are an opportunity for teams to make scholarly arguments for their collective 
positions. All arguments must be supported by evidence from the text or lecture notes. If 
the appeal is based on an ambiguously phrased question, the team must suggest wording 
that is less ambiguous. The decision to grant or refuse an appeal will be made by the 
instructor after class via e-mail. Appeals must be written on paper. The following is an 
example of a successful appeal: 
 

Argument: “We feel that A, rather than B, should be the correct answer to question 15.” 
 

Evidence:  “According to the textbook, on page 317 it says ‘when teachers increase 
their wait time by allowing at least three seconds to elapse…we see changes 
in student behavior.” One of those behaviors listed is better classroom 
performance. 
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Missed Quizzes Policy 
 
Students are allowed to make-up one quiz without providing the TA sufficient warning 
(i.e., at least a few days). Students who know they will miss a quiz may arrange with the 
TA to take one quiz early. Thus, only two quizzes may be taken outside of the regularly 
scheduled time. Students who take make-up quizzes do not receive team extra credit 
points. 
 

Team Presentations 
 

Your team will present to the class for 15 minutes. The topic of your presentation is 
flexible (should be something related to content of this course), as is the format. Your 
team may earn up to 60 points for the presentation. 
 

Notes and Quiz Questions Assignments 
 

You may receive up to 60 points (10 points each for each unit) by preparing a set of notes 
and two possible quiz questions over each of the assigned chapters for each unit. The 
notes may take the form of graphic organizers or any other that you feel may be effective 
for learning the material. Each assignment involves doing something individually to share 
with your team the night before and then as a team the next day in class. You will post a 
PowerPoint file to the class group page (communication: group pages) by 11:30 a.m. on 
the class day.  We will look at your file as a class and points will be awarded based on the 
quality of your notes and questions compared to the other teams. 
 

Professionalism Feedback 
 
In this class, you will become a learning professional.  What's a learning professional?  
It's a lawyer, writer, physician, athlete, engineer, and a teacher, too.  Those are all 
professions in which learning effectively and efficiently and helping others to do this are 
at the very CORE of the profession.  In fact, you show me a profession that doesn't have 
continued learning at its core and I'll show you a profession that is about to be replaced 
by software, if it hasn't already.  
  
So in this class, professionalism is very important.  In the professional world, your life is 
influenced by three things:  your own effort, the effort of the people you depend upon, 
and the way you work together, which is why I have chosen the team-based learning 
system which values all three of those things. 
 
Three times during the course you will provide professionalism feedback to each member 
of your team. The feedback should reflect your judgment of such things as: 
 
 Preparation – were they prepared when they came to class? 
 Contribution – did they contribute productively to the team discussion and work? 
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 Respect for others’ ideas – did they encourage others to contribute their ideas? 
 Flexibility – were they flexible when disagreements occurred? 
 
It is important to provide positive feedback to people who truly worked hard for the good 
of the team and to also make suggestions to those you perceived not to be working as 
effectively on team tasks. I will refer to the feedback a student has received from team 
members in those situations where the student is a few points (3 or less) short of a letter 
grade. Improvement as a team member and/or sustained good work may convince me to 
show mercy to students who barely miss the cutoffs. You will also evaluate me as the 
instructor three times during the semester. 
 

Grading 
 
Your overall course grade will be determined by the number of points you obtain. 

 
A 270-300 B 240-269 C 210-239 D 180-209 
F Less than 180 
 

Extra Credit 
 

There are 19 possible extra credit points that you may receive in this class (including one 
for visiting the instructor during office hours before February 5).  No other extra credit is 
allowed. 
 
Topic       Date    Reading    
Introduction     January 15 
 
Practice Quiz    January 17   Syllabus 
    
Lecture      January 22, 24  Chapters 5-6 
 
Assignment 1    January 29    
 
Quiz 1      January 31 
 
Lecture      February 5, 7   Chapters 7-8 
 
Assignment 2    February 12   
 
Quiz 2      February 14 
 
Lecture      February 19, 21  Chapters 9-10 
 
Assignment 3    February 26    
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Quiz 3      February 28 
 
Lecture       March 4, 6   Chapters 12,14 
 
MARCH 10 -15 SPRING BREAK 
 
Assignment 4    March 18 
 
Quiz 4      March 20 
 
Lecture      April 1, 3   Chapters 15-16 
 
Assignment 5    April 8 
 
Quiz 5      April 10 
 
Lecture      April 15    Chapter 11 
 
Last Lecture     April 17 
 
Assignment 6    April 22 
 
Quiz 6       April 24 
 
Presentations     April 29, May 1       
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APPENDIX B:  THE BIG FIVE INVENTORY (BFI) 
 

Here are a number of characteristics that may or may not apply to you. For example, do you 
agree that you are someone who likes to spend time with others?  Please write a number next 
to each statement to indicate the extent to which you agree or disagree with that statement. 

 
1 

Disagree 
Strongly 

2 
Disagree 

a little 

3 
Neither agree 
nor disagree 

4 
Agree 
a little 

5 
Agree 

strongly 
 

I am someone who… 
1. ___  Is talkative 

2. ___  Tends to find fault with others 

3. ___  Does a thorough job 

4. ___  Is depressed, blue 

5. ___  Is original, comes up with new ideas 

6. ___  Is reserved 

7. ___  Is helpful and unselfish with others 

8. ___  Can be somewhat careless 

9. ___  Is relaxed, handles stress well.  

10. ___  Is curious about many different things 

11. ___  Is full of energy 

12. ___  Starts quarrels with others 

13. ___  Is a reliable worker 

14. ___  Can be tense 

15. ___  Is ingenious, a deep thinker 

16. ___  Generates a lot of enthusiasm 

17. ___  Has a forgiving nature 

18. ___  Tends to be disorganized 

19. ___  Worries a lot 

20. ___  Has an active imagination 

21. ___  Tends to be quiet 

22. ___  Is generally trusting 

23. ___  Tends to be lazy 

24. ___  Is emotionally stable, not easily upset 

25. ___  Is inventive 

26. ___  Has an assertive personality 

27. ___  Can be cold and aloof 

28. ___  Perseveres until the task is finished 

29. ___  Can be moody 

30. ___  Values artistic, aesthetic experiences 

31. ___  Is sometimes shy, inhibited 

32. ___  Is considerate and kind to almost  

 everyone 

33. ___  Does things efficiently 

34. ___  Remains calm in tense situations 

35. ___  Prefers work that is routine 

36. ___  Is outgoing, sociable 

37. ___  Is sometimes rude to others 

38. ___  Makes plans and follows through with  

 them 

39. ___  Gets nervous easily 

40. ___  Likes to reflect, play with ideas 

41. ___  Has few artistic interests 

42. ___  Likes to cooperate with others 

43. ___  Is easily distracted 

44. ___  Is sophisticated in art, music, or  

  literature



 

APPENDIX C: STUDENT PERFORMANCE “PREDICTION SHEET” 
 

 
Name_________________________________ 

 
 
 

 
 
On this test, I predict that I answered _______ out of 30 questions correctly. 
 
 
 
 
I predict my team mates will each answer the following number of questions correctly: 
 
 
 
Bob Smith:  _____________  /  30 
 
 
Mary Jones:  _____________  /  30 
 
 
Sally Holmes: _____________  /  30 
 
 
Harry Truman: _____________  /  30 
 
 
Peter Rabbit:  _____________  /  30 
 
 
Eddie Veder:  _____________  /  30 
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