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Abstract 

Programming is a core subject introduced in the first year of an Undergraduate Computer Science 

programme. Since programming is a core subject, it is a major concern that high attrition and failure 

rates continue to be reported in such courses. Evidence from the literature suggests that programming 

is cognitively demanding, and the solutions proposed have had minimal impact on students in 

introductory programming courses. However, in the literature on learning theory, there is evidence 

suggesting that the self-efficacy beliefs of students affect their engagement, and that their engagement 

affects their performance. In the literature on introductory programming courses, there is a lack of 

research examining the effect of self-efficacy on engagement, and the effect of engagement on the 

programming performance of students. This leaves a gap in programming research that this research 

seeks to fill. Based on student engagement frameworks in the literature on learning theory, a 

conceptual model was developed. To operationalise and validate the conceptual model within the 

context of learning programming, a study consisting of focus group interviews and a survey on 

students in introductory programming courses is proposed. The results of the survey will be analysed 

using structural equation modelling (SEM) techniques.   

Keywords: programming, self-efficacy, engagement. 

 

 



1 MOTIVATION FOR THE RESEARCH 

Programming is a core subject introduced in the first year of an Undergraduate Computer Science 

programme. The course equips students with the fundamentals of programming, and with the skills to 

code solutions to programming problems. In the last two decades, there is increasing concern over the 

high failure and attrition rates reported in introductory programming courses. For instance, the 

Queensland University of Technology in Australia reported more than 30% failure rates every 

semester (Teague and Roe, 2009), while the University of Glasgow in Scotland reported that only 50% 

of students obtained at least a grade C between 2002 and 2003 (Mancy and Reid, 2004). Similarly, 

other researchers have reported alarming failure and attrition rates in introductory programming 

courses (Sheard and Hagan, 1998; Rountree and Rountree, 2003; Kinnunen and Malmi, 2006).  

Research into the difficulties of learning programming goes as far back as the 1970s, suggesting a 

long-standing issue with learning programming (Weinberg, 1971; Soloway and Spohrer, 1989; Robins, 

Rountree and Rountree, 2003; Whalley and Lister, 2009). These reported difficulties may be 

categorised into two broad categories: demanding cognitive load, and the behavioural traits of the 

student. They appear to have occurred irrespective of the type of programming language, 

programming environment, and programming paradigm used in the introductory programming course.   

To help students overcome the cognitive demands of learning programming, a multitude of solutions 

have been proposed. The solutions include using educational technologies for learning programming 

(Langton, Hickey and Alterman, 2004; Hou and Austin, 2007), improving the course content (Moskal, 

Lurie and Cooper, 2004; Ford and Venema, 2010; deBry, 2011), and identifying predictors of 

programming success (Rountree, Rountree and Robins, 2002; deRaadt et al., 2005). However, the 

solutions have had minimal impact on the students, and there appears to be little uptake of these 

solutions at the tertiary education sector. 

On the other hand, strong correlations have been reported between the behavioural traits of the student 

and their performance in programming (Wiedenbeck, 2005; Hughes and Peiris, 2006). Despite this, 

research on the behavioural traits of students in introductory programming courses is limited, 

suggesting a possible gap in programming research.  

1.1 Research Gap 

While a demanding cognitive load is considered as an external factor which is not within the control 

of the student, research in learning theory suggests that internal factors such as behavioural traits are 

controllable and alterable by the student, which appear to have a stronger influence on learning and 

performance (Wigfield, 1994). Two behavioural traits which are of importance to this research are 

self-efficacy and student engagement.  

Research in learning theory suggests that strong correlations have been observed between the self-

efficacy beliefs and the performance of students (Zimmerman, 2000; Yip, 2012). However, from their 

reading of the literature up to that time, Linnenbrink and Pintrich (2003) argued that self-efficacy 

impacts on how students engage in learning, and engagement then impacts on the performance of the 

student. Despite the tendency of succeeding researches that supports this view, the actual links 

between self-efficacy, engagement, and the student’s performance in learning programming have not 

been tested. This highlights a gap in programming research which this research proposes to fill, which 

is to examine the link between self-efficacy, engagement and programming performance. 

 

 



1.2 Research Question 

This research seeks to examine the effect of self-efficacy on engagement, and the effect of 

engagement on the performance of students in an introductory programming course. This translates 

into the following research question: 

What is the effect of self-efficacy on engagement, and the effect of engagement on the performance of 

a student in an introductory programming course? 

The objective of this research is to examine: 

 the effect of self-efficacy on the student’s engagement in an introductory programming course. 

 the effect of engagement on the student’s programming performance. 

1.3 Expected Contribution of this Research 

It is hoped that the resulting model and survey instrument from this research may benefit teachers and 

students in introductory programming courses. The model may help explain the effect of a student’s 

self-efficacy beliefs when learning to program, and how their self-efficacy beliefs may affect the 

extent of their engagement, which then affects their programming performance. Teachers may use the 

survey instrument to assess the self-efficacy beliefs, the extent of the student’s engagement, and how 

these affect might their programming performance. The findings from the survey could lead to early 

detection of disengagement from learning programming. Teachers may then intervene in the student’s 

learning in order to help improve the student’s programming performance. This study may also create 

awareness in students and the survey instrument might enable students to assess the impact of their 

self-efficacy beliefs in learning to program on their engagement, and how their engagement then 

affects their programming performance. 

2 LITERATURE REVIEW 

2.1 Behavioural factors that affect programming performance  

Self-efficacy, learning strategies, and self-perceptions are three behavioural factors that have been 

identified as possible influencers of programming performance. Self-efficacy is what an individual 

believes he or she is able to do, rather than their characteristics, personality or psychological traits. It 

is a stronger predictor of behaviour than outcome expectations or previous performance (Bandura, 

1977; Zimmerman, 1995). The concept of self-efficacy has its roots in Bandura’s Social Cognitive 

Theory, which is discussed in the next section.  

In programming research, findings suggest that a strong correlation exists between the self-efficacy 

beliefs of students in introductory programming courses and their programming performance. 

Research on the self-efficacy beliefs of students in introductory programming courses appears to 

emphasise the attributes that are strong predictors of self-efficacy beliefs (Askar and Davenport, 2009; 

Wiedenbeck, 2005; Ramalingam and Wiedenbeck, 1998). Yet other researchers suggest that self-

efficacy affects programming performance (Kinnunen and Simon, 2011; Wiedenbeck, 2005; 

Ramalingam et al., 2004).  

Relevant to this research is the finding that proposes that self-efficacy affects computer interest, and 

that the interest in programming then affects the student’s performance in programming (Wiedenbeck 

et al., 2007). Interest is an indicator of behavioural engagement, which is discussed in Section 3.2. 

This finding suggests a possible link between self-efficacy in learning programming, engagement, and 

programming performance. 

Additionally, other studies suggest that the selection and use of a learning strategy (Hughes and Peiris, 

2006; deRaadt et al., 2005; Simon et al., 2006), and lack of motivation and confidence (Kinnunen and 

Malmi, 2006; Teague and Roe, 2008) appear to have an impact on the performance of students in 

introductory programming courses. As a result, students in introductory programming courses find 

programming to be less enjoyable and are less confident (Teague and Roe, 2008). 



 

3 THEORETICAL FOUNDATIONS 

3.1 Self-efficacy and Social Cognitive Theory 

Bandura proposed the self-efficacy construct to predict and explain behavioural change in individuals 

(Bandura, 1977). Self-efficacy beliefs may determine how an individual copes with a difficult task, 

the effort they invested, and their persistence in pursuing a task that is perceived to be difficult 

(Bandura, 1977).  

Self-efficacy is defined as “people’s judgments of their capabilities to organize and execute courses 

of action required to attain designated types of performances” (Bandura, 1986, pg. 391). This 

definition implies that the degree of success in completing a specific task or an activity may be 

influenced by the individual’s perception of their ability, and that their self-efficacy beliefs may differ 

between tasks. An individual may demonstrate high self-efficacy on one task but low self-efficacy in 

another task. Therefore, within the context of this research, self-efficacy refers to the student’s 

judgment of their ability to learn to program. 

The self-efficacy construct is an important component in Bandura’s Social Cognitive Theory (SCT) 

and is based on the premise that human beings have the ability to control their thoughts, feelings, 

motivation, and actions (Bandura, 1977; Bandura, 1986). SCT explains human behaviour based on 

three interacting determinants which are components of a triadic reciprocality (see Figure 1). The 

three interacting determinants include personal factors, behaviour, and the environment. Human 

behaviour may be described as an interaction between the personal factors, the behaviour of an 

individual, and the environmental sources surrounding them (Bandura, 1986).  

 
Figure 1.  Three-way relationship in triadic reciprocality (Bandura, 1986, pg. 24) 

3.2 Student Engagement 

How students stay motivated and how they persist in learning have long been of interest to learning 

theorists. Student engagement is one construct that has recently emerged as a primary theoretical 

model for determining which students are likely to fail and dropout from school, and for improving 

student motivation and achievement (Finn 1989; Appleton et al., 2008; Christenson et al., 2012).  

The engagement construct is viewed as a multi-dimensional construct which is malleable, responsive 

to contextual factors such as policies and practices of school, family influences, and peers, and 

alterable based on environmental changes (Fredricks et al., 2004; Appleton et al., 2006). There is 

value in understanding and examining engagement as engaged students create conducive learning 

environments for themselves, display productive achievement behaviours, expend effort and persist 

when faced with difficult tasks, seek help, and self-monitor their learning activities (Schunk and 

Mullen, 2012). Positive outcomes such as academic success, social, and emotional learning outcomes 

have been observed as a result of students engaging in learning, and an engaged student is less likely 

to drop out from school (Fredricks et al., 2004; Appleton et al., 2006; Finn and Zimmer, 2012). The 

engagement construct has been shown to be iterative, as positive engagement improves outcomes, and 

an improved outcome will further strengthen engagement (Fredricks et al., 2004; Appleton et al., 

2006). 



Over the years, several student engagement frameworks have been proposed. Some examples include 

Finn’s Participation-Identification Framework (Finn, 1989), Linnenbrink and Pintrich’s framework 

(Linnenbrink and Pintrich, 2003), framework by Appleton and colleagues (Appleton et al., 2006), 

High School Survey of Student Engagement (HSSE) (Yazzie-Mintz, 2007), Australian Survey of 

Student Engagement (Coates, 2010), and Reschly and Christenson’s Student Engagement framework 

(Reschly and Christenson, 2012). These frameworks vary in their identification of dimensions of 

engagement and the indicators used to measure student engagement. Of relevance to this research is 

the framework by Linnenbrink and Pintrich (see Figure 2).  

 

 

Figure 2.  General framework for self-efficacy, engagement, and learning (Linnenbrink and 

Pintrich, 2003) 

Linnenbrink and Pintrich (2003) proposed the general framework in Figure 2 in order to examine the 

effect of one contextual factor - self-efficacy - as an influencer of student engagement, learning, and 

achievement. While the behavioural and cognitive engagement dimensions appear to be common 

across the various engagement frameworks, the motivational engagement dimension has also been 

referred to as emotional engagement (Betts et. al., 2010), psychological engagement (Appleton et. al., 

2006), and affective engagement (Reschly and Christenson, 2012). Although the framework in Figure 

2 has not been tested, subsequent research does suggest a link between self-efficacy, engagement, and 

student performance (Walker et. al., 2006; Bresó et. al., 2006). Additionally, the subsequent 

engagement frameworks by Appleton and colleagues, and Reschly and Christenson, do propose a 

similar link, but within a wider set of contextual factors that affect student engagement. Therefore, 

this research proposes to closely model the framework in Figure 2 based on evidence from the 

literature in learning theory that suggests that there is a link between self-efficacy, engagement, and 

learning and achievement. 

4 PROPOSED CONCEPTUAL MODEL AND RESEARCH 

HYPOTHESES 

The proposed dimensions and indicators for each construct and their corresponding hypotheses are 

discussed in this section. The conceptual model proposes three engagement dimensions – behavioural, 

cognitive, and emotional. Table 1 provides a summary of the proposed indicators for each 

engagement dimension. The table presents evidence from researchers who have examined the 

relationships between self-efficacy and engagement, and the relationship between engagement and 

performance at the tertiary education sector. The information was derived from the literature on 

programming at the tertiary education section and from research in the broader field of learning theory 

at the tertiary level. 

 



 

Dimension Indicators Authors (programming) Authors (other disciplines) 

Behavioural Effort McKinney and Denton 

(2004); Ventura (2005) 

Bandura (1977); Zimmerman (2000); 

Pintrich and Schunk (1996); Dupeyrat 

and Marine (2005); Diseth et al. (2010); 

McLure et al. (2011) 

Persistence  Bandura (1977); Zimmerman (2000); 

Pintrich and Schunk (1996); Bye, 

Pushkar and Conway (2007); Pintrich et 

al. (1991); Sansone and Smith (2000)  

Cognitive Deep learning 

approaches 

Hughes and Peiris (2006); 

deRaadt et al. (2005); Simon 

et al. (2006); Yip (2012) 

Phan (2011); Pintrich and DeGroot 

(1990); Schunk and Mullen (2012) 

Surface learning 

approaches 

Emotional Affect Teague and Roe (2008); 

Rodrigo et al. (2009) 

Sheard, Carbone and Hurst (2010) 

Interest McKinney and Denton 

(2004); Wiedenbeck et al. 

(2007) 

Linnenbrink and Pintrich (2003); 

Bandura (1977) 

Table 1.  Evidence of literature examining the indicators of engagement 

Based on Table 1, evidence from the literature suggests that effort and persistence are potential 

indicators of behavioural engagement, while deep and surface learning approaches are associated with 

the learning strategy of a student, and are potentially indicators of cognitive engagement. Additionally, 

affect and interest appear to be possible indicators of a student’s emotional engagement in learning.   

Figure 3 presents the proposed conceptual model for this research and the proposed hypotheses. 

 

 
Figure 3.  Proposed Conceptual Research Model with Hypotheses 

The programming self-efficacy construct proposes two indicators: pre-self-efficacy and post-self-

efficacy. This research proposes to measure the changes in self-efficacy beliefs prior to the 

commencement of and after the completion of the introductory programming course. 

The dependent variable, programming performance, refers to the student’s extent of success in 

attaining the outcomes of the introductory programming course, and is proposed to be assessed using 

course grades. Course grades are expected to provide an objective measure of the student’s ability and 

level of understanding in the programming course. Additionally, the framework in Figure 2 suggests 

that an iterative relationship exists between performance and self-efficacy. Therefore, a relationship is 

proposed between the programming performance and programming self-efficacy constructs. 



Table 2 presents the corresponding hypotheses for the proposed conceptual model in Figure 3. 

 
Self-efficacy: H1 Post- self-efficacy beliefs in learning programming will be higher than pre- self-efficacy 

beliefs in learning programming 

Self-efficacy and engagement Engagement and programming performance 

H2: High self-efficacy beliefs in learning programming 

will have a positive impact on effort. 

H3: High self-efficacy beliefs in learning programming 

will have a positive impact on persistence. 

H4a: High self-efficacy beliefs in learning programming 

will result in deep learning approaches. 

H4b: Low self-efficacy beliefs in learning programming 

will result in surface learning approaches. 

H5: High self-efficacy beliefs in learning programming 

will have a positive impact on affect. 

H6: High self-efficacy beliefs in learning programming 

will have a positive impact on interest. 

H7: High effort will have a positive impact on 

programming performance. 

H8: High persistence will have a positive impact 

on programming performance. 

H9a: High deep learning approaches will have a 

positive impact on programming performance. 

H9b: Low surface learning approaches will have a 

negative impact on programming performance. 

H10: High affect will have a positive impact on 

programming performance. 

H11: High interest will have a positive impact on 

programming performance. 

Programming performance and self-efficacy: H12: High programming performance will lead to high post-

self-efficacy beliefs in learning programming. 

Table 2.  Proposed hypotheses for the conceptual model 

Other intervening variables that are likely to influence the proposed conceptual model is currently 

being examined and will be addressed during the research design stage.  

5 PROPOSED METHODOLOGY 

5.1 Theoretical Perspective 

The epistemological and ontological perspective of this research is based on a positivist view. The 

positivist stance of the researcher is based on the field of sciences, where theory is used as a means to 

explain, predict, and test a phenomenon (Gregor, 2006). This research develops a conceptual model 

based on theoretical foundations, which will be used to explain, predict, and test the link between self-

efficacy, engagement, and the programming performance of the student. Therefore, this approach 

corresponds to Gregor’s positivist view of reality and existence.   

5.2 Research Design 

This research proposes a mixed methods approach, which combines both the quantitative and 

qualitative approaches. A mixed methods research approach is proposed in this research for the 

purpose of facilitation, as one approach is employed in order to aid research which uses another 

research approach (Hammersley, 1996). This is because a qualitative approach using focus group 

interviews is needed to refine the proposed conceptual model, followed by a quantitative approach 

using survey questionnaires to test and validate the conceptual model. This study proposes a four-

phased approach to test and validate the conceptual research model. The stages are briefly described 

as follows: 

Phase 1: Pre- programming self-efficacy survey – This phase involves a survey at the start of an 

introductory programming course in order to collect data on the programming self-efficacy scores of 

the students. 

Phase 2: Focus Group – Construct Validation – This phase involves focus group interviews with 

students during the introductory programming course in order to refine the conceptual model.  

Phase 3: Survey – Testing the conceptual model – At the end of the introductory programming course, 

a survey will be administered to address the research questions. 

Phase 4: Administer survey to other cohorts – This phase will involve the administration of phases 1 

and 3 to other introductory programming cohorts. 



5.3 Data Collection and Data Analysis 

The focus group in Phase 2 will be organised mid-way through the instruction of the course. A group 

of 5 to 10 students will be selected from an introductory programming course. The focus group 

session will be recorded and transcribed. The transcribed data will be analysed in a three-step process 

involving reducing data, displaying data, and drawing and verifying conclusions, as suggested by 

Miles and Huberman (1994). Should any new indicators surface as a result of the analysis of the data, 

the focus group session will be repeated towards the end of the course to confirm the new indicators. 

Findings from the data analysis will then be used to refine the engagement dimension of the 

conceptual research model. 

The data collected from Phase 1 and Phase 3 of this research will be analysed using a Structural 

Equation Modeling (SEM) technique. Chin (1998) suggests that SEM is preferred over other 

techniques like principal components analysis, factor analysis, discriminant analysis, or multiple 

regressions. SEM offers flexibility in the interplay between theory and data. As the indicators 

proposed in this conceptual model are reflective of the construct, a component-based approach using 

Partial Least Squares (PLS) will be used in analysing the data. Additionally, the SEM technique is 

proposed in this research, as it enables flexibility in the modelling of multiple predictor and criterion 

variables (Chin, 1998).   

5.4 Research Sample 

The sampling technique used would be purposive sampling. The target population for this research 

would be students who are enrolled in an introductory programming course at a college or university. 

To ensure representativeness of the sample, this research proposes an international study, with data to 

be collected in Malaysia and New Zealand. Students enrolled in introductory programming courses in 

colleges and universities in other countries may be approached to participate in the research. This 

depends on the accessibility of the research participants, and the timing of the commencement date 

and end date of the introductory programming course.  

6 PROPOSED TIMELINES 

The proposed research was submitted and presented to the school on March 2013. Comments and 

feedback were received from the presentation and the proposal is currently undergoing revisions. It is 

expected that the revisions will take between 2 – 3 months before the researcher proceeds to the next 

stage of developing the survey instrument for Phase 1 of the research, and the interview protocol for 

the Phase 2 of this research. Figure 4 outlines the proposed timelines for this research, commencing 

from the completion of the research proposal, to the completion and submission of the final thesis. 

 

 
Figure 4.  Proposed timelines for this research 
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