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1. Introduction

As educators in collegiate mathematics, we find ourselves at a crossroads in the devel-
opment of modern pedagogy. I have found in my classrooms that today’s student body
includes a significant segment of learners, previously absent from higher education, who
do not respond well to traditional lecture-based teaching methods. Current research into
lecturing as a pedagogy, while not unequivocal, does provide evidence that alternate ped-
agogies can help us address this problem ([1–7], and many others). On the other hand,
we do not seem, as a community, to have found a widely applicable alternative approach.
While active learning methods do exist for the collegiate classroom, most do not seem
to be geared towards the study of mathematics and other quantitative sciences. Current
presentations on collegiate mathematics education tend to focus only on single activi-
ties that can at best engage students on a particular topic for one classroom session. A
more holistic approach is required in order to bring active learning into the mathematics
classroom in a systemic fashion.

We face many challenges in this task. At my institution, lower level and core mathe-
matics courses have failure rates among the highest of any department at the university.
Students are reluctant to actively engage with course material, and do not enter their
university careers with effective study habits or time management skills. Attendance in
lectures sometimes dwindles to as little as half to two-thirds of the students enrolled.
Many students will never open a textbook for a mathematics course, except perhaps to
seek out assigned homework problems. At the same time, student population keeps grow-
ing at a rate far out of step with faculty growth, meaning that classroom sizes grow larger
each year. For me, traditional lectures, while perfectly adequate in some circumstances
and for some students, cannot effectively handle these problems. (One could argue that
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a strong defense of lectures is their ability to scale to very large classroom sizes. My
response is that they do not do so effectively, given the unacceptably large failure rate
across these courses at my university. See Section 2.)

Any active learning approach that I adopt must, therefore, accomplish three major
tasks. First, the classroom methods must engage with weak students so that students
who historically would have failed or withdrawn from mathematics courses can instead
pass the class. Second, students must become more self-directed and effective learners,
developing study skills and good habits like reading the course text, coming to class, and
spending an adequate amount of time on homework. Third, the pedagogical method in
question must carry the promise of scaling effectively to large course sizes.

The solution that I attempted beginning in the fall term of 2012 was a modified version
of the system known as team-based learning (TBL). TBL is a research-based pedagogy
developed by Larry Michaelsen and other instructors over approximately the last 30 years.
A reasonably comprehensive introduction can be found in [8]. TBL is not a teaching
technique or trick; rather, it is a systemic approach to teaching that is intentionally
designed with the end learning goals of the course in mind. I will show below that TBL
has the potential to effectively address the issues discussed above.

In this paper, I discuss the application of TBL in three mid-sized sections of linear
algebra in the 2012–2013 school year. Linear algebra at my institution is a sophomore-
level course aimed primarily at students who major in mathematics (about 15% of the
students in the course), computer science, and various engineering disciplines, although
many other STEM majors take the course as well. The course is generally taught as a
skills-based course with a grounding in mathematical theory. I decided on this course for
my first test run of TBL for two reasons. First, the methods of TBL seemed appropriate
to the mix of skills and theory inherent in the course syllabus. My introduction to TBL
led me to believe that the approach would be most effective in courses where there was a
lot of room for discussion of the content, instead of courses based entirely on development
and practice of skills. Second, the classroom size, 55-60 students, did not seem like too
much to handle on a first attempt. This is a decision based entirely on my own comfort
level as a first-time adopter of an active learning pedagogy.

In this paper, I first explain the usual format for TBL, and then discuss the modifica-
tions that I felt were needed for the mathematics classroom. I then discuss the results
from the first year of TBL use, comparing these results to previous sections of the same
class, in which I had used a standard lecture approach.

2. Empirical controls

Before presenting TBL and its modifications, I will present a digest of the methods I
used in linear algebra courses previous to my exposure to TBL. The main feature of these
courses was the lecture. Classes would meet two or three times a week, for a total of 150
minutes weekly. Almost all class time would consist of lecture. Although students were
encouraged to read the course text before class, in reality this lecture would be the first
exposure to course material for most students. Lectures, therefore, would closely follow
the presentation of material given in the book, generally with additional explanation
and examples. Students were given weekly homework assignments consisting of problems
taken from the text, and the course would be punctuated approximately every other
week with an in-class quiz or examination. Students would be tutored on an individual
basis, at their request, during office hours outside of class. Most readers will find this
model to be a fairly standard treatment of the mathematics classroom.

Standard, also, is the student reaction and learning outcomes, given this pedagogical
approach. Students were generally bored or sleepy in class (even given that I have histor-
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ically been thought of as a very good and highly rated lecturer). With a few exceptions,
students would often be non-participatory in class despite prompting for discussion, ques-
tions, and so on. Learning outcomes were uninspiring; the proportion of the class that
could be expected to pass with a grade of ‘C’ or better was usually 60%-70% of the total
student population, or worse (see Section 5). These sorts of results are typical at my
university across all core mathematics courses at the 100-level and 200-level.

It should be noted that even with the adoption of active learning techniques in the
classroom as detailed below, there still persists a basic cycle of information exposure
– homework – tutorial throughout the course. Under traditional methods, information
exposure generally takes place in the classroom, homework takes place at home, and tu-
torial takes place at the student’s option. Under active learning approaches, information
exposure can be partially moved outside of the classroom, making room for more tutorial
inside the classroom, and in particular, forcing the student to undergo more tutorial than
they might otherwise elect. That being said, although it is not a focus in the discussion
below, even under TBL students still have weekly homework assignments, and still have
the option to attend extra tutoring sessions outside of the classroom.

3. Team-based learning

The standard approach to TBL consists of four components: persistent teams that last
throughout the term; a readiness assurance process (RAP) that ensures that students
have their initial exposure to course material outside of class time; team application
activities that follow the ‘Four S’s’ (see below); and a peer review process to help ensure
that team members work together effectively. The interplay of these four components
creates a positive and active classroom environment in which students work together to
succeed in course goals and improve themselves as learners.

The first component is persistent teams. According to the TBL literature ([8], [9], for
instance), each team should consist of between five and seven students. Teams should be
sized large enough to accomplish significant tasks that would be taxing for individuals.
At the same time, teams should not be so large that they naturally split into subgroups
or cliques within teams. Teams should also persist throughout the term, to maximize
the development of synergy within each team. The research shows that a team takes as
much as 15-25 hours of contact time to ‘gel’ and learn to work as a unit. Since TBL
teams are only required to meet in the classroom itself, it can take as much as half the
term for team members to learn to work well together. Finally, teams should be created
in a way that ensures as much as possible that each team will have students of varying
backgrounds, abilities, experience levels, and areas of interest.

The second component is called the RAP. The course is divided into several units
of course material, usually about two or three weeks long for each unit. For each unit,
students begin by reading relevant texts and materials outside of class. The students
then take an individual readiness assessment test (iRAT), which is generally a multiple
choice quiz on the reading. This is done before the material has been presented in class.
The iRAT is followed by a team readiness assessment test (tRAT), which is the same
exact quiz, only taken in teams instead of individually. The tRAT should have immediate
feedback so that students will know whether or not they are understanding the material.
After taking the tRAT, teams are given the opportunity to appeal missed questions
that the teams feel were missed due to ambiguity in the question design instead of
misunderstanding on the students’ part. The difficulty of questions on the RAP should
be enough to force the student to engage with the material on some level, but should not
represent mastery of the concepts involved. The RAP should be followed up with short
clarifying lectures.
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Figure 1. From [8], p. 11

The bulk of class time is spent in the third component of TBL, team application
activities. The teams are presented with various tasks, and work on these tasks together
in class. Well-designed activities should follow the ‘Four S’s’: (1) Significant problem:
activities should give teams the opportunity to use course concepts in a significant way,
both in degree and meaning. (2) Specific choice: team activities work best when they
culminate in a discrete choice of a course of action. For instance, a team could be given
a medical case study in which they must select the best course of action for treatment of
a patient, choosing from a list of plausible choices. (3) Same problem: teams should each
be given the same activity to work on. Different teams should not have different tasks.
(4) Simultaneous reporting: teams should all report on their results at the same time.
The last two points are to ensure that all teams remain engaged at all times. Students
will be more interested in reviewing activities that they have personally worked on.

Although it is not a specific component of TBL, each unit of material will generally
culminate in some sort of quiz or examination. Whether these will be given individually
or in teams will depend on the instructor and the course goals. This structure is designed
so that for each unit of material, students will alternate between working at home and in
class, until concept mastery is achieved. Students are first exposed to concepts in reading.
Then they engage with the material through the RAP process. At home, they work on
assigned homework exercises. They then go to class and have further team activities.
After further home study, they are given an in-class examination. This tiered system
ensures that students have a balanced schedule of study at home and active learning in
the classroom (see Figure 1).

Common student complaints about teamwork tend to focus on the idea that different
team members may contribute disparately to the team. Often, students feel as though
some members generally lead their teams and teach everybody else, while other members
might slack off or not even show up regularly to class. These complaints are mitigated by
the fourth major component of TBL, peer review. Each student has the opportunity at
the end of the term to rate his or her teammates on their individual level of contribution
to the team. These reviews affect team members’ grades in some significant fashion. This
process ensures that a student’s performance (or lack thereof) in the group influences
their grade in a significant way. In effect, the peer pressure created by this situation can
do what even the most dedicated instructors cannot do directly: encourage weak students
to work harder.
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4. Adaptations

While TBL sounds great on paper, it faces significant challenges for use in the math-
ematics classroom. Chief among these obstructions is the fact that the course material
for most mathematics classes does not lend itself to division into two- or three-week
long units. Mathematics students simply cannot be expected to front-load their reading
in that manner. Usually, the material learned on day two relies heavily on a working
understanding of the material learned on day one. Therefore, more frequent RAPs be-
come necessary – but of course, this change heavily informs the rest of the course design.
Below, I detail the major adaptations that were necessary in order to use TBL for my
linear algebra courses.

As stated above, the first and the most major change was the need for more frequent
RAPs. In Fall 2012, the course met twice a week, and each meeting was 75 minutes
long. We had a team quiz or individual test approximately once every two weeks. On
every day that there was not a quiz or test, we started with a RAP. Therefore, the class
schedule ran as follows. For almost every class meeting, students were responsible for a
reading, generally one section of the text (occasionally two). Each reading was followed
by an individual Readiness Assessment Test (iRAT). Each iRAT consisted of five multiple
choice questions that were administered online. The iRAT was due two hours before class,
so that the student would have ample time to digest the material before class. Students
were given only one attempt on iRATs and were not provided with score feedback, as
this would defeat the purpose of the team Readiness Assessment Test (tRAT). Upon
coming to class, students would sit in teams and be given the same five question quiz as
a tRAT. Students were allowed to bring in iRAT scratch work to try to make their cases
for various answers to their teammates. Each question was worth four points; teams were
allowed to ‘wager’ points on various answers if they were unsure of the correct answer.

As iRATs were done before class, they did not act as a drain on contact time. tRATs
would usually take up approximately the first 10 minutes of each class session. The
remaining class time was an organic mixture of tRAT answer review and application
activities. The tRAT would be used as a launching board for discussion of concepts from
the reading. Short clarifying lectures were given as necessary – teams were given an
opportunity to ask for clarifying lectures on their tRAT submission sheets. As related
problems and skills came up, teams were given activities that they could work on for a
few minutes so that they would have in-class exposure to difficult issues that were not
evident from the reading. Therefore, that teams could report simultaneously on tRAT
answers and team activities; each team was given five large coloured cards printed with
the letters A through E. In any multiple choice situation, each team could hold up their
card when given a signal. The array of answers for a given question could often be used
as a start point for a discussion of the question.

As the course structure emphasized the RAP component of TBL, it was necessary to
downplay parts of the ‘Four S’ team activities, in the following sense. As linear algebra
is at heart a skill course, it was difficult to design activities that represented significant
problems. In fact, I often found an opposite approach to be more effective. I would often
present, as a team activity, a typical mathematical challenge, as could be expected on
homework or a test. I would then split the question into a few discrete parts. Part one
would generally be to determine what needed to be done to solve the problem. Part two
would be to run the corresponding calculations. Finally, part three would be for each
team to analyse its results to give a solution. While this approach did not allow teams
to tackle problems that were larger in scope than an individual could be expected to do
in class, it did still provide active engagement for students. It was, of course, not always
possible with this approach to provide teams with a specific choice of action, as team
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activities would often consist of a math problem considered for its own sake, not for
application to some conundrum. Still, I held to the tenets that teams should always work
on the same problem as each other, and report simultaneously on their work. It is also
worth noting that while these were not often appropriate in my linear algebra course,
many math instructors could use the tenet of ‘significant problems’, in that almost any
word or story problem (as would be used, for instance, in introductory calculus courses)
is essentially a real or significant problem.

As the scope of team activities was not as large as in standard TBL, it was also
necessary to decrease team sizes. Five to seven students would be too unwieldy for the
linear algebra classroom. Instead, teams started at four members each. After late course
adds and drops in the first two weeks of the term, teams stabilized generally between three
and four members each, with rare teams of five. These team sizes seemed appropriate
for the types of team activities in the course. In order to form teams on the first day of
class, students were lined up in the hallway by major, and then they counted off into
teams. Therefore, each team ended up with a wide array of areas of interest, and along
with that, a wide array of mathematical ability and proclivity. This particular team size
allowed another fun classroom technique: each team corresponded to a rank in a deck of
cards (Jacks, Aces, Twos, etc.), and each individual corresponded to a suit. Therefore, I
could draw a card from a deck to call on a random person. Since anyone could be called
on to explain a problem, teams took pains to make sure that all of their members could
explain their activity responses, to try to make sure that the team would not look bad
and lose face in front of the class. Students also appreciated the fact that I myself was
also represented in the deck of cards, as the joker, and could be called upon randomly
just like anybody else. (Although random calling is very much in the spirit of TBL, the
use of playing cards is a personal trick I learned at an unrelated teaching and learning
conference.)

Grading was handled in relatively standard TBL style. Each student’s overall grade
was split into two major components: the individual grade and the team grade. Individual
grades were composed of scores on homework, iRATs, individual examinations, and the
(individually administered) final examination. Team grades consisted of tRATs and team
quizzes. Each team was allowed to choose what relative weights their individual and team
scores would have in their overall grade. The team component was allowed to count for
15%, 20%, 25%, or 30% overall. Finally, each student rated his or her teammates in the
following fashion. Each person on a four-person team was given 29 points to distribute
to his or her teammates (19 points for a three-person team). Students did not rate
themselves; therefore, they had an uneven number of points, averaging about 10, to
distribute to their teammates. Each student’s average rating was reweighted so as not to
bias for number of team members, and then was used to weight his or her overall team
score. So, for instance, if a student had been rated by his or her team members to have
an average score of 8 out of 10, his or her team score would be multiplied by 80% before
being factored into his or her overall grade.

5. Results

The results in my inaugural uses of TBL were striking on many levels. I will discuss
the changes in classroom attitudes, the changes in overall grades, and the changes in
student performance. The comparison below is between five different sections of linear
algebra, all taught by me: Fall 2011 and Spring 2012, taught with traditional methods,
and then Fall 2012 and two sections in Spring 2013. Fall 2012 and Spring 2013 are the
‘test classes’ in which I first used TBL, with methods as described above in Section
3. Fall 2011 and Spring 2012 act here as empirical controls. Both control classes were
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taught using traditional lectures as detailed above under Section 2, with various methods
of homework collection, quizzes, and tests. All work submitted was done by individuals.
There was no teamwork in any official capacity, and little student involvement during
class time.

Further notes on comparability: all homework assignments were constant between
terms, and tests were of comparable difficulty between terms, with approximately one-
third of the points available on each examination going towards solid theory-based ques-
tions, and the rest of the points for more skill-based questions. The course covered ap-
proximately the same material each term, although two extra sections of the text were
covered in Fall 2011. In Spring 2012 and all TBL terms, students were given the oppor-
tunity to earn extra credit up to the value of a single homework assignment by reading
and doing homework exercises on those two extra sections.

The first and the most immediately noticeable change was the qualitative change in
classroom attitudes. Although I expected resistance from the students to the strange new
teaching techniques to which they were being subjected, such difficulties never material-
ized. Students were quick to buy into the idea of TBL, largely due to careful reinforcement
of the message that TBL was based on research, and that these classroom methods were
being adopted with the students’ learning outcomes in mind. It should be noted that
as active learning techniques have not found a large foothold at my institution, these
pedagogical approaches were entirely new for the grand majority of my students. In the
student feedback comments at the end of the term, only one student out of the 168 in the
treatment group complained about the nature of TBL (although, it should be noted that
this student did complain vehemently that I never taught him anything - an interesting
look into some of his implicit assumptions about teaching and learning). It was easy to
dismiss this complaint in light of its rarity, and the fact that this student passed the
class. Even some of the rare students who failed or withdrew told me in personal dis-
cussions that this failure stemmed from their own disengagement from the class, usually
due to outside factors. In fact, most of them enjoyed the class, and seemed to think that
they had done better under TBL than they would have in other circumstances (see the
discussion of grades, below).

In general, students in the TBL courses were engaged in classwork and had positive
attitudes towards the class and the course material. This should be contrasted with the
control courses, especially Fall 2011, in which students did not participate and seemed
generally bored. Students in the TBL course clearly enjoyed the class and developed
some positive learning habits as a result of the course structure.

One could ask about the attitudinal effects of TBL on those students who do not
flourish in group work situations. First, the professionals that these students will become
will not work in a vacuum; students must develop the skills necessary to work well in
collaborative situations in order to become competitive in today’s economy. I feel that it is
important for us, as educators, to strive towards such long-term educational goals for our
students. Secondly, somewhat surprisingly, and counter to my expectations before using
TBL, I have yet to actually observe such a student - or, at least, one who persisted in this
view for the entire term. Many students think that they work better alone, and I always
hear concerns from students (especially at the upper end of the performance spectrum)
who are convinced that working with a team will hamper them. These complaints always
dry up after a few weeks into the term, once the teams start to cohere and learn how
to work together. Usually, the most vocal complainants at the beginning of the term
become the most vocal celebrants of TBL once they experience how effective it is. It is
very gratifying as an instructor to hear from a previous student about the wonderful
study group they have formed, when once that student thought they worked the best
alone. This has been a common occurrence under TBL.
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Figure 2. Raw grade data

Figure 3. Comparison of percentages of grades earned

It should also be noted that from my point of view, the course was a lot more enjoyable
than a traditional lecture course. Instead of lecturing – essentially reading a book to the
students for two and a half hours a week – class time became a fun and engaging block
of time. Instead of a thick sheaf of lecture notes, the instructional preparation amounted
to a short list of highlights from each section of the text. Classes were much more fluid
and open than a traditional lecture. Although much more time had to be taken outside
of class (mostly for the writing of RAPs), this material only has to be developed for the
first use of TBL in a given course. After that, it is available for future terms.

The second and most gratifying difference was the change in grades. A word, first, on
grades and grade assignment methods. Firstly, I do not have access to records of students
who dropped in the first two weeks of the course without a ‘W’ grade on their transcript.
Therefore, all grade analyses are based on the student population who remained enrolled
after the late add deadline for each term (approximately two weeks into each term) – that
is, based on the students who at least intended to give a fair effort to their linear algebra
class. Secondly, a ‘C’ grade is required at our institution in order for the class to fulfil
any concentration requirements (course requirements for a student’s major). Therefore,
failure rates that I will refer to are the same as the ‘DFW rates’, that being the percentage
of students who earned a ‘D’, an ‘F’ (failure), or a ‘W’ (late withdrawal) in the course.
Finally, grades were generally assigned on approximately the standard scale of 90% = A,
80% = B, 70% = C, 60% = D, and an F for scores below 60%. There are no plus- or
minus modifiers given to letter grades at our institution.

Grade information is shown in Figures 2 and 3. Figure 2 shows a chart of the raw data
– how many students earned each grade in each class. Figure 3 shows this information
as a bar graph, showing the percentage of students that earned each grade in each class
(therefore controlling for the number of students in each class). It is evident that grades
were very low in Fall 2011. In particular, the failure rate is an extremely high 54.05%.
Spring 2012 is largely representative of the sort of grades that are generally seen in 100-
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Figure 4. Comparison of grades between teaching methods

level and 200-level mathematics courses at our institution. The failure rate is 41.07%,
which is common for these courses.

The grades earned in Fall 2012 with the use of TBL are a revelation. A third of the class
earned A’s, and another third earned B’s. Two students received D’s, and four withdrew.
Nobody failed. The DFW rate was an unheard-of 10.53%. It is worth noting that one of
the two D grades refused to do any homework or iRATs throughout the term, and still
earned a very low C on the final examination (a different student from the vehement
complainant mentioned above).

These trends continued in the two sections of linear algebra that I taught using TBL
in Spring 2013. An extraordinary half of the class in Spring 2013 (Section 1) earned an
A. Compare this with the half of the class that got a D, F, or W in Fall 2011. Section 2
had comparable grades overall to the Fall 2012 class. DFW rates were 9.43% for Section
1, and 10.34% for Section 2.

A simplified graph is provided in Figure 4, specifically contrasting the two teaching
methods. It shows the overall percentage of each grade earned across the traditional
sections of linear algebra (Fall 2011 and Spring 2012), and across the TBL sections of
linear algebra (Fall 2012 and both sections of Spring 2013).

It would be easy enough to dismiss these grade improvements as an artefact of the
strong influence of the team portion of the students’ overall grades, were it not for the
corresponding increase in performance on the final examination, which can be taken as
evidence for general student performance increases in the course. The data is shown in
Figures 5 and 6. Letter grades represent the standard 90%-80%-70% breakdown, with
an F representing a score of less than 60% on the final examination.

In the control terms (Fall 2011 and Spring 2012), scores on the final are grouped
relatively evenly across all categories. Both terms have a non-trivial number of students
who were enrolled for the entire term but did not attempt the final examination. In the
TBL terms (Fall 2012 and Spring 2013), these observations no longer hold. Everybody
attempted the final, and scores on the final were heavily stacked towards higher results.
When performance on the final is compared between the different classes, there are no
significant differences in performance between the two control terms. The TBL terms,
however, show large gains in overall performance, and a much tighter spread of data. In
particular, when looking at the data for all students who were enrolled at the time of the
final, there is an incredible 20% gain (approximately) on the mean final score between
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Figure 5. Comparison of scores on final examinations

Figure 6. Statistical data on final examinations

control and test terms.
We provide below in Figure 7, a simplified graph that contrasts the scores on the final

examinations between the two teaching methods.
I should address the question of the ‘testing effect’ – that with the addition under TBL

of such a large number of iRATs and tRATs to the course, students are tested much more
often, and that therefore the entire pedagogy could be interpreted as ‘teaching to the test’.
This is, of course, a valid concern. My answer to this point is that the style of questions on
iRATs and tRATs is radically different from those on quizzes and examinations. iRATs

Figure 7. Comparison of finals scores between teaching methods
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and tRATs are meant to enforce student reading before class. Questions on these tests are
not examination-level questions. Instead, they are just difficult enough to force students
to engage with the reading. (Preparing these questions is actually, for me, one of the most
difficult parts of a TBL course to prepare correctly, and success in such a course rests
heavily on structuring these questions correctly.) Questions on quizzes and examinations
are asked after students have been through one or more cycles of homework on any given
subject; therefore, these questions can be much more nuanced and in-depth than earlier
questions. Therefore, my belief is that test scores under TBL are improved not because
students have been asked examination-style questions more often than under a lecture-
based approach. Instead, I believe that the improvement on test scores is caused by the
fact that the course design under TBL forces the students to engage with the material
more heavily, more often, and with more care than under traditional teaching methods.

Statistical tests on the effect of TBL on student performance return results as follows.
First, a Welch twosample t-test between scores on the final examinations in control terms
(Fall 2011 and Spring 2012) and final examination scores in TBL terms (Fall 2012 and
Spring 2013) reports a highly statistically significant change. t is equal to −4.3795, and
d.f. = 131.148, with an extremely small p-value of 2.411 × 10−5. The TBL finals have a
mean that is higher by a value whose 95% confidence interval is [20.93328, 55.42387] out
of 200 points. A Pearson Chi-squared test for goodness of fit for the TBL letter grade
distribution versus the non-TBL letter grade distribution gives χ2 = 98.037, d.f. = 5,
and a vanishingly small p-value of less than 2.2× 10−16. Clearly, the results of the use of
TBL in these classes have produced extremely statistically significant results.

6. Conclusions

Clearly, careful use of TBL in mathematics classrooms can improve test performance and
grades. In addition, many students had positive comments about the overall experience,
and expounded on how they had improved their skills in studying and reading a math-
ematics text. To quote from a student course evaluation in Fall 2012: ‘The best part of
the course was the iRATs. I learn most effectively when I read the text, so being forced
to read helped me master the material’. Another student claimed that ‘The team-based
learning was effective. A lot of times if one of us didn’t know about a topic, one of the
others did. It forced us to create study groups where we may not have if it was a regular
class.’ Finally, ‘Using the iRAT/tRAT approach was effective at getting exposure to the
topics before class and getting any questions explained in lecture.’

In addition, I have heard anecdotal evidence that TBL was useful to my students after
my class was over. I spoke to one student two months after her TBL course had ended.
She told me that she had retained the habit of reading her math textbook before class,
and that it was making her next math class much easier to handle. As mentioned above,
I have heard from many students who learned to develop and work with study groups
from my TBL course, and have continued to do so in later classes. I have also started
to hear from other instructors that my former students liked my TBL course and want
TBL to be used in their other math courses.

Going forward, my next large research goal will be to adapt TBL for use in large (100+)
mathematics lectures. It will be interesting to see what adaptations will be necessary in
order to retain the effectiveness of TBL in larger courses.
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