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1. Introduction
Many engineering curricula require a computer programming course for first-year students. An
introductory programming course teaches many concepts that may be difficult for students to
learn1-3. Students' responses to conceptual difficulties are influenced by their self-efficacy
beliefs, that is, by their appraisal of their ability to learn these concepts successfully. Students
with higher self-efficacy beliefs are likely to persist in overcoming these difficulties to succeed
in the course, and vice versa. As a result of interacting with difficult concepts, students’ selfefficacy beliefs are also liable to change and evolve during the course. Changes in students’ selfefficacy beliefs may impact their decision to select a certain engineering major or even
persistence in the engineering. For instance, if taking a programming course decreases a
student’s self-efficacy beliefs, then that student may be demotivated enough to drop out of
engineering.
Engineering education researchers have been studying the impact of students’ self-efficacy beliefs
on their academic achievement and persistence in engineering4. Studies on self-efficacy of
engineering students have been conducted in the context of team discourse and student
achievement5, engineering design projects6, and developing validated self-efficacy instruments for
engineers7. Moreover, there is evidence in literature on measuring self-efficacy of engineering
students in the context of programming8-9. Askar et al., examines factors related to self-efficacy
for Java programming in first year engineering students. These factors include gender, computer
experience, general computing skills, frequency of computer use, and family computer usage.
Findings from this study confirm the link between students’ self-efficacy beliefs and their choice
of subject. It was also found that computer engineering students had higher self-efficacy beliefs
compared to students from electronics or industrial engineering8. Another study found that the
number of programming courses and the achievements of students in those courses predicts their
programming self-efficacy9. Although, these studies examine engineering students’ self-efficacy
beliefs in programming courses, there is little evidence on how programming changes students’
self-efficacy beliefs.
Understanding changes in students’ self-efficacy beliefs can help programming educators design
appropriate interventions to counter the demotivating factors related to self-efficacy. This
understanding may also help engineering educators devise appropriate means to help students
understand the significance of programming for engineering. This proposed study aims to
investigate the relationship between programming self-efficacy beliefs of first-year engineering
students and their experience taking an introductory programming course. The self-efficacy
construct from Bandura’s Social Cognitive Theory (SCT)10 will be used as a theoretical
framework to guide the different stages of the proposed study. We use a sequential explanatory
mixed-methods design, in which a main quantitative phase uses a validated computer
programming self-efficacy scale, followed by a qualitative phase, using semi-structured student
interviews. During the integration phase, findings from both quantitative and qualitative phases

will be mixed to understand the phenomenon in a holistic manner. Finally, SCT will be used as a
lens to analyze the combined findings from both phases of the study.
2. Research Question(s)
Mixed-methods research follows from a pragmatic perspective, hence the research questions
guide and determine the entire process such as selection of research design, sample size, and data
collection methods11-13 The research questions for this study are:
1.   The overarching research question is: “What is the relationship between engineering
students’ programming self-efficacy beliefs and their experience learning computer
programming?"
2.   The quantitative research question is, “Are there differences in students’ programming
self-efficacy beliefs after taking an introductory computer programming course?"
3.   The tentative qualitative question is, "Why do we observe differences in students’
programming self-efficacy beliefs as a result of taking an introductory programming
course?"
3. Mixed-methods research design
The research design selected for this study is the mixed-methods sequential explanatory design11.
This research design consists of two distinct phases: quantitative followed by qualitative. The
rationale behind this research design is that the first quantitative phase (data and analysis)
provides a general understanding of the problem. The qualitative data analysis further provides
an in-depth and refined understanding of the problem because it explores participants’ views in
detail11,14. Finally, both quantitative and qualitative results will be interpreted and explained.
These steps are illustrated in Figure 1 and discussed in subsequent sections.

Figure 1: Phases of the study, procedures used and end product of each step14

3.1. Phase 1 - Quantitative study
We will use stratified random sampling15 to collect data from 12 institutions in the United States
that require a computer programming course for undergraduate engineering students (2
baccalaureate institutions, 2 master’s universities, and 8 doctoral universities). Since different
types of institutions have different academic structures, and different types of academic support
for the students, it is important to understand how students’ programming self-efficacy beliefs
change as a result of taking a programming course in different contexts. Such a multi-institution
study will not only help understand student satisfaction and retention in engineering, but will
also increase the generalizability of the study16. Moreover, we select those universities, which
use Java to teach programming as Java is one of the most frequently used languages to teach
programming to undergraduate engineering students17. The data from each institution will be
collected so that it is representative of race, gender, and ethnicity of the students. Using power
analysis for two-tailed pair t-tests with alpha = 0.01, power = 0.8, and small effect size18, the
desired sample size for the study is 296 after considering a 10% response rate, which means that
the survey should be sent to a minimum of 2960 students across the 12 institutions to be able to
collect the desired sample.
To investigate self-efficacy in a computer programming course, we will use the validated
Computer Programming Self-Efficacy Scale (CPES), which was developed by Ramalingam and
Wiedenbeck19. Since self-efficacy of a persons’ abilities change depending on the domain, it
must be measured by an instrument that is pertinent to that domain10. The 32 items of CPES is
preceded by the words “I could”. The strength of self-efficacy was measured by recording
student responses on a 7-point Likert scale ranging from 1 to 7 (1 = “not confident at all”, to 7 =
“absolutely confident”). The scale was developed in the context of object-oriented programming
in C++, but has also been adapted for Java20. For our study, we will use the Java adapted version
of the scale. The adapted CPES will be administered as a pre- and post-survey, once during the
first week of the semester and once during the last week of the semester. We want to see how
students’ self-efficacy beliefs change over time, hence, we want the two tests to be well-spaced
in time so that students do not remember their responses on the pre-test. We will also collect
student demographic and background information (e.g., SAT scores, prior programming
experience) at the beginning of the semester, midterm grades, and final grades.
We will conduct hypothesis testing using two-tailed paired t-tests on the pre- and post- survey
data. During this phase it would be useful to compare the results with the initial research
question to determine the extent to which the research question was answered by the results.
Moreover, these results can then also be checked for criterion-related validity11 by relating them
with the self-efficacy construct of Bandura’s SCT.
3.2. Phase 2 - Mixing of Quantitative and Qualitative data
In this phase, the quantitative and qualitative strands of the study will be mixed. The quantitative
findings from the previous phase will be used to inform the qualitative phase11,14. The first step
in the mixing phase is to refine the qualitative research question based on the findings of the
quantitative data analysis. The second step is to design and pilot the data collection protocol. In
this case, we will develop a semi-structured interview protocol, which is the key artifact obtained
as a result of mixing the quantitative and qualitative strands of the study. Based on the findings
of the quantitative phase and by using Bandura’s SCT, the interview protocol will be developed.

Recognizing that a pilot may help us uncover flaws and limitations of the interview protocol21,
one will be conducted and necessary revisions will be made based on it. Moreover, to ensure
communicative validity22, the interview protocol will also be discussed with colleagues and will
be refined, based on their feedback.
3.3. Phase 3 - Qualitative study
During this phase, we will select two institutions of each type (six institutions in all) and recruit
interview participants from the same group of students who will fill the pre-survey, post-survey,
and will provide demographic and grade information. Maximum variation sampling will be used
to select interview participants for this phase; this type of sampling not only documents diversity,
but also helps identify common patterns across diversity23. Selected students will be sent an
email inviting them for the interview. Students who volunteer to be interviewed will be asked to
sign consent forms. Qualitative research does not rely on large sample sizes11,23. Hence, it is
expected that at least 10 – 15 students will volunteer to be interviewed from each of the six
selected institutions (60 to 90 students). Face-to-face interviews will then be conducted and
audio recorded. Interview transcripts will be transcribed verbatim to facilitate subsequent data
analysis15.
Before the interview transcripts are analyzed, they will be sent to interview participants for
member checking, to ensure communicative validity23. Once member checking is done, the
transcripts will be analyzed using thematic analysis procedures24,25. Since the study is using
Bandura’s SCT, it is appropriate to use this framework to guide the data analysis procedures as
well. In qualitative research, reliability can be seen as the usage of appropriate methods to ensure
consistency in data collection and interpretation26. Keeping this point in view, the transcripts will
be coded separately by two researchers to ensure inter-rater reliability.
3.4. Phase 4 - Integrating quantitative and qualitative results
The final phase of the mixed-methods study is to integrate the quantitative and qualitative strands
of the study. In explanatory designs, the key question to ask during the integration phase is: In
what ways do the qualitative data help to explain the quantitative results11,23? On the other hand,
it is also important to ask how numbers explain the qualitative results23. Moreover, the SCT can
be used here to make sense of the integrated findings. Finally, a display linking qualitative
themes to quantitative findings may aid in understanding the results and in answering the
overarching mixed-methods research question11.
4. Conclusions
This paper discusses the details of a proposed sequential mixed-methods explanatory study,
which aims to investigate the change in undergraduate first-year engineering students’ selfefficacy beliefs after taking an introductory programming course. In this study, quantitative data
will be collected first using a validated computer programming self-efficacy scale. The findings
from the quantitative data will inform the design of the qualitative phase of the study. Qualitative
data will be collected and analyzed. The quantitative and qualitative findings will be integrated
to answer the overarching research question of the study and Bandura’s SCT will be used as a
lens to analyze the findings of the study.
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