
Influence of Context on Item-Specific Self-Efficacy and

Competence of Engineering Students*

MASOUD GHODRAT ABADI, DAVID S. HURWITZ and SHANE BROWN
Oregon State University, 101Kearney Hall, Corvallis, OR, 97331, USA. E-mail: ghodratm@oregonstate.edu,

david.hurwitz@oregonstate.edu, shane.brown@oregonstate.edu

Self-efficacy is critical for academic success. Self-efficacy theory suggests that the social setting and problem format can

influence self-efficacy. While robust studies assessing students’ self-efficacy and its relation to other academic outcomes

have been undertaken, little is known about the relation between self-efficacy and competence on specific problems and

how problem format and implementation type relate to self-efficacy. 94 conceptual questions in three formats

(interpretation, ranking task, and multiple-choice) were developed through an iterative research-based effort. Ten

university faculty implemented questions with their students in one of five types (closed-book exam, take-home exam,

in-class quiz, homework, and group discussion). In total, 569 individual students responded to 2,006 questions. To capture

item-specific self-efficacy (ISSE), students were asked to rate their confidence immediately after they had answered

individual questions, on a 10-point scale. It was found that studentswith similar performance self-reported awide variance

of self-efficacy and that many student answers lacked correspondence between self-efficacy and performance. Results of

multivariate analysis of variance (MANOVA) revealed that student performance differed according to question format

and implementation. Students performed best on interpretation questions and they had the highest ISSE and percentage

correctness for problems completed in groups. The findings support that interactive learning can contribute to student

competence and self-efficacy.
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1. Introduction

Self-efficacy is ‘‘the belief in one’s capabilities to

organize and execute the course of action required

to produce given attainments’’ [1, p. 3]. Students’

self-efficacy beliefs relate to academic outcomes at

multiple levels and are critical to overall academic

achievement. Students’ self-efficacy beliefs in learn-
ing and educational performance are frequently

addressed in content areas such as mathematics [2,

3], medical science [4, 5], psychology [6] and engi-

neering [7–9]. Students’ item-specific self-efficacy

(problem-based self-efficacy) has been measured in

relation to individual problems in many formats

and disciplines. For example, ranking task exercises

in physics [10] and mechanics of materials [11]
frequently include a self-efficacy scale and the

Mathematics Self-Efficacy Scale [12] assesses self-

efficacy related to specific mathematics problems.

However, there is no research that investigates the

relation between the problem format and students’

item-specific self-efficacy (ISSE).

In Bandura’s theory, self-efficacy beliefs are

developed from four principal sources: 1) enactive
mastery experiences that serve as indicators of

capability, 2) vicarious experiences that are shaped

by the perception of the outcomes experienced by

others, 3) verbal persuasion that is created by the

social influences that one possesses certain capabil-

ities and 4) physiological and affective states from

which people partly judge their capableness,

strength and vulnerability to dysfunction [1]. The

social context of the learning environment can affect

an individual’s self-efficacy beliefs, as noted in

Bandura’s four factors that influence these beliefs.

When students’ efficacy beliefs in problem solving

are assessed in relation to problem format, it is
important to consider the context problems are

presented in, as the context of the problem can

influence both the efficacy beliefs and correctness

of student responses [13, 14]. Although many

experts in the field of engineering education confirm

that competence in solving problems (correctness of

responses) and related student efficacy beliefs are

crucial, some questions remain unanswered. Ques-
tions such as how do problem format and imple-

mentation environment relate to ISSE and

competence, and how do these two factors interact?

The present study investigates how students’

efficacy beliefs relate to responses to conceptual

engineering problems with differing problem for-

mats and implementation contexts. Problems are all

short answer types that require less than five min-
utes to solve and include ranking tasks, conceptual

multiple choice questions, and interpretation (open-

response) questions. Implementation contexts

include in- and out-of-class, group and individual,

and homework, quiz and exam.
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2. Literature review

Self-efficacy refers to perceived capabilities for

executing tasks or performing actions at designated

levels [1]. Efficacy beliefs operate as a key factor in a

generative system of human competence. There is

much evidence to support Bandura’s argument that

self-efficacy beliefs can affect virtually every aspect
of people’s lives [15–18], their thoughts, feelings,

and actions. In addition, self-efficacy is a critical

determinant of how individuals regulate their think-

ing and behavior [19]. As Bandura claims, different

people with similar skills or the same person under

different circumstances, may perform poorly, ade-

quately or extraordinarily, depending on fluctua-

tions in their beliefs of personal efficacy. In other
words, ‘‘while skills can be easily over-ruled by self-

doubt in a way that even highly talented individuals

make poor use of their capabilities under circum-

stances that undermine their belief in themselves, a

resilient sense of efficacy enables individuals to do

extraordinary things by productive use of their skills

in the face of overwhelming obstacles’’ [1, p. 37].

The influence of self-efficacy on learning and
performance has been widely applied and tested in

educational settings [20–23]. Within an educational

context, self-efficacy is frequently described in terms

of academic self-efficacy which defines a student’s

judgments about her ability to successfully attain

educational goals [24]. Examining academic perfor-

mance while considering the underlying role of self-

efficacy can contribute to a broader understanding
of how self-efficacy operates while students solve

problems. Indeed, knowledge is traditionally judged

to exist if the person being evaluated simply answers

a question correctly. This judgement can beflawed if

a correct response is provided by a student who

lacks self-efficacy. The potential trap is that the

student may have a high level of self-efficacy in the

incorrect response, which means that the student
may behave in accordance with such flawed beliefs

in the future, leading to errors sometimes with

potentially negative consequences [25]. Recently in

an extensive review of research on the relationship

between academic self-efficacy and university stu-

dents’ academic performance [26], Honicke and

Broadbent (2016) identified 59 studies of published,

peer-reviewed journal articles and unpublished
theses/dissertations from 2003 to 2015. Findings

from these previous studies provided overwhelming

support for a positive relationship between aca-

demic self-efficacy and academic performance.

This relationship suggests that students who hold

stronger beliefs about their ability to perform well

academically are more likely to do so than students

who do not.While Honicke and Broadbent confirm
the importance high levels of academic self-efficacy

play in positively influencing academic perfor-

mance, they also bring to light additional variables

that affect this relationship. One of the factors that

could considerablymediate the relationship of over-

all academic self-efficacy and academic perfor-

mance is competence and problem solving self-
efficacy [27]. The current study examines the rela-

tionship between ISSE, or students’ ratings that

they can successfully solve a problem, and the

competence (correctness of their responses).

In theory, self-efficacy is hypothesized to influ-

ence behaviors and environments and, in turn, to be

affected by them. Bandura contended that ‘‘beliefs

of personal efficacy do not operate as a dispositional
determinants independent of contextual factors as

some situations require greater self-regulatory skill

and more arduous performance than others’’ [1, p.

14]. Bandura makes the example of public speaking

in which the level and strength of personal efficacy

will differ depending on many conditional factors

including the subject matter, whether the speech is

extemporaneous or from notes, and the evaluative
standards of the audiences. Contextual factors vary

broadly depending on the situation. In the case of

public speaking it depends on what might be con-

sidered the topic (or subject matter) and the indivi-

dual’s previous experience and knowledge with that

subject matter, the material resources available

(notes), and the interpretation of the speaker of

the audiences’ background and potential to evalu-
ate the speaker (evaluative standards). These same

contextual factors could be applied to problem

implementation. The topic is the content that is

being asked about in a problem, the resources

available are the items that students are allowed to

utilize when solving the problem, including textual

resources, such as notes and textbooks, and human

resources, such as peers, and the social conditions in
which the problem is solved, including the evalua-

tive standards of others solving the problem.

In an educational setting, problem solving

involves selecting the most efficient method to

satisfy learning goals by overcoming classroom

obstacles [28]. The body of literature regarding

efficacy beliefs in problem solving has been consid-

ered from two perspectives, that of the teacher
[29, 30] and that of the student [31]. The teacher’s

problem solving ability and level of subjective self-

efficacy is considered as a critical prerequisite for

student success as it is assumed to be the most

important tool for conveying material to the stu-

dents. This present study is concerned with the

second perspective, which is the relationship

between students’ self-efficacy and problem format
and implementation, both contextual factors. This

type of analysis strongly resonates with Bandura’s

argument that ‘‘efficacy beliefs should be measured
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in terms of particularized judgements of capability

that may vary across realms of activity, under

different levels of task demands within a given

activity domain, and under different situational

circumstances’’ [1, p. 42].

3. Research objectives

Bandura noted that ‘‘it is no more informative to

speak of self-efficacy in general terms than to speak
of nonspecific social behavior’’ [1, p. 14]. While the

literature is richwith studies assessing students’ self-

efficacy beliefs using aggregate measurements, there

is little, if any, insight into the interaction of

competence in problem solving and efficacy beliefs

among students at a problem-based level. This

paper addresses this gap in literature and considers

the role of contextual factors in a problem-based
setting. In this setting, context is referred to as

nature of the problem and implementation. For

example, when exposed to different question for-

mats or various implementation types, students

with the same level of competence could demon-

strate differing levels of self-efficacy specific to a

problem. Evaluation of underlying mechanisms for

student’s efficacy beliefs in solving specific concep-
tual problems will shed light on the mediating

contextual factors in the relationship of self-efficacy

and academic performance.

The following research questions are addressed:

� What is the relationship between student ISSE

and competence?
� How do different question formats relate to

student competence and ISSE?

� How does implementation of the question relate

to student competence and ISSE?

4. Method

4.1 Data acquisition

The present article builds on thework ofAbadi et al.

(2016) [7], which discussed the iterative develop-

ment of robust conceptual questions regarding
traffic signal systems and the adoption of those

questions by Transportation Engineering faculty

at 10 different universities. Based on an examination

of traffic signal system misconceptions held by

student and practicing engineers [32], total of 94

conceptual questions were developed. Developed

questions were considered to be conceptual ques-

tions because they did not require calculation or
extensive analysis, and could all be answered cor-

rectly in a short amount of time using conceptual

knowledge in the content area. The six question

topic areas included yellow change intervals (19

questions), red clearance intervals (18 questions),

cycle length (14 questions), effective green time (15

questions), coordinated signals (13 questions) and

actuated signals (15 questions). The curriculum

developed for each topic area included the following

three formats of conceptual questions:

� Interpretation questions in which a quote is

presented, and students are asked to describe in

their own words if the quote is correct or not, and

why,
� Ranking tasks, in which 4 to 5 figures are pre-

sented and students are asked to place the figures

in a particular order based on some inherent

element of the information provided in each

figure, and

� Multiple choice questions, with one or more

correct answers and several incorrect distractors.

Distractors are robust misconceptions that were
determined from a previously published study

[32].

Ten university faculty from various Civil Engineer-

ing departments agreed to use the conceptual ques-

tions in their classrooms. Faculty were asked to

select their desired topic areas (could be more than

one topic) and implement the questions with their

students in one of five ways: as an exam (closed-

book or take-home), as a quiz, as a homework

assignment, or as in-class formative feedback
(group discussion). All participating faculty were

employed as public university instructors in theU.S.

In total, 730 individual students responded to

3604 questions in this experiment. Two iterations

of data cleaning were conducted prior to detailed

analysis. First, any question without a recorded

answer or an ISSE score was removed from the

dataset. This resulted in the removal of 493 partial
question responses and a final dataset containing

569 individual students. On the second step, for

those individual students who had responded to

more than one question format, one set of responses

(a single format) was randomly selected. This was

done in order to remove any between group correla-

tions. This resulted in removal of 1105 questions. In

final data set, an average ISSE score and compe-
tence (correctness) was calculated for each of the

569 individual students. Students’ demographics

were not recorded as part of data collection process.

4.2 Self-efficacy measurement

A standard practice of measuring self-efficacy

strength is to employ a unipolar structure on a

100-point scale, ranging in 10-unit intervals from
zero (cannot do) through intermediate degrees of

assurance, 50 (moderately certain can do) to com-

plete assurance 100 (certain can do). Based on the

theory, it is also possible to retain the same scale

structure and descriptors but use single unit inter-
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vals ranging from zero to 10. However, scales that

use only a few steps should not be used because they

are less sensitive and reliable [1].

In this study, to capture ISSE, students were

asked to rate their ISSE immediately after they

had answered each individual question, on a 10-
point scale ranging from 1 (basically guessed) to 10

(very sure). This method resembles the self-efficacy

scale proposed by Bandura and adopted in other

investigations of self-efficacy [6, 33, 34].

4.3 Statistical analysis

The data in this present study was obtained through

a multivariate design experiment. As it was men-

tioned earlier, two dependent variables, ISSE and

competence were recorded for each individual

student. The interaction of these two dependent

variables (research objectives—question 1) was

analyzed by visualizing the data and using the

Pearson correlation. Two factors were manipulated
to observe their relationwith ISSE and competence:

question format with 3 levels (interpretation, rank-

ing task and multiple-choice) and implementation

type with 5 levels (closed-book exam, take-home

exam, in-class quiz, homework, and group discus-

sion). To find possible main effects (research objec-

tives—questions 1 and 2), the two dependent

variables were analyzed in a series of multivariate

analysis of variance (MANOVA) with the question

format and implementation type as the between

subject factors. This was followed by post hoc

pairwise comparisons using Tukey HSD adjust-

ments.Analyses were conducted using SPSS version
23 and R version 3.0.3.

5. Result

5.1 Interaction of ISSE and competence

Students’ competence on conceptual engineering
problems and its interaction with ISSE is investi-

gated. To evaluate this relationship, the ISSE scores

are plotted against the competence (measured as

percentage of correct answers) for each student

(Fig. 1).

The distribution of student responses by ISSE

(M= 6.75 and SD= 2.04) and the competence (M=

57.21 and SD = 37.95) can be divided into four
regions which necessitates additional scrutiny.

Quadrant 1 includes students who demonstrate

better performance in answering conceptual ques-

tions but lack ISSE (r = –0.069, n = 101, p = 0.490).

Quadrant 2 includes students with a high compe-

tence and ISSE solving conceptual problems (r =

0.224, n = 196, p = 0.002). Quadrant 3 includes
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Fig. 1. Interaction of competence and ISSE.



students with high ISSE but lower levels of correct-

ness solving conceptual questions (r = –0.093, n =

115, p = 0.325) and Quadrant 4 includes students

who demonstrated low levels of ISSE and correct-

ness solving conceptual problem solving (r = 0.132,

n = 157, p = 0.100). Looking into correlations
between ISSE and competence in each of the quad-

rants demonstrates that while students in Quad-

rants 1, 3 and 4 are not capable of accurately

mapping their efficacy beliefs with their actual

performance, students in Quadrant 2 (the one with

highest density and the best performance) are more

successful in gauging these two variables.

Figure 1 illustrates that while the distribution of
ISSE by correct percentage is horizontally sym-

metric, it is asymmetric vertically. Indeed, inspec-

tion of the ISSE and competence distribution shows

that 52.19% of students (n = 297) had a correct

percentage ofmore than 50 and 47.81%of them (n=

272) had a correct percentage of less than 50.

However, 76.45% of students (n = 435) reported

an average ISSE of 5.5 or higher, while just 23.55%
(n = 134) reported an average ISSE below 5.5.

5.2 Contextual factors

5.2.1 Question format

Table 1 presents descriptive statistics for students’

performance by question format. MANOVA is

performed to test whether or not the question

format affects ISSE and competence. MANOVA
results show a main effect of question format (F (4,

1130) = 5.285, p < 0.0005; Wilk’s � = 0.964, partial

�2 = 0.018). It is found that question format has a

statistically significant effect on both ISSE (F (2,

566) = 5.817, p = 0.003; partial �2 = 0.020) and

competence (F (2, 566) = 6.845, p = 0.001; partial

�2 = 0.024).

Looking at pairwise comparisons, results of
Tukey HSD post hoc test reveal that ISSE scores

are significantly higher for interpretation questions

when compared to ranking tasks (p = 0.002) and

multiple-choice question (p = 0.026). Pairwise com-

parison post hoc tests on competence reveal that

rates of correct responses are significantly lower for

ranking tasks when compared to multiple-choice

questions (p = 0.004) and interpretation questions
(p = 0.006).

5.2.2 Implementation type

Table 2 presents descriptive statistics for students’

performance by implementation type. MANOVA

results indicate that there is a main effect of imple-

mentation type (F (8, 1126) = 6.970, p < 0.0005;

Wilk’s � = 0.908, partial �2 = 0.047). Implementa-
tion type has a statistically significant effect on both

ISSE (F (4, 564) = 6.255, p < 0.0005; partial �2 =
0.042) and competence (F (4, 564) = 7.087, p <

0.0005; partial �2 = 0.048).

TukeyHSDpost hoc tests reveal that ISSE scores

are significantly higher for group discussions when

compared to closed-book exams (p = 0.004) and in-

class quizzes (p = 0.043). ISSE scores are also
significantly higher for take-home exams compared

to closed-book exams (p < 0.0005) and in-class

quizzes (p = 0.015). Pairwise comparison post hoc

tests on competence reveal that rates of correct

responses are significantly higher for group discus-

sions when compared to homework (p < 0.0005)

and in-class quizzes (p = 0.020). It is also found that

these rates are significantly lower for homework
compared to closed-book exams (p < 0.0005),

take-home exams (p = 0.001) and in-class quizzes

(p = 0.002).

6. Discussion

6.1 Interaction of ISSE and competence

Figure 1 presents evidence in support of Bandura’s
argument that different people with similar skills

may perform poorly, adequately or extraordinarily,
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Table 1.Mean and standard deviation values for the dependent variables of each question format

Interpretation (N = 82) Ranking Task (N = 171) Multiple-Choice (N = 316)
Dependent
Variable M SD M SD M SD

ISSE 7.39 2.06 6.47 2.07 6.74 1.99
Competence 64.27 47.56 48.60 36.35 60.05 35.22

Table 2.Mean and standard deviation values for the dependent variables of each implementation type

Closed-Book Exam
(N = 138)

Take-Home Exam
(N = 84)

In-Class Quiz
(N = 230)

Homework
(N = 88)

Group Discussion
(N = 29)

Dependent
Variable M SD M SD M SD M SD M SD

ISSE 6.29 2.25 7.44 1.92 6.64 2.11 6.80 1.48 7.74 1.33
Competence 62.32 43.90 61.49 29.95 57.27 38.67 39.77 31.28 73.02 21.33



depending on fluctuations in their beliefs of perso-

nal efficacy. Indeed, each horizontal line on this

graph represents individuals with equivalent aver-

age question performance but with highly variable

efficacy beliefs. Ideally, students would recognize

when they are incorrect and have lower self-efficacy
on problems they do not understand. This, argu-

ably, is an important facet of professional engineer-

ing practice; that it is very important to know when

you are right or wrong. It is suggested that an

educational setting should strive to promote this

kind of awareness. For example, one might expect

that students would express high efficacy beliefs

when they have robust conceptual knowledge
(Quadrant 2 in Fig. 1), and low efficacy beliefs

when they demonstrateweak conceptual knowledge

(Quadrant 4 in Fig. 1). Students should be able to

distinguish between what they know and do not

know in the self-reported efficacy. However, there

are situations where poor calibration occurs in the

data. Here, calibration refers to how well self-

efficacy correlates to actual performance on corre-
sponding tasks [19]. When students judge that they

are capable of performing a task but do not perform

it very well (Quadrant 3 in Fig. 1), or when they

judge that they are incapable of performing a task

but then perform it very well (Quadrant 1 in Fig. 1),

they are poorly calibrated due to the lack of corre-

spondence between ISSE and performance. Stu-

dents who underestimate what they can do may
shy away from active engagement and be reluctant

to attempt a task thereby delaying skill acquisition

[19].

This failure in calibration is clearly demonstrated

by the unequal distribution of ISSE and compe-

tence. Ideally, one might anticipate higher concen-

trations of responses inQuadrants 2 and4and lower

concentrations in Quadrants 1 and 3. However, in
the dataset examined, 37.96% of all students (n =

216—sum of Quadrants 1 and 3) are misjudging

their power to produce an effect in academic terms.

The asymmetry of ISSE distribution about the

vertical axis in Fig. 1 is another observation sup-

porting item-specific calibration errors of engineer-

ing students. While the distribution of correct

response percentage shows that students are
almost equally divided into two sections of higher

(above 50 percent of correct responses) and lower

competence (below 50 percent of correct responses),

the distribution of ISSE clearly indicates that stu-

dents tend to demonstrate poor judgment when

asked about their item-specific efficacy beliefs. Stu-

dents appear to have overly high ISSE, despite the

fact that they might not possess the correct under-
lying conceptual knowledge.

As students engage and progress through knowl-

edge and skill acquisition in a new content area, they

should initially present in Quadrant 4 advancing

towards and ultimately terminating in Quadrant 2.

Student responses in Quadrant 1 require emphasis

on increasing their ISSE beliefs while students

presenting in Quadrant 3 need to have a more

realistic belief related to their current performance
and simultaneously emphasizing improvement in

their competency. These transitions could be pro-

moted through a constructive learning process with

attention to problem format and implementation.

6.2 Contextual factors

6.2.1 Question format

Based on the percentage of correct answers and
ISSE scores, as well as pairwise comparison tests,

students performed best on interpretation ques-

tions. Moreover, students performed better on

multiple-choice questions than ranking tasks. In

theory, the incongruence between students’ self-

efficacy and actual performance can arise when

students lack task familiarity and do not fully

understand what is required to execute a task
successfully [19]. This fact is not limited to educa-

tional endeavors. For example, studies with infants

have shown that when a new action system such as

crawling or walking become available, infants

require a period of experience with the new skill to

make accurate judgments about possibilities for

success or failure [35].

While in an academic setting students have been
extensively exposed to interpretation and multiple-

choice questions, ranking tasks remain compara-

tively novel. Additionally, the participating instruc-

tors have had little to no previous practical

experience implementing ranking tasks in a class-

room environment, although they have previously

used multiple-choice and interpretation questions

prior to their participation in this project. Once
problem solving skills are developed and routinized

in recurring situations, students behave in accor-

dance with what they believe they can or cannot do

without giving the matter much further thought [1].

Furthermore, in responding to ranking tasks, stu-

dents need to combine different skills in order to

perform this task. The complexity of this synthesis

could have directly influenced students’ ISSE rat-
ings and competence. Bandura contended that ‘‘sol-

ving problems typically require applying multiple

cognitive operations and even if the operations are

readily recognizable, judgement of cognitive cap-

abilities for a given activity is complicated if some of

the operations are thoroughly mastered while

others are only partially understood’’ [1, p. 65].

6.2.2 Implementation type

While students had performed better on closed-
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book exams compared to in-class quizzes andhome-

work, they stated lower levels of ISSE respectively.

This demonstrates that anticipated results and con-

textual anxieties could influence efficacy beliefs.

Exams are usually weighed heavier in the overall

grade of students’ performance and therefore, they
are coupled with higher levels of anxieties [36]. An

item-specific measure of self-efficacy confirms that

while students might be well prepared for exams,

they feel less confident in their responses. The results

are different in a take-home exam setting, where

students performed better and they were more

confident in their performance.

The highest level of efficacy beliefs and perfor-
mance are evident in problems completed as a

group. In theory, self-efficacy often refers to one’s

perceived capabilities, but many educational (and

professional) situations require that students work

in teams to accomplish a task. Collective self-

efficacy is defined as ‘‘a group’s shared belief in its

conjoint capabilities to organize and execute the

courses of action required to produce given levels of
attainments’’ [1, p. 477]. Prior research on self-

efficacy in a collaborative environment suggests

that team context, task complexity, and individual

characteristics impact learner efficacy beliefs [37].

Such that, collective self-efficacy is not simply the

average of individuals’ self-efficacy but rather refers

to what the members believe the group can accom-

plish by working together [19]. This is evident in the
present study, where the highest rate of competence

and the highest level of self-efficacy intersect during

group discussions. Consequently, working as a

group not only considerably improved the ability

to accomplish necessary tasks but also resulted in

higher levels of ISSE.

6.3 Implications for teaching

The development of ISSE is, to the knowledge of the

authors, never an explicit outcome of a class even in

the presence of a vast body of research that suggests

self-efficacy development is a critical element of

academic success. The four principals of self-effi-

cacy development (enactive mastery experiences,

vicarious experiences, verbal persuasion and phy-
siological and affective states) may provide hints at

how to accomplish this.

Problem solving in a general form can be categor-

ized as a mastery experience as students feel more

efficacious when they feel prepared to correctly

solve problems and less efficacious when they feel

unable to do so. However, looking at problem

solving in a conceptual context, one can observe
the influence of the other three sources of efficacy

beliefs as well. While problem solving ability affects

the relationship between competence and ISSE, it

does not operate as a dispositional factor. This

paper’s investigation into the influence of contex-

tual factors on students’ efficacy beliefs provides

evidence that students with similar skills self-report

a wide variance of ISSE and perform differently

according to question format and question imple-

mentation.
The findings presented herein related to question

format could be associated largely with mastery

experiences and to a smaller extent physiological

and affective states. Enactive mastery experiences

are the most influential source of efficacy informa-

tion because they provide the most authentic evi-

dence of whether one can ultimately be successful at

a given task.Here, ‘‘successes build a robust belief in
one’s personal efficacy and failure undermine it’’ [1,

p. 80]. Indeed, in mastery experiences past perfor-

mance accomplishments and previous attainment

help students to develop efficacy beliefs.

In the dataset examined, students performed best

on traditional interpretation questions. This dataset

includes university students who likely have a long

history of encountering and attaining success with
interpretation questions. These two factors may

have contributed to students having higher efficacy

beliefs and better problem performance. This is

further evidenced by the comparison of ranking

tasks andmultiple-choice questions, inwhichmulti-

ple-choice questions were associated with higher

ISSE and higher rate of correct answers. Previous

experience with these types of problems were likely
achieved through previous mastery experiences.

Physiological and affective states could also jus-

tify the difference in students’ performance by

problem format. As mentioned previously, solving

problems typically requires applying multiple cog-

nitive operations and students’ judgment about

their power to produce a desirable effect is depen-

dent on their underlying cognitive capabilities. This
is a complicated process, as is the case of approach-

ing conceptual engineering problems in a novel

context (ranking tasks) requiring a combination of

multiple skills. Self-efficacy beliefs serve as a filter

through which new information is processed and

therefore, those who lack confidence in their cogni-

tive capabilitiesmay falsely interpret their anxiety as

a sign of incompetence.
The findings related to implementation context

are even more complex, because they seem to touch

on all four principle sources of efficacy beliefs. For

example, group work in a class setting can be

characterized by complex social dynamics that are

dependent both on the nature and difficulty of the

problem as well as the group dynamics. As such, in

addition to mastery experiences, vicarious experi-
ences and verbal persuasion likely played a role.

Through vicarious experiences, students gauge their

capabilities in relation to the performance of others.
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This can occur in a group discussion in which

students may observe a classmate succeed at a

challenging conceptual task and then may be con-

vinced that they can achieve at a similar level. In a

verbal persuasion experience, support from others

(parents, teachers and peers) whom a student trusts
can also increase a student’s efficacy beliefs. This

can also be facilitated by group discussions in which

students can explain concepts to each other in order

to solve problems. In a group discussion students

can collectively reinforce each other’s beliefs that

they have the correct answer. This is a unique

attribute of group discussion that is not inherent

in other implementation types.
Moreover, in theory, integration rules that indi-

viduals use when weighting and interpreting effi-

cacy-relevant information may be divided into four

categories: (1) additive (the more sources available,

the more efficacy beliefs are enhanced), (2) relative

(one source is stronger than another), (3) multi-

plicative (two sources present an interactive effect)

and (4) configurative (the strength of one source
depends on the presence of others). The underlying

mechanism for each of these integration rules

depends largely on personal and contextual factors

[38]. For the case of group discussion, sources of

ISSE appear to have an additive and multiplicative

interaction, making group discussion the best

implementation type for promoting ISSE and com-

petence. However, comparing closed-book exams
with take-home exams demonstrates the fact that

physiological and affective states can relatively

mask the influence of other sources. In take-home

exams not only do students have higher rate of

correct answers, but they also possess higher levels

of ISSE as compared to closed-book exams.

Comparing homework questions with a take-

home exam questions may shed further light on
the configurative integration of self-efficacy princi-

ples. Both cases seem to be influenced by mastery

experience as students most probably have experi-

enced previous attainments in either implementa-

tion type. However, since exams typically represent

a larger portion of the cumulative grade for a

course, students who are internally motivated by

grades are emotionally engaged to achieve at a
higher level. Therefore, these students may expend

more time and energy on the problems in a take-

home exam when compared to homework pro-

blems. In other words, when students are incenti-

vized differently they perform differently. Higher

competence and higher ISSE in take-home exams

may be a tangible result.

In a typical classroom, students may not initially
possess conceptual understanding or may demon-

strate low ISSE for solving conceptual questions

(Quadrant 4 in Fig. 1). Through the adoption of a

constructive learning process, affected by contex-

tual factors, students will gain new information and

will move toward success. Indeed, as their skills

become more refined, their competence and ISSE

should increase (Quadrant 2 in Fig. 1). Classroom

reform efforts are largely focused on increasing the
level andquality of active learning.MicheleneChi, a

noted researcher in this area, developed the ICAP

hypothesis, which suggests Interactive, Construc-

tive, Active, and Passive Learning activities are

decreasingly effective [39]. An example of passive

learning is taking notes without any substantial

cognitive engagement in that process. In contrast,

an example of interactive learning is groups of
students working on problems together that are

harder than they can solve individually. The results

of the present study confirm that in an interactive

learning setting, students not only develop compe-

tence but also gain higher self-efficacy beliefs.

7. Limitations

The present study has a number of limitations.

Students’ demographics (such as gender, experience

(years at school) or ethnicity) were not collected as

part of data collection process, making it impossible

to look at these covariates as between subject

factors. It would be useful for future studies to

examine whether the influence of question format
and implementation type would vary among differ-

ent demographic cohorts. Furthermore, the current

study used four principals of self-efficacy develop-

ment and their integration rules to discuss parts of

findings. While these elements shaped a robust

framework to analyze the results, they were not

directly measured as part of this study. Pursuing

this study with direct measurement of four princi-
pals of self-efficacy would also be a worthy research

objective.

8. Conclusion

This paper investigated the self-efficacy beliefs and

competence that students demonstrate in their

responses to conceptual engineering problems.
The present study used a 10-point scale to record

the self-reported ISSE strength of students and used

the correctness of responses as a measure of compe-

tence. Since self-efficacy theory has yet to be applied

to item-specific conceptual questions, this study is

unique in showing how a well-accepted theoretical

construct can work in a conceptual engineering

problem-based context. This study pursued three
research objectives. Those objectives and a sum-

mary of the research findings are documented in

Table 3.

The interaction of competence and ISSE was
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investigated as the first objective and it was con-

firmed that students with similar skills self-report a
wide variance of ISSE. It was also suggested that a

considerable percentage of all students are poorly

calibrated because of the lack of correspondence

between ISSE and performance. Indeed, almost

38% of all students misjudged their power in produ-

cing academic effects. To understand how instruc-

tors might tackle this problem, the role of

contextual factors was investigated as the second
and third objectives. In theory, self-efficacy is not a

dispositional factor but it is varied within different

contexts. One of the factors that could govern the

relationship between self-efficacy and competence is

problem solving. This study demonstrated that

problem solving and conceptual understanding

could be influenced by the nature of problem

format (objective 2) and problem implementation
(objective 3). Finally, considering contextual fac-

tors, the influence of self-efficacy principle sources

on students’ interpretation of their efficacy beliefs

and subsequent competence was investigated. It is

undeniable that the association among problem

format, problem implementation and self-efficacy

beliefs would be mediated by sources of self-efficacy

beliefs. The overall findings of the current study
support Bandura’s theory of self-efficacy in an

academic setting and shed further light on the

interaction of self-efficacy and competence in sol-

ving conceptual engineering problems.
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