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THE EFFECTS OF MOBILE CircuitlTS TUTOR ON STUDENTS’ PROBLEM-
SOLVING SELF-EFFICACY AND ANXIETY

Abstract— This research study investigated the effects of an assistive mobile learning
environment (MLE) on students’ self-efficacy and anxiety of problem-solving. Eighty-three
college students were randomly assigned into one of three groups and participated the study
for an entire semester. The control group did not have access to the app. Participants were
split into two treatment groups based on one of the two versions of the MLE tutor
(Circuitl TS or Circuit Test Taker). Scores from three examinations were recorded from all
students throughout the semester. The combined experimental group were asked to
complete scales measuring self-efficacy and anxiety at three time points that coincided with
midterm examinations. Multilevel longitudinal modeling (MLM) was used to assess the
effects of the assistive MLEs on problem-solving self-efficacy and anxiety. MLM was also
used to assess effects of problem-solving self-efficacy (NTSEI) scores and problem-solving
anxiety (PSA) scores on student examination scores. Results showed a significant negative
effect of CircuitlTS on NTSEI scores but a positive significant effect of NTSEI scores on
exam scores for both tutors. This research study provides results that are counterintuitive to
the proposed outcome suggesting that Circuitl TS produced a reduction in problem-solving
self-efficacy among its users. Although students who utilized CircuitlTS experienced a
decreased perceived ability to problem solve, both tutors showed significant increases in
examination scores. (4bstract)
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Introduction

Circuit Analysis (Network Theory) is fundamental “gateway” course that most engineering
students must take as part of their engineering curriculum and is also a course that has the highest
attrition rates among engineering courses [1, 2]. High attrition rates contribute to an increase in
dropout rates and according to Belasco [3], 60% of students enrolled in engineering courses drop
out or change their major in the first year. There are a number of causes engineering students drop
out or change their major, but a specific course has been found to cause the most trouble, Circuit
Analysis (Network Theory). Murata [4] suggested that, when performing circuit analysis, a lack
of metacognitive ability could explain why learners exhibit an inability to reach correct answers
despite mastery of basic engineering fundamentals. Moores [5] suggested that metacognition
involves one’s ability to monitor and control their thought processes and similarly self-efficacy
involves one’s ability to organize and execute given tasks. Developing metacognitive skill may
increase the effectiveness of the learner performing problem-solving activities [6, 7].

A number of research articles have suggested decreased metacognitive ability could be attributed
to students’ (affective domains) high anxiety and low self-efficacy [5, 8, 9]. According to Vitasari
[9], students with high anxiety experienced decreased cognitive function with difficulties in



memory recall and information management. Students experiencing symptoms of low self-
confidence and low self-efficacy could reduce commitment to their chosen degree resulting in
course attrition [9, 10]. Efforts to create learning environments and learning applications to
mitigate high attrition rates and assist in engineering fundamentals are wide spread and well-
known and have been successful in implementation with high significance [11-15]. However, very
few research studies have implemented learning environments or applications for Circuit Analysis
(Network Theory) in mobile architectures for higher education. Even fewer have examined
affective domains with MLE-based tutoring systems and their effect on student achievement. This
study explores how an MLE-based tutoring system was implemented to increase academic
achievement and its effect on students’ affective domains in an advanced Circuits Analysis
(Network Theory) course.

Background

The motivation for this study centers around the high attrition rates of undergraduate students in
Circuit Analysis (Network Theory) courses. The overall research study was conducted with the
premise that the introduction of an assistive app that provides tutoring of Circuit Analysis
(Network Theory) problems would increase student achievement and problem-solving self-
efficacy while decreasing anxiety. Self-efficacy as it relates to metacognitive performance in
problem-solving is a function of a student’s ability to recognize, organize and execute mental
subroutines that are present when problem-solving [5]. The mental monitoring that is present in
metacognition is similar to an individual’s beliefs in their problem-solving self-efficacy.
According to Kapa [16], successful problem-solving is achieved according to metacognitive
function. The Model of Metacognitve Support provides students a meta-strategy for the activation
of analysis, monitoring and control processes in successful problem-solving. Similarly, research
has shown that students with high anxiety experience a decreased sense of self-efficacy and
academic achievement [17-19]. By increasing students’ metacognitive knowledge and learning
strategies through “treatment”, the resultant outcome would have an “ameliorative effect on
anxiety.” [20]

Cognitive tools and Metacognitive ability

According to research, cognitive tutors attempt to optimize learning and produce cognitive skills
that assists students in the acquisition of domain knowledge [21]. Not only do they increase
cognitive skill, but they promote self-regulated learning (SRL) of which factors such as
“motivations, beliefs” and self-efficacy influence metacognitive ability [22]. Furthermore, they
have the ability to increase student achievement and provide “context-specific instruction when
students need it.” [23]



Previous research has shown the effectiveness of cognitive tutors in learning contexts [24-29].
They have been effective in institutions spanning elementary to post-secondary education in a
variety of learning disciplines. Of the learning disciplines, Circuit Analysis (Network Theory)
poses one of the greatest challenges for novice learners in engineering. Research conducted by
Moses [30] demonstrated that MLE-based digital tutors increased student achievement by as much
as 13% to 19% in an advanced Circuit Analysis (Network Theory) course. One version of the the
MLE-based tutor, CircuitlTS, featured per-problem performance-based scaffolding, test-taking
functions and solution feedback. The tutors, CircuitlTS (CITS) and Circuit Test Taker (CTT), were
developed as circuit analysis tutoring systems designed to enhance learners’ metacognitive
strategies for solving electrical circuit problems supplementary to classroom instruction.

Current Study

The purpose of this experimental research study was to examine the relationship between an
instructional intervention and students’ learning outcomes, self-efficacy and anxiety. Moreover,
this study examined if an MLE-based tutoring system affected students’ self-efficacy or anxiety
and if those affective domains impacted student achievement. Participants involved in this part of
the study were undergraduate students enrolled in an engineering course at a public research
institution in Illinois.

This research study aimed to answer the following questions:
a) Did the use of CITS or CTT predict students’ problem-solving self-efficacy or anxiety?

b) Among students who used CITS or CTT, was problem-solving self-efficacy or anxiety related
to students’ exam scores?

Study Procedures

One section of students (n = 37) enrolled in an advanced Circuit Analysis (Network Theory)
course were randomly assigned to one of the two treatment groups (CITS or CTT). Over the course
of a semester, students were encouraged to engage with the MLE tutors when studying and in their
spare time. Three course examinations and three surveys were administered to intervention groups’
participants enrolled in the course over the duration of the semester in the Spring of 2018. Survey
data were collected online through Qualtrics and processed by the researcher. This study’s research
design consisted of a multilevel longitudinal structure. This study sought to analyze differences
among the intervention groups’ participants to assess changes in student achievement and to
correlate those changes with students’ problem-solving self-efficacy and anxiety.

The College of Engineering granted access after consent was given by the department. Collection
of student survey data occurred during the semester within a week of the administering each



midterm exam. Students’ problem-solving self-efficacy and anxiety was measured by the Network
Theory Self-Efficacy Inventory (NTSEI) rating scale. This was an adopted and modified version
of the Mathematics Self-Efficacy Questionnaire (MSEQ) developed by May [31]. Both the NTSEI
and MSEQ are 29-item scales that employed ordinal response items (1= Never to 5= Usually) that
measured students’ problem-solving self-efficacy and anxiety [30, 32]. For scale interpretation,
higher problem-solving self-efficacy scores indicated higher self-efficacy and lower anxiety scores
indicated lower anxiety.
Study Results
RQ1

The first research question investigated the effects of the use of the MLE tutor on students’
problem-solving self-efficacy and anxiety. More specifically, the first research question
investigated if the type of intervention (CITS vs. CTT) was related to students’ problem-solving
self-efficacy (NTSEI) scores. A multilevel means-as-outcomes linear growth model showed a
marginally significant, negative effect of the use of the CITS intervention (So1 = -0.48; p = .054)
on NTSEI scores (where Soz is the effect of the CITS intervention on NTSEI scores) with a medium
to large effect size. Specifically, among students who utilized the CITS intervention, their related
problem-solving self-efficacy scores were lower than those students who utilized the CTT
intervention. Furthermore, there were no significant effects of either intervention on students’
problem solving anxiety (PSA) scores.

RQ2

The second research question investigated the relationship between students’ problem-solving
self-efficacy, anxiety and student achievement. More specifically, this research question sought to
examine if students” exam scores, among students who utilized the CITS intervention, were related
to their problem-solving self-efficacy and anxiety in comparison to those who utilized the CTT
intervention. Results from a multilevel means-as-outcomes linear growth model showed a
statistically significant, positive effect of student NTSEI scores (8,, = 1.30,p < .05) on student
exam scores (where B2 is the effect of NTSEI scores on student exam scores) with a medium to
large effect size. Specifically, among students who utilized the CITS intervention, higher problem-
solving self-efficacy scores were indicative of higher exam scores.

Results from a multilevel means-as-outcomes linear growth model also showed a statistically
significant, negative effect of student PSA scores (5, = -2.38,p < .05) on student exam scores
(where S20 is the effect of PSA scores on student exam scores) with a medium to large effect size.
Specifically, among students who utilized the CITS intervention, as PSA scores increased, exam
scores decreased. Therefore, lower problem-solving anxiety was indicative of higher exam scores.

Discussion and Conclusion



Research related to this study analyzed the relationship between MLE-based digital tutors on
student achievement in an advanced Circuit Analysis (Network Theory) course. Results of
multilevel modeling indicated positive significant differences between the control and treatment
groups with mean student exams scores of both treatment groups higher by as much as 19% over
the course of the semester.

In this part of the research study, the effects of MLE-based digital tutors on student achievement,
problem-solving self-efficacy and anxiety were examined. However, for this portion of the
research study, only the treatment (intervention) groups were analyzed. Examination scores and
survey responses were collected from the treatment groups at three different time points during the
semester. Results suggested that among students who utilized the CITS tutor, their associated
problem-solving self-efficacy (PSA) was significantly lower than that of students utilizing the CTT
tutor by as much as 9%. No significant relationship was found between tutor usage and problem-
solving anxiety. This study’s results also suggested that among students who utilized either version
of the MLE intervention, their associated exam scores increased by 4% when problem-solving
self-efficacy was a predictor of exams scores. That is, the higher students’ problem-solving self-
efficacy, the higher their exam scores. This is supported by the literature and connects current
research findings with theory [33, 34]. Furthermore, this study’s results suggested that among
students who utilized either version of the MLE intervention, their associated exam scores
decreased by 8% when anxiety was a predictor of exam scores. That is, the higher students’
anxiety, the lower their exam scores. This is supported by the literature and connects current
research findings with theory [35, 36].

There have been a number of research studies documenting the effect of students’ affective
domains in engineering disciplines [9,10,37]. More specifically, students’ anxiety and self-
efficacy play a large role in students’ metacognitive performance and mastery of engineering
fundamentals [38]. A learners’ ability to think analytically when solving engineering problems is
critically embedded with their ability for memory recall and cognitive-metacognitive strategies
[9]. According to Hutchison [38] students’ anxiety and perception of their problem-solving
abilities are directly related to their academic achievement, self-confidence and program
matriculation [39]. More specifically, students’ problem-solving self-efficacy can directly impact
their ability to function productively as an engineering student. Similarly, students with high
anxiety are more likely to experience decreased academic readiness and performance [10]. Efforts
to increase students’ problem-solving self-efficacy and decrease anxiety have been met with
varying degrees of success. However, research has suggested that tutoring systems may offer
students support by increasing motivation, self-confidence and academic achievement [40-41].

This research study was paramount because it investigated a gap that was exhibited by lack of
experimental research on affective domains and MLE-based digital tutors in higher education for
engineering majors [38, 42, 43]. This research study was part of a much larger dissertation research
study by Moses [30] which investigated over thirty (30) variables ranging from MLE-based digital
tutor features to student demographics to student attributes to student affective domains to
academic achievement. Further exploratory research examining students’ affective domains is
necessary to analyze any connections to student demographics and student attributes. For instance,
Vitasari [9] suggested that gender and Yanik [10] suggested that ethnicity and engineering major



are important predictors of anxiety. Moses [30] dissertation study collected data on students’
highest math course taken in college, number of engineering courses taken and student
classification (freshman, sophomore, etc.) in addition to student demographics and engineering
major. Analyzing these connections, if any, may be of great interest to researchers and practitioners
attempting to affect positive change in engineering students’ affective domains.
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