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Abstract: In a business calculus course with lecture and discussion sections,

TAs ran half the discussion sections in the standard format and half in a group

work format. At the beginning and end of the semester, students completed

brief surveys indicating their confidence in their ability to perform mathemat-

ical procedures and their ability to learn new mathematics. The changes in

the reported learning self-efficacy of the students in the group work sections

correlated strongly with their final course grades, unlike in the standard sec-

tions. This suggests that while group work may not increase students learning

self-efficacy, it might improve the accuracy with which students perceive their

own abilities.
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1 BACKGROUND

The educational research literature defines self-efficacy as the belief that

one has the capability to achieve certain goals. The goals usually consid-

ered include learning particular material, obtaining a specific grade, or

gaining entry into a profession. Studies have shown that students self-

efficacy correlates with their learning and performance [5]. Particularly,

research has demonstrated that self-efficacy plays a key role in success in

mathematics [2]. Thus, the issue of improving self-efficacy has particu-

lar importance in the mathematics classroom. For this study, I focus on

students beliefs about their ability to learn and perform mathematics.

In his seminal paper [1], Bandura identified four major influences on

self-efficacy: performance accomplishments, vicarious learning, verbal
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persuasion, and emotional arousal. Performance accomplishments sim-

ply represent the fact that past successes increase student confidence in

future successes. By vicarious learning, Bandura means that a student

will gain confidence that s/he can perform a task if s/he witnesses some-

one else struggle with and succeed at it. Verbal persuasion is the way

that teachers instill confidence in their students by expressing belief in

them and their abilities. Emotional arousal refers to the prediction that

individuals will have a lower expectation of success if they feel anxious

or fearful. Bandura predicted that performance accomplishments most

influence self-efficacy out of all four types. Many studies, including some

focusing on mathematics self-efficacy, support this claim [4].

In theory, the pedagogy of group work lends itself well to the task

of improving student self-efficacy because it provides opportunities for

three of Banduras key influences. Performance improves from individual

work to group work, so students should experience an increased sense of

accomplishment. Students should vicariously learn from watching their

fellow group members master the material. Finally, in a small group,

students can ask questions and venture answers in a less intimidating

environment, which should result in less emotional arousal adversely

affecting their self-efficacy.

For these reasons, I expected that using a group work format in

the discussion sections associated with the large lecture business cal-

culus class that I taught in Fall 2009 would improve the mathematics

self-efficacy of my students. However, the results of my study indicate

that rather than improving their self-efficacy, the group work format in-

creased the accuracy of their self-beliefs. Students in standard format

discussion sections did not exhibit as much change in their self-efficacy,

nor did the changes that did occur correlate highly with the students

performance in the course.

2 LITERATURE REVIEW

A great deal of literature already exists on mathematics self-efficacy.

Hackett and Betz’s 1989 article on the subject [2] evaluates the correla-
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tion between mathematics self-efficacy, mathematics performance, and

choice of a mathematics-related major (along with some other variables).

They found positive correlations between all three, and interestingly also

demonstrated that mathematics self-efficacy better predicted choice of

a mathematics-related major than mathematics performance.

Hackett and Betz administered their test to an Introduction to Psy-

chology class. As such, their assessment of mathematics performance

used generic mathematical concepts rather than ones the subjects specif-

ically needed for their future careers. Further removing their research

from the study I describe here, Hackett and Betz focused their survey

on career-orientation. My interest lies in improving the self-efficacy of

specific students.

Luzzo, Hasper, Albert, Bibby, and Martinelli performed a study in

1999 much more in line with the aims of this study [4]. They mea-

sured students mathematics self-efficacy and then treated them with

methods meant to improve their self-efficacy: performance on a mathe-

matics exam and exposure to talks by young alumni who succeeded in

mathematics. Luzzo et al then re-evaluated the students mathematics

self-efficacy after a month (research indicates the existence of a temporal

lag before self-efficacy improves after treatment). They found that the

performance accomplishment had a more marked positive impact on self-

efficacy than the vicarious learning. However, the combined application

of both methods resulted in the greatest improvements in mathematics

self-efficacy.

Luzzo et al focused their study on students who displayed above-

average mathematics aptitude, since their interest lies in converting

mathematically-skilled, career-undecided college students to the STEM

(Science, Technology, Engineering, and Mathematics) pipeline. As with

Hackett and Betz, Luzzo et al also focused on career goals and created

their intervention treatment accordingly. So their use of former students

who have gone on to mathematical careers fails to be an appropriate

method for use in my context.

Hoyert and O’Dell performed an intervention study in 2006 with

students exhibiting low self-efficacy [3], however their subjects struggled
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with Introduction to Psychology, not mathematics. They treated their

subjects with one of two procedures designed to improve their achieve-

ment goal orientation: a guest lecture or an interactive computerized

tutorial. Both of these methods achieved their goal, but participation

rates differed widely between them. This led the authors to recommend

the strategy that had the fewest impositions on the students: the take-

home, do-it-yourself CD-ROM.

3 METHODOLOGY

I performed this study in the fall semester of 2009 at the University of

Illinois at Urban-Champaign. I taught Math 234: Business Calculus I,

which the Colleges of Business and of Agricultural, Consumer and Envi-

ronmental Sciences require for some of their majors. The students were

mostly freshmen in these two colleges taking their first college mathe-

matics course, although many of them had seen some calculus in high

school. While this previous exposure to calculus did help some students

at the beginning of the course when I established basic definitions and

so on, the majority of the content lay outside the scope of high school

calculus. I put a strong focus on applications to economics and also cov-

ered a great deal of content usually reserved for second or third semester

calculus, such as integration by parts and the method of Langrange mul-

tipliers. After the first month I was unable to distinguish between those

students with previous calculus experience and those without it.

The class I taught met for lecture twice a week for one hour each

meeting. Additionally, each student registered for one of four small

discussion sections led by a TA. Two TAs each ran two of these discussion

sections. For each TA, I randomly determined one of their sections to

run in the usual style (led by the TA at the blackboard) and one to run

in a group work format. For each discussion section meeting, I supplied a

worksheet to the TAs. Occasionally, this worksheet would function as a

review, but usually it covered new material. In the group work sections,

the TA distributed the worksheet and the students worked on it in groups

of about four, while the TA circulated and provided guidance. In their
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standard discussion section, the TA worked through the worksheet on

the board while soliciting student ideas and responses. The TAs also

took attendance at the discussion section meetings, which was worth

5% of the students final course grade.

Through an online survey during the first few weeks of the semester,

I asked my students to rate their ability to perform mathematical pro-

cedures and separately rate their ability to learn new mathematics, each

on a 5-point Likert scale (see Appendix). I repeated this survey in the

final few weeks of the course as well. For the purposes of this study I

also collected their discussion attendance grades and final course grades.

4 RESULTS

Of the 102 students enrolled in the course at the end of the semester, 57

completed the pre-semester survey, and 58 completed the post-semester

survey, with an overlap of 41 completing both. At least 9 (and no more

than 12) students from each discussion section completed both the pre-

and post-semester surveys. Of the 41 responders, 20 came from the

group work sections and 21 from the standard sections. These 41 stu-

dents had slightly higher final course grades than the class average; while

the 25-50-75 percentile grades came out at almost exactly 70-80-90 for

the full class, the grades of the 41 responders had 25-50-75 percentiles

of 72-84-92. The survey responders average attendance grade exceeded

the class average attendance grade by about 2 points as well.

Table 1 gives the final course grades by discussion format. One can

see that the group work sections had slightly more Bs and Cs and slightly

less Cs and Ds than the standard sections.

A B C D F

Standard (21) 7 5 3 3 3

Group Work (20) 6 7 5 1 1

Table 1. Final course grades by discussion format

Table 2 displays the changes over the course of the semester in stu-
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dents ratings of their ability to perform mathematical procedures, again

distinguished by discussion format. However, no differences between the

group work and standard styles seem apparent.

+1 0 -1

Standard (21) 7 11 3

Group Work (20) 7 9 4

Table 2. Changes in mathematics performance self-efficacy by discussion

format

Table 3 reports the same data as Table 2, except using the self-ratings

of students ability to learn new mathematics. Unlike the results in Table

2, we see a strong difference between the discussion formats. While most

students in the standard discussion sections gave the same self-rating

at the beginning and end of the semester, most students in the group

work sections changed their ratings. However, many of them revised

the self-rating downward. This raises the question of whether one can

distinguish between the students who reported increases in mathematics

learning self-efficacy, those who reported decreases, and those who did

not report any change.

+1 0 -1 -2

Standard (21) 6 12 1 2

Group Work (20) 8 7 5 0

Table 3. Changes in mathematics learning self-efficacy by discussion format

Fortunately, Tables 4 and 5 provide a positive answer to this ques-

tion. Table 4 breaks down by final course grade the changes in reported

mathematics learning self-efficacy of the group work section students.

Table 5 does the same for the standard section students. Notice that

the group work students changes in their self-ratings align much more

strongly with their final course grades than those for the standard section

students.

In the group work sections (Table 4), the majority of the students
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A B C D F

+1 (8) 5 2 0 0 1

0 (7) 0 5 1 1 0

-1 (5) 1 0 4 0 0

Table 4. Changes in mathematics learning self-efficacy in the group work

sections by final course grade

A B C D F

+1 (6) 1 2 0 2 1

0 (12) 5 3 3 0 1

-1 (1) 0 0 0 1 0

-2 (2) 1 0 0 0 1

Table 5. Changes in mathematics learning self-efficacy in the standard

sections by final course grade

who earned an A in the course (5 of 6) reported an increase in mathe-

matical learning self-efficacy, the majority of B students (5 of 7) reported

no change, and the majority of C students (4 of 5) reported a decrease.

On the other hand, in the standard sections (Table 5), the majority of

students within each of these final grade categories reported no change in

mathematics learning self-efficacy (5 of 7 A students, 3 of 5 B students,

and 3 of 3 C students).

One can see a similar, although much weaker, correlation between

final grade and mathematics performance self-efficacy in the group work

sections. These data appear in Table 6. Notice that the majority of C

students (4 of 5) did not report a change in performance self-efficacy. Ta-

ble 7 displays the analogous data for the standard sections, which have

more in common with the group work data than for the mathematics

learning self-efficacy. However, the small sample size proves more trou-

blesome here than in the learning self-efficacy data.
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A B C D F

+1 (7) 4 2 0 0 1

0 (9) 1 4 4 0 0

-1 (4) 1 1 1 1 0

Table 6. Changes in mathematics performance self-efficacy in the group

work sections by final course grade

A B C D F

+1 (7) 4 2 0 0 1

0 (11) 3 3 2 1 2

-1 (3) 0 0 1 2 0

Table 7. Changes in mathematics performance self-efficacy in the standard

sections by final course grade

5 DISCUSSION

While the size of this study (n = 41) makes it difficult to draw strong

conclusions from the data, one does see marked differences in the changes

in reported mathematics learning self-efficacy between the students in

the group work sections and those in the standard sections. These dif-

ferences suggest that employing the pedagogy of group work does not

necessarily improve mathematics learning self-efficacy in this environ-

ment, but rather makes it more accurate. It seems reasonable that

exposure to peers in the act of learning new material helps students to

better perceive their own relative ability to master novel concepts.

Of course, this finding does not generalize outside of the unique con-

text of the study. To do so would require further research to determine

the effect of environmental variables, such as type of institution, major

and year of students, level of course, and so on. Nonetheless, I hope that

the methodology and results of this study inspire other researchers to

similar work, which all together could provide a general answer. These

studies could address further research questions as well, some of which

I describe below.
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It would be interesting to know what final course grades the students

in this study expected (at the time of the exit survey) to earn. Based

on the above analysis, I hypothesize that the students from the group

work sections would have more accurate expectations than the students

from the standard sections. Further, I believe that among the group

work students, the changes in reported learning self-efficacy will better

predict the final course grades than the students own expectations.

Also interesting is the distinction in behavior between students math-

ematics learning self-efficacy and mathematics performance self-efficacy.

It appears as though in the group work sections C students may not suf-

fer the same decrease in mathematics performance self-efficacy as they

do for learning self-efficacy. A larger study could draw stronger conclu-

sions on the relationship between final course grade and mathematics

performance self-efficacy.

The question of how long students retain these changes in self-efficacy

remains unanswered. Repeating the survey at the beginning and end of

the students next mathematics course could shed light on this issue.

For future studies of this kind, I recommend using a 10-point Likert

scale in place of the 5-point scale. This would allow the instrument to

detect finer grades of self-efficacy within the average to above-average

range. Very few students responded below average, halving the effective

range of the scale.
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APPENDIX: PRE- AND POST-SEMESTER SURVEY

• How would you rate your ability to do mathematical work?

(5: extremely well, 1: extremely poorly)

5 4 3 2 1

• How would you rate your ability to learn new mathematics?

(5: extremely well, 1: extremely poorly)

5 4 3 2 1
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