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Carmichael (2009) reported that team-based learning enhances individual performance in an
introductory biology course. He also found that teams perform significantly better on quizzes and
exams than even the students, on the teams, whose individual performances on the same quizzes
and exams were the highest of all team members. Such findings are consistent with a growing litera-
ture showing that teams out perform every member of the teams on quizzes and exams (Michaelsen
et al., 2004; Nieder et al., 2005; Vasan et al., 2008, 2009; Chung et al., 2009; Wiener et al., 2009).
Furthermore, all team members likely contribute to team performances on exams (Van Winkle
et al,, 2011). Team performances on quizzes and exams are usually about 10% higher on average
than scores of the top team members. For these reasons, it is probably fair for all team members to
receive the same scores on team exams, as also concluded by Carmichael (2009).

What should we conclude, however, when team performances greatly exceed those of individual
members of the team? We encountered such a team in an introductory biology course at Arapahoe
Community College (Colorado) in the fall semester of 2016. The three members of this team aver-
aged 38, 39, and 65% on six quizzes (percent of multiple choice questions answered correctly) when
team-based learning was introduced in the course over the second half of the semester. In the team-
based learning setting, students complete quizzes/exams as teams, immediately after they finish the
same quizzes/exams as individuals. The team highlighted here, however, averaged 91% for the same
quizzes on which they had just performed rather poorly as individuals.

Estimates of effect size (ES) are useful ways to determine the magnitude and importance of such
differences. One estimate of ES is the Pearson correlation coefficient (r), which can be calculated
from the ¢ statistic (Rosenthal and Rubin, 1982; Hojat and Xu, 2004). In the present case, a ¢-test
was performed by first calculating the population of differences between the team performances on
each of the six quizzes and the best individual performances by a team member. These six differences
were then used in a paired t-test to calculate the value of the ¢ statistic (GraphPad Prism 5 Software,
Inc., La Jolla, CA, USA), which was highly statistically significant (p = 0.002). Moreover, the ES, for
this better performance by the team than their best individual, was of crucial practical importance
(r = 0.93) (Hojat and Xu, 2004). That is, the ES was statistically equivalent for finding a drug that
lowers the death rate from 96.5 to 3.5% (Rosenthal and Rubin, 1982). When only three quizzes, that
all three members failed (i.e., scores of 56% or lower), are considered, the ES was 0.98 (p = 0.02). In
the latter case, the average individual performances were 37, 40, and 50%, whereas the team scores
averaged 85%.

How does one reconcile team learning in the middle of the “B” range for most colleges in the USA,
while team members fail the same quizzes rather badly? Do individual performances reflect failed
learning in this case, or did students collectively really learn quite a bit? All three students on this
team were struggling to earn a “C” in the course, so it is unlikely that they divided up the work
to study for the team quizzes when their individual scores would have surely suffered. Moreover,
there was no easy way for them to cheat, and their discussions while answering questions on the
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team quizzes were much more highly animated than other teams
in the course. In fact, this team always finished their work on
team quizzes at least 5 min after all of the other teams completed
the quizzes.

In addition, a better representation of learning might be to
include partial credit when a team answers a multiple choice
question correctly on their second or even third attempt. In this
case, the team discussed above averaged 96% on all six quizzes
and 92% on the three quizzes that all three members failed
as individuals. Furthermore, the overall performance by this team
could not be distinguished, on statistical grounds, from another
top team whose membership included the only “A” student in the
class of 24 students. Opportunities for students to earn partial
credit in this way have also been linked to increased learning and
retention of course material (Epstein et al., 2002, 2003; Cortright
et al., 2003; Dihoff et al., 2003, 2005; Cotner et al., 2008).

In the end, the performances of this and similar teams raise
questions I find impossible to answer adequately. Our culture in
the USA has taught us that if individual students earn 90s on their
quizzes and exams, they deserve grades of As for their efforts. Does
this dogma also apply to the performances of teams of students?
If teams of students earn 90s on their team quizzes and exams, do
they also deserve As for their work, even or especially when their
individual scores are very low? Are we reluctant to disregard their
individual scores and award them As for such efforts, because
we cannot submit grades for teams? Or is it because we value
measures of individual learning highly, because of our cultural
indoctrination? We have no such indoctrination to guide us when
it comes to high team performances, in the face of otherwise poor
performances by individual members of the teams.

In this regard, it is worth addressing one additional bias about
the team discussed above. I decided half way through the biology
course to switch to a team-based learning format in the time
designated for lecture, because I was disappointed in students’
performances on lecture exams during the first half of the course.
I had used team-based learning in previous courses to improve
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