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ABSTRACT

A survey incorporating qualitative measures of student self-
efficacy beliefs was administered to 1,387 first-year engineering
students enrolled in ENGR 106, Engineering Problem-Solving
and Computer Tools, at Purdue University. The survey was
designed to identify factors related to students’ self-efficacy
beliefs, their beliefs about their capabilities to perform the tasks
necessary to achieve a desired outcome. Open-ended questions
prompted students to list factors affecting their confidence in
their ability to succeed in the course. Students were then asked to
rank these factors based on the degree to which their self-efficacy
beliefs were influenced. Gender trends emerged in student
responses to factors that affect confidence in success. These
trends are discussed in light of the categories identified by efficacy
theorists as sources of self-efficacy beliefs. The results presented
here provide a useful look at the first-year engineering experiences
that influence students’ efficacy beliefs, an important considera-
tion in explaining student achievement, persistence, and interest.
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I. INTRODUCTION

A recent study by the National Science Board has reported that
while the number of jobs in the U.S. economy requiring training in
science and engineering is on the rise, the number of students re-
ceiving training in these fields is declining at a disturbing rate [1].
These findings highlight the importance of addressing student
recruitment in the fields of science and engineering. However,
national trends indicate that taking steps toward increasing interest

in the fields and boosting student enrollments in related programs
is not enough. Retention rates in these fields are currently much too
low, varying from 30 to 46 percent for women and 39 to 61 percent
for their male counterparts, depending on the size and type of insti-
tution studied [2]. Science and engineering programs must there-
fore take action to retain more students if the demands for the
workforce of the future are to be met. Particular attention needs to
be paid to the retention of women in science and engineering be-
cause these data indicate that while retention is poor on the whole,
the problem is accentuated among women.

Numerous research studies [3–9] have taken as their main focus
the issue of poor retention in science and engineering, with many of
these placing particular emphasis on the role of self-efficacy beliefs.
Introduced by Bandura [10] as a part of his social cognitive theory,
self-efficacy beliefs are the thoughts or ideas people hold about their
abilities to perform those tasks necessary to achieve a desired out-
come. The construct of self-efficacy is often confused with the
more general idea of self-confidence. Confidence refers to only the
strength of a belief in one’s abilities. Efficacy is based on both a
specified level of attainment and the strength of one’s belief that
that level of attainment can be achieved [11]. This difference can be
further understood by comparing the confidence statement, “I am
confident in my mathematical abilities,” to the efficacy statement,
“I am confident I can correctly solve calculus problems.” This con-
fusion between confidence and efficacy extends to the literature
where studies claiming to investigate confidence have also incorpo-
rated measures of efficacy. Here, any study that has employed the
measurement of students’ efficacy beliefs will be referenced as an ef-
ficacy investigation. Confidence studies can further inform our in-
vestigation and therefore will be referred to here as well and identi-
fied accordingly.

Self-efficacy can influence people’s behavior either positively or
negatively, based on their perception of their abilities concerning a
particular task. It influences the choices people make, the effort
they put forth, and how long they persist in the face of obstacles and
failure [12]. The efficacy beliefs of undergraduate students in
science, technology, engineering, and mathematics (STEM) pro-
grams have been linked to their persistence [6, 8, 13–16], achieve-
ment [8, 13, 14, 16, 17], and interest [13, 16–19]. 

Women have been shown to have strong reactions to efficacy
beliefs. Many women who leave STEM programs have less 
confidence in their abilities than those who stay in the programs
(“stayers”), despite earning similar grades [3, 4, 8, 20, 21]. More-
over, female stayers possess lower self-efficacy perceptions than
their male colleagues [22–24]. Brainard and Carlin [3] noted that
at least 25 percent of undergraduate women persisting in engineer-
ing and science programs most frequently cited “lack of self-confi-
dence” as a barrier that challenged their persistence; by senior year,
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the percentage of women citing lack of confidence as a barrier near-
ly doubled to 44 percent. In a cross-institutional study (17 institu-
tions), Besterfield-Sacre et al. [24] noted that at the end of their
freshman year, female engineering students maintained lower
confidence in their basic engineering knowledge and skills, prob-
lem-solving abilities, and overall engineering abilities than male
engineering students.

While the literature is rich in studies assessing students’ self-
efficacy beliefs in the fields of science and engineering, it provides
little, if any, insight into answering the question: What can be done
to promote positive self-efficacy beliefs among students? The first
step toward answering this question requires establishing how stu-
dents arrive at their self-efficacy beliefs. 

Bandura [10] has defined four sources from which efficacy 
beliefs are developed: mastery experiences, vicarious experiences,
social persuasions, and physiological states. Self-efficacy beliefs are
shaped by mastery experiences through interpretation of one’s perfor-
mances on particular tasks. Outcomes perceived as positive tend to
raise students’ confidence in their corresponding abilities and there-
fore strengthen efficacy beliefs. Conversely, perceived negative out-
comes lower confidence and so weaken associated efficacy beliefs.
Both theory and research suggest that mastery experiences are the
strongest influence on student self-efficacy beliefs [25, 26]. Vicarious
experiences are slightly less influential; however, when individuals are
unsure of their abilities in a certain area, or have no experience in the
area, their beliefs may be influenced by their perceptions of the out-
comes experienced by others who have performed similar tasks. As a
result, efficacy beliefs can depend on the extent to which individuals
see similarities between themselves and those whom they observe.
The verbal judgments of others, called social persuasions by Bandura,
can also influence self-efficacy beliefs. In traditionally male-domi-
nated fields, studies have shown that vicarious experiences and social
influences may play a dominant role in the formation of women’s
self-efficacy beliefs [27–29]. Finally, physiological states associated
with an action, such as anxiety, stress, fatigue, or other emotions, can
also have an effect on individuals’ self-efficacy beliefs.

To date, studies aimed at identifying the determinants of stu-
dents’ efficacy beliefs have been primarily quantitative in nature.
Researchers have hypothesized sources of college student self-
efficacy beliefs, developed quantitative measures of these sources,
and identified sources of significant increments in self-efficacy vari-
ation [10, 13, 18, 24, 30, 31]. Fewer qualitative studies of self-
efficacy belief formation have been conducted. Zeldin and Pajares
[28] used a case study methodology to investigate how the self-
efficacy beliefs of women graduates succeeding in mathematics-
related careers were developed and maintained. Lent et al. [32]
employed a cognitive thought-listing technique to identify the fac-
tors affecting the mathematical self-efficacy beliefs of undergradu-
ate students in an introductory psychology course. These studies
had conflicting results, likely due to the different characteristics of
the subjects employed and to different criterial tasks on which the
efficacy judgments were based [24, 25, 33]. Qualitative studies of
the influences contributing to the gender gap in computer science
[6] and the influences leading undergraduates to switch from
STEM majors into non-science majors [4] have helped elucidate
factors contributing to students’ general self-confidence. However,
these studies did not look at the specific construct of efficacy. 

As argued by self-efficacy theorists, a discovery-oriented, quali-
tative approach is required to better understand the sources and

cognitive processing of student self-efficacy beliefs [11, 34, 35].
This study is designed to answer the questions: Which aspects of
students’ first engineering course influence their self-efficacy beliefs,
and how do these aspects vary by gender? Responding to an open-
ended question incorporated in a Likert-scale questionnaire, 
students discussed factors they found particularly influential. Those
factors most frequently cited as affecting students’ beliefs are de-
scribed in detail and categorized using Bandura’s framework for
sources of self-efficacy beliefs. 

II. RESEARCH DESIGN

A. Theoretical Framework
The choice of an appropriate theoretical framework is a vital step

in the design of a qualitative research study [36]. The framework
becomes the overarching guide for the design of the study’s data
collection and analysis methods. This investigation was conducted
with a phenomenographical focus. Phenomenography, developed
in large part by Marton and co-workers, is a study of, “…the limited
number of qualitatively different ways in which we experience, 
conceptualize, understand, perceive, apprehend, etc., various 
phenomena in and aspects of the world around us” [37, p. 4424].
These different ways of conceptualizing or understanding are then
categorized by description and logically related to each other to
form an outcome space for the ways in which the phenomenon
under investigation is perceived.

Phenomenography was established as an alternative to an older,
more well-established theoretical framework known as phenome-
nology [38]. The goal of both theoretical constructs is a description
of the so-called “lived experience” of people, their perceptions of
what it means to go through an experience or phenomenon. The
two theoretical perspectives have slightly different functions, how-
ever. Consider, for example, the different perspectives the two theo-
retical frameworks would bring to a study of how students approach
the task of studying for an exam in one of their courses. Phenome-
nology would look for the single, true essence of the experience that
applied to all students enrolled in the course; the common thread
for every person who experienced this course. Phenomenography
would presume that different people might approach the task of
studying for an exam in different ways, and that there are a limited
number of different ways in which students experience this 
phenomenon.

Phenomenography therefore bridges the extremes of the univer-
sal and the individual [36]. In a phenomenographical study of the
various ways people experience learning, the final product may be
three categories of recognition, for example: (1) ‘I can pass a related
test’, (2) ‘I can explain material to others’, and (3) ‘I can apply the
material to new situations.’ Further, a phenomenographical ap-
proach will attempt to interrelate the experiential categories in a hi-
erarchical fashion. The present study was designed to identify fac-
tors affecting students’ self-efficacy beliefs. It is established within
the literature that men and women have different self-efficacy be-
liefs and that these beliefs further vary among members of the same
gender. Therefore, it is apparent that there is not a single essence as-
sociated with the experience of students’ first year in engineering.
Rather, how students perceive the experience will vary, falling into
several categories of perception and lending this study to a phenom-
enographical focus.
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B. Participants
Participants for this study included 1,387 freshmen engineering

students enrolled in ENGR 106, Engineering Problem Solving and
Computer Tools, at Purdue University in the fall of 2003. Required
of all first-year engineering students for admittance into one of the
engineering professional schools, this two-credit course covers en-
gineering problem-solving, computer logic and the use of computer
software (UNIX, Excel, MATLAB), teaming, statistics, and eco-
nomics in an engineering context. Of the students surveyed, 81.9
percent (N � 1136) were men and 18.9 percent (N � 251) were
women. The average SAT scores of the men and women surveyed
were 1,253 (SD � 106) and 1,244 (SD � 122) respectively. The
class was 66.7 percent (N � 925) Caucasian American, 11.4 
percent (N � 158) International, 6.1 percent (N � 85) Asian
American, 2.7 percent (N � 37) Hispanic/Latin American, 2.6
percent (N � 36) African American, 0.7 percent (N � 10) Puerto
Rican, 0.1 percent (N � 2) Native American Indian, and 3.0 
percent (N � 41) another unlisted ethnicity. The remaining 6.7
percent (N � 93) of the students provided no ethnicity data.

C. Procedure
An engineering efficacy survey was administered to all students

enrolled in ENGR 106 as a required, on-line homework assign-
ment. Students were informed that their responses to survey items
were completely confidential and would not be linked to their indi-
vidual identities. The survey was administered two weeks after the
first course exam so that students would have some experience with
the ENRG 106 environment, assignments, and exams on which to
base their efficacy assessment. However, the semester had not pro-
gressed far enough that students were able to make concrete predic-
tions concerning their final course grades.

D. Instrument
The survey administered to ENGR 106 students probed their

perceptions of the learning environment and their efficacy beliefs
[39]. Students’ self-efficacy beliefs concerning ENGR 106 were
first assessed using Likert-scale items developed by the research
team. Several of these items were modeled after the “strength of
self-efficacy for academic milestones” scale developed by Lent et al.
[40] and the “academic efficacy scale” developed by Midgley 
et al.[41]. Factors students attributed to influencing their efficacy
beliefs were then probed using a cognitive thought-listing tech-
nique patterned after Lent et al. [32]. This technique allowed them
to discuss the factors in their own words. Specifically, students were
asked to think about ENGR 106 and rank the extent to which they
agreed with the statement: “I am confident I can succeed in ENGR
106.” Following this item, students were told to “think about the
factors you considered in the previous question. Describe briefly all
of the factors on which you based your confidence rating to this par-
ticular question. Write everything that comes to mind.” The instru-
ment was designed to allow students to list up to 10 separate factors.
After listing all of the factors they considered, students were asked
to “go back and rank your entries in terms of how important each
factor you mentioned was in influencing your confidence rating 
(1 � most influential, 10 � least influential).”

E. Analysis
Due to the large number of students enrolled in ENGR 106,

smaller sample populations were selected for analysis using a com-

bination of stratified random sampling and purposeful sampling
techniques. The student population was stratified by gender and
each stratum randomly sampled. Sample sizes of 284 men and 152
women were selected in order to achieve a 95 percent confidence
level with a 5 percent error. Purposeful sampling ensured that the
sample populations accurately represented the ethnic diversity of
the overall population (Table 1), but sampling was otherwise ran-
dom. Within these samples, blank student surveys and those ex-
hibiting ambiguity in the factors listed were rejected and replaced;
this led to the rejection and replacement of 61 surveys submitted by
men and 11 submitted by women. The resulting sample popula-
tions were similar to the overall ENGR 106 population with respect
to average SAT scores: men, 1,257 (SD � 104), women, 1,246 
(SD � 133).

Analysis, based on a phenomenographic methodology [37],
aimed to identify factors cited by significant portions of the samples
(defined as at least 20 percent) as influential on their confidence in
success. The process began with five independent researchers indi-
vidually identifying categories of factors that fit two small subsets of
data, meeting and discussing these categories, and agreeing upon a
set of categories appropriate for use in analysis. Survey data collect-
ed from each sample population were then independently catego-
rized and coded by two researchers using the qualitative data man-
agement program, ATLAS.ti, version 5.0 [42]. Coding included
both the category to which each factor was assigned and whether it
was indicated as a positive, neutral, or negative influence by the stu-
dent. The rankings students assigned to each factor were also coded
to identify those factors male and female students labeled as most
influential. 

The open-ended survey instrument allowed students to list up to
ten influential factors. In many instances, students listed more than
one factor belonging to a single category (e.g., “My exam grades,”
“My homework grades,” and “My quiz scores”). Because analysis
was based on the percentage of students citing each factor, such cases
were only counted once in the corresponding category (i.e., the stu-
dent was counted once in the category of ‘Grades’). Conversely, in-
stances also arose in which one student response fit more than one
category (e.g., “I can usually finish the homework assignments, even
though it takes me a long time to understand them.”). In these cases,
the student was counted in all applicable categories.  
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Initial researcher agreement on factors placed in each category
ranged from 80 percent to 95 percent, which is a reasonable level of
agreement for this type of research [37]. Factors not initially agreed
upon were discussed until agreement was reached. Z-tests (� �
0.01) were performed to determine the existence of any statistical
differences between genders.

III. RESULTS

A useful way to look at the data collected from this study is to
examine those factors that were listed by the most students as in-
fluencing their confidence in success in ENGR 106. Later, the
data will be presented in terms of the factors students ranked as
the most influential. 

A. Influential Factors
Analysis of student responses concerning the factors affecting

confidence in success in ENGR 106 revealed nine categories of
prominent factors: understanding or learning the material; drive or
motivation toward success; teaming issues; computing abilities; the
availability of help and ability to access it; issues surrounding doing
assignments; student problem-solving abilities; enjoyment, interest,
and satisfaction associated with the course and its material; and
grades earned in the course. Figure 1 summarizes the percentage of
the male and female sample populations citing each factor.

The categories presented in Figure 1 are discussed in more detail
below.

1) Understanding/Learning: Listed most frequently by stu-
dents, understanding/learning course material affected approxi-
mately 55 percent of the men and 72 percent of the women 
surveyed, a difference that is statistically significant (z � �3.42, 

p � 0.001). A small portion of students indicated being affected
specifically by the level of understanding or learning they achieved
on homework assignments (“I am understanding the work more
than I did before so my confidence level is higher.”), lab tasks
(“Some of the labs feel very rushed and are finished when I don’t
really understand how.”), projects, engineering economics (“I
don’t understand Engineering Economics as well as I should.”),
lecture (“I understand what we talk about in lecture.”), or reading
material. However, the majority of responses within this category
described only a general understanding or ability to learn the ma-
terial without any more detail (“My ability to understand new
concepts quickly and fully.”). While most students cited a boost in
their self-efficacy beliefs because they did understand or were 
capable of learning the course material, it would be reasonable to
expect that their beliefs would be negatively affected should they
encounter material that they did not understand or felt incapable
of learning. 

2) Drive and Motivation: A strong desire to succeed in ENGR
106 or engineering in general was also expressed by a large number
of students. Students expressing this sentiment made statements
such as, “If I want to be an engineer I am going to be an engineer, I
am not going to give up my goals,” and “If I don’t get the grade I
want, I will work harder.” These students all expressed an internal
locus of control mentality [15]: with enough persistence, determi-
nation, and hard work, they could achieve success, regardless of the
challenges they may encounter. Very few responses of this nature
associated negative self-efficacy beliefs with a lack of drive and mo-
tivation; students appear to almost always view drive and motivation
as a positive influence. These findings compliment those of a previ-
ous study that showed both men and women at the onset of their
engineering education to frequently attribute their performance to
how hard they worked in the course [7]. 
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3) Teaming: ENGR 106 is designed to prepare students to work
in teams. Accordingly, team-based work accounts for 30 percent of
the course grade. This may be an indication of why nearly half of
the students indicated teaming as influencing their confidence in
ENGR 106 success. Of the students who mentioned this factor,
two different aspects of teaming emerged in the students’ responses.
Many students, both male and female, described positively influ-
enced efficacy based on the discovery that they could work well in a
team. Often students referred to this as possessing “teaming skills”.
Examples of students’ statements to this effect include, “I think this
class has honed my teaming skills and I think I can do well in…real
world team work,” and “Using my teaming skills and being able to
work together as a team; after all, this class is partly to teach us how
to work in a team.” Students of both genders also discussed the sup-
port, help, and motivation they received from their team members.
These students looked at their team as a small support group that
raised each member’s confidence in their ENGR 106 abilities.
They made comments such as, “My team members help and en-
courage me,” and “Working with a team was really a great experi-
ence. Having someone to rely on was nice, and I grew confident in
their skills as well as mine by the end.” In both cases, most students
cited teaming as positively affecting self-efficacy beliefs. This find-
ing supports the result of a previous study that has shown group
work to be viewed positively by both men and women [7]. Few stu-
dents indicated that they were not confident they would succeed
due to the poor quality of their team. 

4) Computing Abilities: Students who listed computing as an im-
portant influence on their self-efficacy beliefs frequently cited their
ability to use one or all of the computing tools taught in ENGR 106
(Excel, MATLAB, and Unix), their programming abilities, and
their ability to use a computer in general. The nature of this 
influence varied from one student to another: “I can apply the
MATLAB tools to actual situations and problems” (positive), “My
computer skills” (neutral), and “I have a hard time memorizing
Unix commands and using them according to their correct applica-
tion” (negative). Computing abilities influenced nearly the same
fraction of men and women; however, women were affected differ-
ently than men (Table 2). Overall, relatively few men saw comput-
ing as negatively affecting their self-efficacy beliefs, in contrast to
the nearly one-third of women who did; a difference that was statis-
tically significant (z � �5.14; p � 0.001). 

5) Help: Significantly more women (38 percent) than men (19
percent) discussed getting help as a factor influencing their confi-
dence in ENGR 106 success (z � �4.35, p � 0.001). Similarly,
Felder et al. found female engineering students to be much more
likely than men to cite the help or support of someone else as the

reason for their performance exceeding their expectations [7].
Among those students who did mention the influence of help, re-
sults were quite similar. Two aspects of getting help in the course
were mentioned: the numerous resources available for help (“I have
excellent help and resources to go to if in fact I find myself strug-
gling to succeed.”) and the students’ ability to recognize when and
how to seek help (“I ask a lot of questions when I don’t understand
the given info. I ask enough until I have a thorough understand-
ing.”) Nearly all of the students discussing help indicated that it in-
creased their confidence in their ability to achieve success. A very
small number of students (�15) expressed doubts in their likely
success because they did not know how or where to get help for the
course. 

6) Working Assignments: Students also cited their ability to com-
plete assignments as influencing their efficacy beliefs. This category
contained statements such as, “I can usually finish the homework
assignments, even though it takes me a long time to understand
them,” and “I complete all of my assignments on time and to the
best of my ability.” 

7) Problem-Solving Abilities: Students’ problem-solving abilities
appeared to influence nearly equal percentages of men and women.
Usually, students neglected to mention specific details in regards to
this factor, making statements such as: “I am a good problem-
solver,” “I am improving my problem-solving skills…,” and “I can
work through problems of any difficulty.”

8) Enjoyment, Interest, and Satisfaction: Similar percentages of
men and women discussed their enjoyment regarding, interest in,
and satisfaction with ENGR 106 as being influential. For most,
these factors promoted efficacy, prompting students to make state-
ments such as: “When I finish an assignment, I find myself learning
and feeling satisfied,” and “Solving the problems in the labs and in
the homework is challenging but interesting.” Only one-quarter of
the responses in this category cited decreased confidence in ENGR
106 abilities due to a lack of interest, enjoyment, or satisfaction.
Those who were negatively influenced made comments such as: “I
don’t enjoy the work which makes it harder to do,” and “I have a
huge feeling of being completely overwhelmed.”

9) Grades: Scores on graded course materials including home-
work assignments, projects, quizzes, and exams as well as overall
course grades and grading policies affected nearly equal percentages
of men and women. Some students were specific in their discussion
of the grades they were receiving, making statements such as,
“When I get assignments returned to me, I usually get a B average,”
or “The fact that so far, I have an A,” while most students made
more general statements about being affected by “my homework
and lab grades.” Other students mentioned that the grading policies
used in the class, in addition to the grades they received, were influ-
ential; for example, “Sometimes points for the CFU’s [quizzes] are
taken off for very trivial things, you can get a 5 [out of 10 points] on
the CFU even when you understand the material.” 

B. Rankings
Students cited motivation toward success, understanding/

learning of course material, and computing abilities as the factors
that influenced their efficacy beliefs the most (i.e., those factors
ranked ‘1’), as shown in Figure 2. The ‘Other’ category in Figure 2
represents a large variety of additional factors students indicated as
being most influential on their confidence in succeeding in ENGR
106. Examples of items falling into this category include abilities
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compared to others, professors’ abilities, and attendance. Since
items in these categories were listed by fewer than 20 percent of the
men or women sampled (Figure 1), they are not presented in more
detail in this work. 

Figure 2 illustrates the striking similarity in the rankings given
by men and women. Interestingly, 51 percent of men and 42 per-
cent of women listed teaming as one of the factors that influenced
their confidence in success; however, only 3 percent of men and 2
percent of women indicated it as the most influential factor. Simi-
larly, significantly more women (38 percent) than men (19 percent)
included help as an influential factor, however few students of either
gender felt it was the most influential factor (2 percent of women
versus 3 percent of men). 

IV. DISCUSSION

The results of this study can be examined in light of Bandura’s
social cognitive theory and, more specifically, his four identified
sources of self-efficacy beliefs. The categories of influential factors
identified are discussed in this fashion below. 

1) Mastery Experiences: Many students’ self-efficacy beliefs in
the context of ENGR 106 are shaped by mastery experiences, their
personal interpretations of their performances on particular course-
related tasks. The majority of factors listed as influential by students
fell within this category. This result is consistent with the findings
of Lent et al. [32], who reported personal performance as the
mathematics-efficacy source that affected the largest percentage of
students surveyed. Understanding/learning course material can be
categorized as a mastery experience: students become more highly
efficacious when they feel able to understand and learn material,
and less efficacious when they feel unable to do so. Student mastery
of teaming skills is another efficacy belief source in this category, as
are perceived abilities with computing and computer applications.
Students who feel that they have mastered these abilities experience
more positive self-efficacy beliefs than those who do not. Similar re-
sults were reported by Doyle, Stamouli, and Huggard [43], who
found that as computer science students’ opportunities for mastery
experiences with computers increased, their perceived computer

efficacy also increased. In addition, students’ confidence in their
ability to succeed in ENGR 106 is increased when they are able to
master an assignment and lowered when an assignment cannot be
completed. It is similarly affected by their abilities to use problem-
solving techniques effectively. Interestingly, only about 20 percent
of the students explicitly cited grades as an indication of mastery or a
source of efficacy, a smaller number than might be expected [8, 13,
40].

Several additional factors discussed by students may also indi-
rectly influence their efficacy beliefs through mastery experiences.
While students reported that mastering the ability to recognize
when they needed to seek help was influential, they may also be
gaining mastery experiences with course concepts and material
through the help they receive. Additionally, roughly half of student
responses categorized as enjoyment, interest, and satisfaction with
the course discussed these feelings within the context of mastering
the subject material. Specifically, students enjoyed the material
they had mastered (“A major part of ENGR 106 is projects and I
enjoy them more than other parts of the course and we do fairly
well on them.”) and were frustrated by that which they had not
(“The things holding me back are that I have troubles with some of
the problems, and get frustrated, I am worried that if I am having
troubles from the start that I won’t make it to the end.”). For these
students, mastery experiences likely play a role in the shaping of ef-
ficacy beliefs.

2) Vicarious Experiences: When students encounter a situation
for which they have little or no experience, efficacy beliefs may be
influenced by their perceptions of the outcomes others have
achieved when performing similar tasks. Two factors cited by stu-
dents exhibited characteristics of vicarious experiences: teaming and
seeking help. Many students who discussed working closely with
their team members were potentially using vicarious experiences as
sources of self-efficacy beliefs. Students who seek help may also use
the vicarious experience of witnessing another’s ability to complete a
task to shape their beliefs. In both cases, students are forming their
beliefs based on the outcomes of others’ actions. This appears to be
especially true for women who reported being influenced by these
sources more frequently than men. In an investigation of the efficacy
beliefs of men and women succeeding in mathematics-related 
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Figure 2b. Percentage of female sample population ranking
each factor number 1 (most influential).



careers, Zeldin and Pajares [28] similarly found women to be more
frequently influenced by vicarious experiences.

3) Social Persuasions: The verbal judgments of others (in this case
peers, professors, and teaching assistants) can also influence self-
efficacy beliefs. While students who discussed the support of their
team members may have been basing their efficacy beliefs on vicari-
ous experiences, it is also possible that the verbal feedback they were
receiving from teammates was the source of the influence. Similarly,
students who seek help may have their beliefs shaped by the verbal
judgments they experience when receiving help. Students likely see
the grades they receive as measures of their mastery of course mater-
ial; however, it is important to consider the possibility that they view
their scores as professors’ or teaching assistants’ judgments of their
abilities.

4) Physiological States: Self-efficacy beliefs can further be affected
by the physiological states a student associates with a task. As such,
the enjoyment, interest, and satisfaction students associate with a
course could be considered a physiological source of efficacy beliefs.
For example, the student struggling to master engineering prob-
lem-solving (“The things holding me back are that I have troubles
with some of the problems, and get frustrated, I am worried that if I
am having troubles from the start that I won’t make it to the end.”)
exhibits obvious signs of anxiety in his discussion of frustration and
doubt.

5) Other: Drive and motivation have been characterized by
some [15] as outcome expectations, beliefs that certain behaviors
or wants, such as hard work or the desire to become an engineer,
will lead to desired outcomes such as success in ENGR 106. Ac-
cording to Bandura, such beliefs bias the ways in which individu-
als process sources of efficacy information [25]. For example, peo-
ple who regard ability as an acquirable skill evaluate mastery
experiences more by personal improvement than by comparison
against the achievement of others. People who view ability as an
inherent aptitude are “prone to measure their ability by social
comparison and to belittle their own accomplishments when oth-
ers surpass them” [25, p. 118]. The data collected in this study do
not provide enough insight to speculate as to whether drive and
motivation, in the sense it is discussed by these students, affect
how students process their efficacy beliefs. Alternatively, it is pos-
sible that drive and motivation are a fifth efficacy source for these
students; that is, they may draw on a conviction that they can
achieve success at any endeavor if they put forth enough effort.
This question of the role drive and motivation play in students’
formation of efficacy beliefs is currently being investigated in the
analysis of interview data. 

V. CONCLUSIONS

Nine categories have emerged from the classification of the fac-
tors affecting students’ responses to the statement: “I am confident I
can succeed in ENGR 106,” including understanding or learning of
the material; drive or motivation toward success; teaming issues;
computing abilities; the availability of help and ability to access it; 
issues surrounding doing assignments; student problem-solving
abilities; enjoyment, interest, and satisfaction associated with the
course and its material; and grades earned in the course. Of these,
students ranked drive and motivation, understanding of material,
and computing abilities as most influential. 

Much of this work supports Bandura’s framework for self-
efficacy belief sources. With the exception of drive and motivation,
all identified categories can be placed within one of his four classifi-
cations of sources. The direct or indirect linkage of these emergent
categories to mastery experiences also supports theory and previous
research findings indicating mastery experiences to be the single
most influential source of efficacy beliefs. 

While this study is a first step in gaining an understanding of the
sources of student self-efficacy beliefs, more work needs to be done
to make possible a description of the cognitive processing leading
up to the formation of these beliefs. One surprising finding [24, 44]
is the lack of a more significant gender variation in how the students
identified and ranked the factors influencing self-efficacy beliefs.
However, the current literature in this area is contradictory [45],
possibly due to the inability of surveys to probe student attitudes
through deeper questioning. For example, similar numbers of men
and women discussed working assignments, problem-solving abili-
ties, enjoyment, interest, and satisfaction with the course, and
grades as influential; however, it is impossible to know how the
students perceive these experiences from their limited survey 
responses. Similarly, the effect drive and motivation have on stu-
dent efficacy can not be determined from survey responses alone;
nor can it be determined whether students are processing teaming
and help seeking experiences as mastery experiences, vicarious expe-
riences, or verbal persuasions. In order to gain a better understand-
ing of these and other factors that have been identified as sources of
students’ efficacy beliefs, interviews facilitated by survey data have
been conducted. Analysis of these interviews, currently underway,
will lead to improved insight into how efficacy beliefs are formed.
This knowledge will allow the creation of learning environments
designed to promote students’ self-efficacy beliefs and thereby in-
crease their confidence, success, and retention.
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