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Objectives. The increasing demand for computing skills has led to a rapid rise in the development of new computer science
(CS) curricula, many with the goal of equitably broadening participation of underrepresented students in CS. While such
initiatives are vital, factors outside of the school environment also play a role in influencing students’ interests. In this paper,
we examined the effects of students’ perceived parental support on their interest in computer programming and explored the
mechanisms through which this effect may have been established as students participated in an introductory CS instructional
unit.
Participants. This instructional unit was implemented with upper primary (grade 5) school students and was designed to
broaden trajectories for participation in CS. The participants in the current study (N=170) came from six classrooms in two
rural schools in the western United States.
Study Method. The seven-week instructional unit began with students playing a commercial CS tabletop board game that
highlighted fundamental programming concepts, and transitioned to having students create their own board game levels in
the block-based programming language, Scratch. Further, because the board game could be taken home, the instructional unit
offered opportunities to involve the family in school-based CS activities. To investigate the effect of students’ perception of
parental (specifically father and mother) support on their interest in and self-efficacy to pursue CS, we surveyed students
before and after the unit’s implementations and explored the structural relationship of the data using structural equation
modeling (SEM).
Results. We present three findings. First, the combined effect of students’ perceived mother’s and father’s support measured
prior to the implementation (pre-survey) predicted students’ self-efficacy (Std B = 0.37, SE = 0.010, p < .001) and interest
in computer programming (Std B = 0.328, SE = 0.134, p < .003) measured after the implementation (post-survey). Secondly,
the combined effect of perceived mother and father support (Std B = 0.132, 95% CI [0.039, 0.399], 99% CI [0.017, 0.542]) on
students’ interest was mediated by whether or not they took the CS board game home.
Conclusions. Our findings indicate that perceived parental support has the potential to play an important role in students’
self-efficacy and interest in computer programming and that providing opportunities for students to bring CS artifacts home
has the potential to further affect students’ interest in computer programming.
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1 INTRODUCTION
Research has shown that when parents value something their children tend to value it too [85]. Accordingly,
research has explored the role that parental support plays [54] in influencing students’ interest, belief in their own
abilities to perform a task (i.e., self-efficacy), and subsequent career choices [42, 59, 60, 78]. While the existing
research in this area helps establish a correlation between students’ perceived parental support, self-efficacy, and
interest, there is a need for research that explores how perceived parental support is related to youths’ self-efficacy
and interest in computer programming. A more comprehensive understanding of the interdependencies between
these concepts has the potential to inform the design of CS interventions intended to broaden the participation
of underrepresented and underserved group in CS.

In this paper, we use a socio-cognitive lens to explore grade 5 students’ affect prior to and after participating in
an instructional unit for introductory CS designed to broaden the participation of upper primary school students
(ages 10-11) at two rural primary schools in the western United States. Underlying the design of the unit was
the conjecture that playing board games has the potential to support learning and reasoning [13], including
developing foundational knowledge for programming. The instructional sequence started with students playing
an unplugged computer science-themed tabletop board game called //CODE: On the Brink, which included
fundamental programming concepts in its game mechanics [61]. The board game featured levels, or challenges,
where players navigated an agent (a robot token) along a grid-based path from the ’Start’ to the ’Finish’ by
programming its movements. After playing the game, students designed their own board game levels using
the block-based programming language Scratch. The instructional unit consisted of seven weekly lessons that
spanned the classroom and school library and consisted of both unplugged (board game play) and plugged
activities (programming in Scratch [61]. An important component in the design of the unit was that students
were able to sign out a copy of the board game to take home as they would a book in the school library.

In the following sections, we first review key socio-cognitive constructs that are thought to play important
roles in attracting and retaining upper primary students in CS instruction (self-efficacy, interest, and parental
support). We present our research design, results, followed by our discussion and implications for future research.

1.1 Self-efficacy in CS Education
Self-efficacy is an individual’s belief in their ability to perform a task and plays a critical role in human agency
[8]. In particular, self-efficacy is a major determinant of whether an individual chooses to engage in or avoid an
activity, how much effort that person invests in the activity, and how long they persist in the face of difficulties
[9]. Self-efficacy has been shown to predict student achievement [81] as well as career interest [50].

In studies involving primary and secondary students, researchers have examined the relationship between self-
efficacy in computer programming and career orientation. Studies have found that higher self-efficacy correlated
with intentions to pursue programming in the future. Conversely, low self-efficacy played a role in students’
decisions not to pursue programming. For example, in one study, students’ initial self-efficacy in computing
affected their career identification after participating in a summer camp on programming [5]. In another study of
a summer programming camp, girls who saw themselves as computer scientists and were more confident in their
computing abilities were also more open to a computing career [33]. In a study in Spain [76], the self-concept
of ability, which is a construct that closely relates to self-efficacy, was found to be positively associated with
the intention to pursue a career in CS. Similarly, in another study with secondary-aged girls participating in a
summer camp, confidence in CS and AI was found to be correlated with their interest in pursuing a career in
AI [82]. In a formal learning context, Aivaloglou & Hermans [1] found self-efficacy to be correlated to career
orientation only for female students. In another study conducted in a school that focused on English language
learners [28], students increased in their self-efficacy to program as well as their perception about the value of
STEM careers.
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Numerous studies have focused on the relationship between students’ self-efficacy and career pathways, and
their influences on broadening participation in CS in higher education [2, 14, 15, 25, 27, 36, 47, 53, 66, 72, 75]. In
a study where students were interviewed about their reasons for choosing to study CS [2], students identified
self-efficacy (i.e., the ability to do well) as one of the reasons for choosing a CS major. Another study found
that students’ self-efficacy at the start of a CS1 course predicted their interest at the end of the course [52].
Self-efficacy has also been found to be highly correlated with intention to pursue the study of CS [25] and having
an orientation towards a CS career [66] in undergraduate students.

Self-efficacy has also been linked to issues of inequitable participation in CS according to a subset of this
literature. One study reported that women in college who did not take a computer-related course reported low
computer self-efficacy as a reason [14]. For first-generation women in university, self-efficacy in computing
after an introductory computing course strongly predicted their sense of belonging in the field [15]. Another
study identified the differences in self-efficacy as the main reason for the disparity in participation among
different groups [53]. Hence, the disparity in the initial levels of self-efficacy is an important factor contributing
to inequitable participation in CS [72].

As discussed, a large portion of the research on the relationship between CS education and self-efficacy focuses
on higher education [22], in particular in entry-level CS courses. Much of the research on self-efficacy in primary
and secondary aged-students has occurred in informal learning contexts which are flexible, in that they allow
learners to engage at their own pace and time frame. In contrast, formal education follows a more predetermined
structure [69] allowing students fewer opportunities to pursue their interests and shape their learning experiences.
As such, there remains a need to explore the determinants of self-efficacy and its relationship to interest in CS in
formal contexts at the primary level.

1.2 Interest in CS Education
Self-efficacy plays a critical role in interest development. Research suggests it is a precursor to interest in
that people will develop interest in an activity in which they feel efficacious [50]. In their model of interest
development, Hidi and Renninger [40] propose that interest progresses in four sequential and distinct stages:
triggered situational interest, maintained situational interest, emerging individual interest, and well-developed
individual interest. Situational interest refers to the psychological state and affective reaction to an external
(e.g., an object or an environmental condition) stimulus in the moment, while individual interest is an enduring
predisposition to seek repetitive engagement in an activity over time. In addition, situational interest is the
precursor to individual interest, and it takes time for the former to turn into a well-developed individual interest.

The research on interest and CS education has reported mixed results in that many intervention studies have
not found significant changes in interest [22, 68, 73, 86]. The studies that did show a change in interest did not
explain what factors affected interest in programming other than the ones that are specific to those studies. For
example, AlSulaiman & Horn [3] reported differences in what activities were considered interesting by boys
and girls based on the gendered cultural forms used in the activity. In contrast, Chen et al. [20] reported no
improvement in students’ interest in programming and attributed this to a ceiling effect. These inconsistent results
are also likely due to how interest is measured. Renninger and Hidi [62] state that when measuring interest,
researchers should be clear about how they conceptualize interest; otherwise, the empirical findings may not be
helpful in instructional interventions designed to generate interest in learners.

1.3 Parental Support and CS
According to Social Cognitive Career Theory (SCCT), a positive change in one’s social support predicts a positive
change in that person’s attitudes toward a field or a career [50]. Research on self-efficacy suggests it is influenced
by support from teachers, peers, and parents [51, 85]. Turner and Lapan [78] suggested that parental support can
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have a moderating effect on students’ career self-efficacy. In a subsequent study, Turner et al. [79] developed a
career-related parental support scale, defining categories of parental support. A meta-analysis by Youn et al. [87]
found that all categories of parental support were significantly correlated to students’ career self-efficacy. The
meta-analysis also found that two of these categories, namely, verbal encouragement and emotional support had
the largest effect sizes of all categories. Vekiri and Chronaki [84] developed a survey of parental support for the
computing education context, which includes the dimensions of emotional support and verbal encouragement.
Clarke-Midura et al. [23] adapted this survey further to include items related to perceived parental support
while learning computer programming. They found that children’s perception of parents’ support while learning
programming affected children’s beliefs about its usefulness, and these beliefs affected to what extent they were
interested in programming.

1.4 Linking Self-efficacy, Interest, and Parental Support
Exploring the relationship between students’ perceived parental support, self-efficacy, and interest offers insights
into fostering positive attitudes and effective teaching approaches for computer programming.

As described above, prior research found that self-efficacy is a predictor of one’s interest in a field or a career
[50, 51], and self-efficacy in learning to program is correlated with interest in programming [48]. Parental support
is a form of social support that strongly predicts career interest and aspiration [42, 59, 60, 78], and perceived
parental support in CS is correlated to an increase in CS interest [21, 26]. Students’ perceived support is also linked
to increases in self-efficacy [10]. A parent’s interest in their child’s education has also shown to significantly
impact their attitude and in turn their persistence [71].

Research underscores a positive correlation between parental involvement and students’ achievement motiva-
tion and attitudes [35]. Lent et al. [50] suggested that both parental resources and support influence their child’s
learning experiences, subsequently shaping self-efficacy and outcome expectations. However, the diverse factors
associated with a child’s parents can have distinct effects on student affect, with some exerting a pronounced
influence [30]. The existing literature suggests a connection between parental support and self-efficacy but does
not definitively establish a direct relationship between these two constructs. This study contributes to the field by
examining the direct relationship between parental support, self-efficacy, and interest within a single model.

In this study, we specifically focus on parental encouragement to pursue programming, and the expression of
confidence in a child’s abilities. Fisher [32] found that parental encouragement plays a significant role in students’
career decision-making. Additionally, children’s intrinsic motivation improves when parents are consistently
informed about their progress and are provided guidance on how to support their children at home [4, 30]. Such
motivation is further heightened when parents react positively to their children’s academic achievements [30].
Furthermore, when parents project confidence in their children’s potential, it paves the way for a smoother
and less stressful transition to college life [24]. Lent and Brown [49] suggest that individuals are more likely to
translate their career interests into actionable goals when they experience supportive environments, such as
receiving encouraging feedback at home.

However, many of these studies at the primary school level have been done outside the formal CS education
context, leaving the relationship between the constructs of students’ perceived parental support, students’ interest
in computer programming, and self-efficacy in computer programming an understudied area. For example, a
previous study in an informal learning context [21], analyzed the effect of parental support on students’ interest
in and perceived value of CS, but the analysis did not include self-efficacy measures in the model. In a different
study [23], the changes in students’ interest, self-efficacy, and perceived parental support were reported but the
relationships between the three constructs were not explored.

Bresnihan et al. (2021) found that parents who engage in creative programming tasks with their children
gain computing confidence, develop a positive attitude towards computing, and show increased involvement in
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their children’s CS learning. On the other hand, understanding the impact that parental support can have on
students’ affect towards computer programming has implications for the design of CS curricula. Specifically, it
underlines the importance of including elements aimed at influencing students’ perceived parental support into
instructional designs. For example, Harackiewicz et al. [37] sent home educational brochures about the science
and mathematics activities carried out in a 15-month-long unit. Children whose parents were sent the brochures
were more likely to subsequently take advanced STEM courses. In the context of CS education, two studies
describe students taking projects home so that they could show them to their parents [23, 68] to encourage
conversations about CS and careers in CS between students and their parents.

Student interview data in one of the studies revealed that some students were praised by their parents for their
skills in CS, some engaged with their parents in conversations about CS skills and careers, and some reported
spending quality time together while playing with programming projects [23]. The other study [68] also reported
positive effects of sending students’ final projects home. Others have tested the effect of parental involvement on
academic achievement [34, 43, 56] and on student absenteeism and drop-outs [7, 64].

The above findings show how students’ perceived parental support can influence their self-efficacy and interest
in programming. However, to our knowledge, none of these studies looked at the interdependence between self-
efficacy, interest, and parent support. Furthermore, a recent literature review [70] found no conclusive findings
on what instructional design features were effective in improving self-efficacy and interest in programming.

1.5 ResearchQuestions, Aims, and Objectives
To investigate mechanisms through which students’ interest in programming, self-efficacy, and parental support
are related, we address the following two research questions:

(1) Does students’ perceived mother and father support predict students’ self-efficacy to pursue computer pro-
gramming and their interest in computer programming?

(2) Does students’ perceived mother and father support affect students’ interest in computer programming
indirectly through their action of taking the board game home?

While the first research question explored the interplay between students’ perceptions of parental support, their
self-efficacy, and their interest, the second question examined whether a key design feature of the instructional
unit (enabling students to take the board game used in CS activities home) affected students’ interest in computer
programming (see Figure 1). The term “predict” in this paper is used in a statistical sense and does not necessarily
imply causality. While statistical prediction often involves identifying relationships between variables, it doesn’t
automatically establish that one variable directly causes changes in the other.

First, we explored whether students’ perceived parental support as self-reported on a pre-survey predicted
students’ self-reported self-efficacy and interest in programming. Subsequently, we examined whether the effect
of parental support (as self-reported in the pre-survey) on students’ interest was mediated by the action of taking
the CS board game home and (possibly) talking about it with their parents. Overall, the present study addressed
the importance of out-of-school factors by examining the predictive relationship between parental support,
students’ self-efficacy, and interest in computer programming. The present study also explored whether involving
families by sending a CS artifact (in this case, a board game) home with students predicted an increase in students’
interest in programming.

2 METHOD
2.1 Participants
This study was conducted in a rural region of the Western United States. Fifth grade students (N=170) in two
schools that assented to participate and returned the parental consent form participated in the research. In total,
96 fifth grade students (46 girls and 50 boys) across three classrooms from one primary school and 74 fifth graders
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Fig. 1. Model 1 examines whether higher parental support (pre-survey) is associated with a higher self-efficacy and interest
(post-survey). Model 2 examines whether interest is mediated by the action of taking the board game home.

(35 girls and 39 boys) across three classrooms from another primary school participated in the study. 44% of the
students in school 1 and 45% in school 2 qualify for free or reduced-price lunches as per data provided by the
school district.

The instructional unit was taught to all the students in the schools, regardless of whether they participated in
the research. The study was reviewed and approved by the university’s institutional review board (IRB).

2.2 Research Context
The study integrated a commercial paper-based board game in the design of its instructional unit. Board games
have been identified as computationally rich environments, capable of instantiating various computational
concepts through game play, regardless of the players’ awareness of their computational nature [13]. Commercial
board games vary in their designs, but can represent computer science (CS) through actions presented as written
code, algorithmic sequences manifested as player moves, and solutions derived through the application of
conditionals and Boolean logic.

After evaluating multiple options, we developed our instructional unit to use the commercial board game,
//Code: On the Brink published by ThinkFun, as the initial entry point. The game consisted of various levels or
puzzles for players to solve. Each level included a grid where players must program an agent (represented by a
robot token) to move from a ’Start’ square to a ’Finish’ square. Players created procedures, allowing the robot
token to execute commands and navigate from the starting space, as well as any subsequent grid spaces, until it
eventually reached the ’Finish’ square . To form these procedures, players used move cards (e.g., ’Move Forward’,
’Turn Right’, ’Do Nothing’) placed on a control panel (see Figure 2). For instance, placing a ’Turn Right’ in the
first spot and a ’Move Forward’ in the second spot of the control panel for blue would cause the robot to turn
right and move forward one square each time it landed on a blue space.

The instructional unit was comprised of seven weekly lessons that encompassed both the classroom and the
school library. The reason for this was that the partnering schools were exploring the possibility of utilizing the
school library as a setting for implementing CS instruction. The design of our unit was an attempt to provide
support to both the classroom teachers and school librarians in delivering CS instruction.

The typical lesson structure involved a classroom component led by the teacher, lasting up to 20 minutes, after
which students proceeded to their scheduled weekly library time for 30 minutes of CS instruction. In the library,
the school librarian introduced and assisted students working in pairs to: play the physical board game; play a
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Fig. 2. Instructional unit sequence

Scratch version of the same game; design their own game level on paper using colored paper pieces and pencils;
and program their level in Scratch for their peers to attempt (see Figure 2).

2.3 Data Collection
The study was designed as a one-group pre-post survey. The research team collected survey data at both the
outset and completion of the instructional unit. All items were measured on a Likert scale ranging from 1 to 6,
with “1” denoting “strongly disagree” and “6” indicating “strongly agree.

2.4 Measures and Covariates
The survey items were taken from a validated survey developed in another study [23], which had adapted the
survey for use in CS education from established and validated surveys for STEM, e.g., [19, 31, 84]. Based on
our model described above, four constructs were included: 1) mother support (MS) and 2) father support (FS),
which measured students’ perception of the encouragement, confidence, and importance shown by their mothers
and fathers in the students’ ability to program; 3) self-efficacy (SE) or students’ belief in their ability to learn to
program and become a proficient coder; 4) interest in programming (IP), which measured students’ interest in
computer programming (see Table 1). We also identified students who voluntarily took the board games home
and reported it on the post-survey. Coded as a binary yes/no item, the TakeHome variable served to measure
whether taking the board game home acted as a mediator between students’ perceived parental support and their
interest.

Building on the premise that self-efficacy is an important factor in students’ interest in programming, the
SE items in our survey were framed as inquiries about how students saw themselves in relation to computer
programming (see Table 1). For the variable of interest, Hidi and Renninger’s four-stage model of interest [40] was
adapted in the study that developed the survey [23]. In discussing the different types of interest (e.g., situational
interest vs. individual interest; see [22]), Clarke-Midura et al. [23] underlined the difficulty in differentiating
these different types in practice as no precise measurements have been developed [62]. Therefore, they adapted
measures widely used in the motivation literature to measure students’ interest in and enjoyment of computer
programming [23]. While we agree that interest takes time to develop [40] and that a seven-week instructional
unit may not be able to change students’ individual interest, we hoped that by increasing their self-efficacy in
programming we would trigger their interest, and thus students would develop further interest in programming
that would grow over time.

As described earlier, the present study included multiple survey items for measuring students’ perceived
mother’s support and father’s support (see Table 1). We also gave students the option to take the CS-themed
tabletop board game home with them. The idea was that students would show the board game to and perhaps
play with their parents, leading to conversations about CS and programming skills and careers. Students were
thus asked on the post-survey if they took the board game home.
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Table 1. Survey items, their labels and constructs

Construct Question Label
Interest in Programming Computer programming sounds fun. IP_fun

I think computer programming is interesting. IP_interest
I think computer programming is boring. IP_bore

Mother’s Support My mother has encouraged me to learn computer
programming.

MS_Encourage

My mother thinks I could be a good computer
programmer.

MS_Confidence

My mother thinks I’ll need to learn computer pro-
gramming for the future.

MS_Need

My mother has shown no interest in whether I
learn computer programming.

MS_Interest

Father’s Support My father has encouraged me to learn computer
programming.

FS_Encourage

My father thinks I could be a good computer pro-
grammer.

FS_Confidence

My father thinks I’ll need to learn computer pro-
gramming for the future.

FS_Need

My father has shown no interest in whether I learn
computer programming.

FS_Interest

Self-Efficacy If I took a class on computer programming, I could
do well.

SE_Future

If I wanted to, I could be a computer programmer
in the future.

SE_Career

I think I could do more challenging computer pro-
gramming.

SE_Challenge

I can learn to do computer programming. SE_Learn
I am a good computer programmer. SE_Now
I am confident in my ability to program. SE_Confidence
I can program computers well. SE_Ability

2.5 Psychometrics
In the present study, we used a survey instrument developed and validated by [23]. We performed two separate
explanatory factor analyses (EFA) [46] with varimax rotation [44] to explore the underlying structures of the
measured constructs. For each EFA, Parallel analyses [41] were performed to calculate the optimum number of
factors that represented the underlying constructs.
2.5.1 EFA 1: Parental Support. We performed an EFA that included mother’s support and father’s support
variables. The EFA revealed that survey items underlying the two constructs loaded strongly onto one factor
see Table 4. As can be seen, items related to mother’s and father’s interest did not load strongly onto factor 1,
whereas other items did, thus the mother’s and father’s interest items were dropped from the analyses. Since all
mother’s and father’s support items loaded strongly onto factor 1, they were combined into one construct of
parental support. The Cronbach’s alpha value for the parental support construct was calculated to be 0.89, an
improvement over the Cronbach’s alpha of 0.76 reported by [23] for either mother’s support and father’s support,
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Table 2. Descriptive statistics of survey items at two time points. All items were measured on a Likert scale, ranging from 1-6
with “1” denoting “strongly disagree” and “6” denoting “strongly agree.”

Pre-survey Post-survey
N Mean SD N Mean SD

IP_Fun 156 4.70 1.58 164 4.30 1.71
IP_Interest 156 4.40 1.71 164 4.15 1.85
IP_Bore 156 4.70 1.57 164 4.40 1.66
MS_Encourage 151 3.15 1.69 164 2.60 1.55
MS_Confidence 151 3.88 1.65 164 3.44 1.68
MS_Need 151 3.22 1.68 164 2.93 1.73
FS_Encourage 151 3.23 1.63 164 2.94 1.62
FS_Confidence 151 2.95 1.67 164 2.72 1.71
FS_Need 152 3.70 1.65 163 3.29 1.70
SE_Future 156 4.45 1.38 164 4.21 1.36
SE_Career 154 4.12 1.59 164 4.02 1.68
SE_Challenge 156 3.71 1.68 164 3.66 1.77
SE_Learn 156 4.66 1.44 164 4.41 1.68
SE_Ability 156 3.95 1.62 164 3.85 1.60
SE_Confidence 156 4.19 1.57 164 3.93 1.68
SE_Now 156 3.53 1.56 164 3.57 1.67

suggesting strong construct validity. However, combining the mother’s support and father’s support variables
into a single construct removed our ability to examine the independent effects of mother’s support and father’s
support on students’ interest [6, 21, 58] within the structural equation modeling (SEM) framework.

2.5.2 EFA 2: Self-efficacy and interest. We also performed an EFA on items of self-efficacy and interest (see Table
5). As the items for the two constructs loaded onto two separate factors, interest and self-efficacy were treated as
separate latent constructs in subsequent analyses. The Cronbach’s alpha values for self-efficacy (0.92) and interest
(0.87) showed strong reliability.

A total of 17 survey items were used in the final analyses, including the single item that asked students if they
took the board game home with them.

2.6 Data Diagnostics
Data collected from the surveys were modeled using structural equation modeling. Statistical models were built in
R [77] using the sem( ) function in the Lavaan package [65]. Since all of the variables in the model are measured
on a Likert scale, frequency distributions were created to check normality assumptions [63]. In cases where
assumptions were violated, they were treated as ordered pairs. To address the asymptotic non-normality of
the relatively small dataset, robust maximum likelihood (MLR) estimates were used for the model that used
continuous items, and weighted least squares estimators with mean and variance adjustment (WLSMV) were
used for the mediator model as it used the dichotomous TakeHome variable.

2.7 Analytic Strategy
We used confirmatory structural equation modeling (SEM), which allowed us to test a set of directional relation-
ships between multiple variables [80] and thus, an appropriate method for addressing our research questions.
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Table 3. Descriptive statistics of survey items divided by boys and girls. All items were measured on a Likert scale, ranging
from 1-6 with “1” denoting “strongly disagree” and “6” denoting “strongly agree.”

Boys Girls
Pre-survey Post-survey Pre-survey Post-survey
N Mean N Mean N Mean N Mean

IP_Fun 78 4.95 78 4.54 78 4.45 77 4.06
IP_Interest 78 4.63 78 4.4 78 4.18 77 3.96
IP_Bore 78 4.81 78 4.6 78 4.59 77 4.14
MS_Encourage 76 3.21 78 2.68 75 3.08 77 2.55
MS_Confidence 76 4.08 78 3.56 75 3.68 77 3.29
MS_Need 76 3.17 78 3.01 75 3.27 77 2.87
FS_Encourage 76 2.93 78 2.79 75 2.96 77 2.62
FS_Confidence 77 3.91 78 3.37 75 3.48 76 3.2
FS_Need 76 3.21 78 2.97 75 3.24 77 2.9
SE_Future 78 4.53 78 4.4 78 4.37 77 4.08
SE_Career 78 4.29 78 4.26 76 3.95 77 3.9
SE_Challenge 78 3.82 78 3.99 78 3.6 77 3.42
SE_Learn 78 4.92 78 4.64 78 4.4 77 4.21
SE_Ability 78 4.05 78 3.95 78 3.85 77 3.9
SE_Confidence 78 4.44 78 4.1 78 3.94 77 3.81
SE_Now 78 3.59 78 3.76 78 3.47 77 3.45

Table 4. EFA performed on mother’s and father’s support survey items

Factor1 Factor2
FS_need_pre 0.75

MS_Need_pre 0.71
FS_Encourage_pre 0.79
MS_Encourage_pre 0.80
FS_Confidence_pre 0.74
MS_Confidence_pre 0.70

FS_Interest_pre 0.76
MS_Interest_pre 0.88

Note: Factor values smaller than 0.4 are not
shown in the table.

2.7.1 Examining the effect of parental support on self-efficacy and programming interest. Thefirst research question
examined the effect of students’ perceived parental support on students’ self-efficacy and interest in computer
programming. We posit that students’ perception of parental support can predict the change in self-efficacy as
well as their interest in computer programming. In a confirmatory factor analysis (see 3), we tested whether the
perceived mother’s support and perceived father’s support combined (%(1) as measured on the pre-survey had an
effect on the students’ self-efficacy ((⇢2) as well as students’ interest (�2) on the post-survey while controlling for
pre-survey measures ((⇢1 and �1).
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Table 5. EFA performed on Self-efficacy and Interest items

Factor1 Factor2
SE_Future_pre 0.60
SE_Career_pre 0.54 0.51

SE_Challenge_pre 0.77
SE_Learn_pre 0.47 0.56

SE_Ability_pre 0.85
SE_Confidence_pre 0.66 0.44

SE_Now_pre 0.82
IP_interest_pre 0.78

IP_fun_pre 0.40 0.80
IP_bore_pre 0.75

Note: Factor values smaller than 0.4 are not
shown in the table.

Fig. 3. Perceived parental support (%(1) on pre-survey significantly predicted self-efficacy ((⇢2) and interest (�2) on post-
survey while controlling for self-efficacy and interest on pre-survey (where ** p< .01; *** p<.001) (SE=Self-Efficacy ; I=interest
in Programming; PS=Parental support)

Note that mother’s support and father’s support variables were combined in the SEM approach to avoid the
problem of multicollinearity.

2.7.2 Single mediation models to test the effects of taking the board game home. For the second research question,
we tested the mediation effect [55] of taking the board game home (see Figure 4) between students’ perceived
parental support in the pre-survey (%(1) and students’ interest in programming (post-survey) (�2) controlling for
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Fig. 4. Perceived parent’s support (%(1) on the pre-survey significantly predicted student’s interest (�2) on post-survey. This
effect was mediated by students’ action of taking the board game home.

pre-survey (�1). The outcome of this model provides insights for creating instructional designs that can affect
students’ interest in computer programming.

Themediator variable (TakeHome) was treated as dichotomous in the models. Furthermore, estimates of indirect
effects were calculated via bootstrapping method [38] for 5000 samples with replacement for the calculation of
95% and 99% confidence intervals in R. Just like in the previous model, mother’s support and father’s support
variables were combined in the SEM approach.

3 RESULTS
3.1 Statistics and Data Analysis
Nine students from the first school and seven students from the second school had missing data for the pre and
post surveys (see Table 2) characterized as missing at random (MAR) [67]. Full Information Maximum Likelihood
(FIML) strategy was used to address missing patterns [29, 39] .

Since structural equation modeling assumes asymptotic normality, the distribution of the items was plotted
and skewness and kurtosis measures were calculated. All of the skewness values fell between -3 and +3 and all of
the kurtosis values fell between the values of -10 and +10, considered acceptable for structural equation modeling
[17].

The chi-square test, Tucker-Lewis index (TLI) [12], root mean square error of approximation (RMSEA) [18, 74],
and comparative fit index (CFI) [11], were calculated as model fit measures. For the first model in Figure 3 (%(1 !
(⇢2 & %(1 ! �2), the model fit statistics were calculated as: j2 (289, N = 170) = 537.7, p < .001; CFI = 0.935; TLI =
0.927; RMSEA = 0.062, SRMR = 0.058). For the mediation model in Figure 4 (%(1 ! )0:4�><4 ! �2), the model
fit statistics were calculated as: j2 (66, N = 170) = 85.84, p = .051; CFI = 0.914; TLI = 0.90; RMSEA = 0.042, SRMR =
0.055). Although TLI and CFI values of 0.95 or higher are generally considered acceptable, Kline [45] suggests that
these values can be too strict when the model is too complex or uses a small sample size. For such models, they
suggest the threshold values of TLI> 0.90; CFI > 0.90; RMSEA <.08, SRMR < .08, which both of our models meet.
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3.2 How parental support influences self-efficacy and interest
The regression results from the first model (%(1 ! (⇢2 ! �2; see 3) revealed that the students’ perceived parental
support measured at the start of the unit (%(1) predicted students’ self-efficacy ((⇢2 controlling for (⇢1) (B =
0.366, SE = 0.10, p <. 001). This means that for a one standard deviation increase in the latent variable %(1, the (⇢2
increased by 0.366 standard deviations while controlling for pre-survey measures of (⇢1 and �1. The model also
showed that parental support (%(1) also predicted students’ interest (�2) (B = 0.328, SE = 0.134, p < .003) while
controlling for pre-survey measures of (⇢1 and �1. Stated differently, for one standard deviation increase in the
latent variable %(1, the �2 increased by 0.394 standard deviations. This means that students’ perceived parental
support predicted a change in students’ self-efficacy and their interest in programming. See Table 6) for factor
loadings.

Table 6. Factor loadings (standardized) of survey items on their respective latent variables for model in Figure 3

Pre-survey measures Post-survey measures
Construct Indicator Std. B Std. Err Indicator Std. B Std. Err
Interest IP_Fun 0.93 0.00 IP_Fun 0.87 0.00

IP_Interest 0.84 0.07 IP_Interest 0.94 0.07
IP_Bore 0.73 0.09 IP_Bore 0.76 0.08

Self-efficacy SE_Future 0.71 0.08 SE_Future 0.78 0.06
SE_Career 0.73 0.07 SE_Career 0.80 0.06
SE_Challenge 0.81 0.06 SE_Challenge 0.82 0.05
SE_Learn 0.70 0.08 SE_Learn 0.74 0.09
SE_Ability 0.87 0.00 SE_Ability 0.85 0.00
SE_Confidence 0.80 0.09 SE_Confidence 0.88 0.06
SE_Now 0.85 0.04 SE_Now 0.83 0.06

Parental Support MS_Encourage 0.81 0.08
MS_Confidence 0.71 0.10
MS_Need 0.74 0.00
FS_Encourage 0.79 0.10
FS_Confidence 0.73 0.10
FS_Need 0.75 0.08

To better visualize this, data is plotted in Figure 6 which shows that composite means for mother’s support
and father’s support were both similarly correlated to the composite means of self-efficacy and interest, as our
model suggests.

3.3 The effect of taking the board game home
As shown in Figure 4, we tested if the effect of students’ perceived parental support before the unit (%(1) on
students’ interest in programming after the unit (�2) was mediated by the action of taking the board game home
(TakeHome variable). Using the indirect effects approach [38] with the percentile bootstrap method with 5000
iterations, we found that 95% CI and 99% CI did not include a 0, which indicated a significant indirect effect
through the TakeHome variable (Std B = 0.132, 95% CI [0.039, 0.399], 99% CI [0.017, 0.542]), confirming that
perceived parental support indirectly affected students’ interest through the effect of taking the board game
home.

Students who reported voluntarily taking the board games home also reported an increase in interest in
computer programming, and this increase was significantly different from students that did not take the board
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Fig. 5. Higher mother’s and father’s support (MS and FS) scores on pre-survey are correlated with higher self-efficacy and
interest on post-survey, 1 = strongly disagree, 2 = disagree, 3 = somewhat disagree, 4 = somewhat agree, 5 = agree, 6 = strongly
agree

game home. This suggests that the instructional design feature of allowing students to take a CS artifact home
(here, a board game) is related to an increase in interest in programming (see Figure 6).

Table 7. Factor loadings of survey items on their respective latent variables for mediation model in Figure 4

Construct Indicator Std. B SE Construct Indicator2 Std B SE
Interest_pre IP_Fun 0.91 0.00 Parental Support pre MS_Encourage 0.78 0.15

IP_Interest 0.90 0.10 MS_Confidence 0.72 0.14
IP_Bore 0.71 0.09 MS Need 0.75 0.00

Interest_post IP_Fun 0.91 0.00 FS Encourage 0.78 0.17
IP_Interest 0.92 0.10 FS Confidence 0.71 0.17
IP_Bore 0.75 0.09 FS Need 0.75 0.15

The composite means of mother’s and father’s supports are plotted against composite means of programming
interest in Figure 4. Based on our mediation analysis (see Table 7), we conclude that the combined effect of
mother’s support and father’s support on students’ interest is mediated by students’ action of taking the board
game home and that mother’s support and father’s support variables both have a similar influence on the
mediation.
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Fig. 6. Students who took the board game home have a higher interest on post-survey compared to their peers who didn’t
but had similar mother’s and father’s support (MS and FS) scores on the pre-survey

4 DISCUSSION AND LIMITATIONS
4.1 Addressing ResearchQuestions
The present study set out to explore the relationship between perceived parental support, self-efficacy, and interest
in computer programming. Our findings suggest that perceived parental support played a role in students’ belief
about their ability to program as well as their interest in programming.

4.1.1 Parental Support, Self-Efficacy, and Interest. Our results show that perceived parental support (%(1) pre-
dicted self-efficacy ((⇢2) and student interest in programming (�2). The present research builds on our current
understanding by relating the two constructs (perceived parental support and self-efficacy) to the construct
of interest in programming. We also found that perceived parental support measured in the pre-survey (%(1)
influenced interest in programming (�2) mediated by students’ action of taking the board game home.

The present study is unique in its use of structural equation modeling in a formal K-12 school setting for the
examination of affective constructs. Although it is difficult to relate students’ self-efficacy in programming in
primary education directly to the choice of a computing career later in their lives, the self-efficacy survey items in
our study included questions about the students’ beliefs in their ability to learn to program and become proficient
coders in the future. We hoped that framing self-efficacy items in this way would help us draw connections
between our findings and the existing literature on students’ orientation towards a computing career. In the
present study, we discovered that perceived parental support significantly predicted students’ self-efficacy in
computer programming.

Interest can lead to persistence [51] thus, interest in programming can be an important indicator of positive
orientation towards a computing career. Despite its importance, there are many examples in the CS education
literature where interest was measured but no significant change in interest was found [22, 68, 73, 86]. Some
studies that showed a change in interest did not adequately explain what factors affected it [3, 20]. In the present
study, we used interest in programming (�2) as an outcome variable (see Figures 3 and 4). In the first of these
models, the change in self-efficacy was highly correlated with interest at both timepoints. This is in line with the
previous research which suggests that self-efficacy and interest have a reciprocal relationship [50, 57]. Perceived
parental support also predicted interest, which is similar to one of our previous findings in which we found that
parents’ support in their children’s pursuit of CS affects children’s beliefs about the usefulness of CS, and these
beliefs affect to what extent they are interested in CS [21]. We found that mother’s support and father’s support
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have a combined effect that is significant. We hope that the present study will help fill gaps in the understanding
of the relationship between perceived parental support, self-efficacy, and interest in programming.

Another aspect to consider is that students’ initial self-efficacy ((⇢1) did not predict either self-efficacy ((⇢2)
or interest (�2) on the post-survey. This indicates that, after accounting for the effect of initial parental support
(%(1), students’ initial self-efficacy in programming was not a significant predictor of their interest or confidence
towards programming after the unit.

Another noteworthy observation is that, after accounting for the effect of initial parental support (%(1), students’
initial interest in programming (�1) did predict both self-efficacy ((⇢2) and interest (�2) on the post-survey. In other
words, while students’ initial confidence in programming tasks did not influence their subsequent confidence
and interest towards programming, their initial interest in programming had a positive impact. This suggests
that efforts to increase students’ interest in computer programming should be prioritized, regardless of students
self-perceived proficiency in programming. Additionally, the positive correlation between initial parental support
(%(1) and both self-efficacy ((⇢2) and interest (�2) on the post-survey implies that parents could be provided with
strategies that help portray computer programming in a favorable light. In the second model, we discovered that
the influence of parental support on students’ interest in computer programming can be positively mediated by
providing CS education materials at home (such as a CS-themed board game). This implies that schools could
provide strategies that encourage parents to engage in positive conversations about computer science with their
children.

4.1.2 Sharing Artifacts from School at Home. Our findings based on the single mediator model (see Figure 4)
have implications for how we design classroom instruction for computer science. In particular, it showed the
importance of finding ways to make connections between students’ home and school lives. There is a dearth of
research that explores how sharing computer programming related materials with parents affect students’ interest
in programming. In a previous literature review [70], no conclusive findings were found on what instructional
design features are effective in improving self-efficacy and interest in programming.

In the present study, we studied the effects of enabling students to take the board game used in CS classroom
activities home to their parents. The idea behind enabling students to take the board games home was that
students may show board games to their parents, leading to conversations about computer programming and
careers in CS. Such conversations may in turn influence students’ perception of support from their parents and
or their interest in computer programming. Our results indeed showed that taking the board game home had
a significant mediation effect between perceived parental support reported in the pre-survey and in students’
interest in programming in the post-survey and the action of taking the board game home mediated this effect.
We hope that this finding will encourage other research that will further examine ways to make connections
between youth’s school and home lives by sharing computing materials. Such research should explore methods
of influencing parents’ involvement in student learning and its effects on students’ subsequent interest in and
career aspirations toward computing.

In addition to the statistical significance of the results, it is crucial to consider the effect sizes, as it provides
a better measure of the meaningfulness of the findings. In our first model, a one standard deviation increase
in parental support predicted approximately one-third of a standard deviation increase in both self-efficacy
and interest, which can be considered a moderate effect size. In the second model, the mediation effect size of
0.132 for taking the board game home can be considered moderate. This suggests that the TakeHome variable
explained 13% of the variance in the effect of parental support on interest. However, since the TakeHome variable
is dichotomous, it represents only 13% of the total effect of initial parental support on the students’ interest (post),
which is a small proportion of the overall interest.

While student gender data was collected, it was not used in analyses. As a group-level variable, disaggregating
by gender would reduce the group sample size, resulting in models lacking sufficient power. As gender inequality
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has consistently been found in computer science participation [14], future research should consider incorporating
demographic variables to explore potential differences across different populations.

Another point to note is that, although positive associations were found between parental support (pre) and
self-efficacy (post) and interest (post), the overall means decreased for almost all measures (see Tables 2 & 3). This
is likely due to a ceiling effect, where students’ initial responses (pre-survey) were very high, leaving little room
for improvement. Thus, students reported a positive attitude toward programming before our implementation,
limiting the potential for further growth.

4.2 LIMITATIONS
The present study has several limitations that should be acknowledged:

(1) Lack of qualitative data: Qualitative data, such as interviews or observations, could have provided richer
insights into the experiences of students and their parents, and helped to contextualize the findings.

(2) Unavailability of demographic data: As the schools were located in a mostly white rural district, the
study did not collect information on students’ race or other demographic characteristics, which limits
our understanding of how these factors might influence the relationships among perceived parental
support, self-efficacy, and interest in programming. Student gender data was collected but were not used
in the analyses. Future research should consider incorporating demographic variables to explore potential
differences across different populations.

(3) Household arrangements: The study used variables for mother’s and father’s support. This may not reflect
the experiences of students from other household types like single parents, same-gender parents, or other
guardians. We chose these variables based on their strong theoretical foundation. Including more family
arrangements would lead to smaller sample sizes for those categories, potentially affecting statistical
validity. Future research should use a larger, diverse sample to better represent different family structures
and provide a more comprehensive measure of parental support.

(4) Self-reported take-home variable: The TakeHome variable measured whether students took the board
game home and was self-reported on the post-survey as a yes/no response. This measure did not provide
information about the duration for which the board game was taken home or whether students played the
game with their parents or engaged in conversations about programming, as intended. The reliance on
self-report data could have introduced biases and limited the accuracy of this measure. It is also possible
that spending more time with the board game resulted in an increase in their interest. Perhaps adding
a question like ’How many times did you play the board game with your parents?’ could better enable
us to examine how engagement with the board game by both the students and their parents affected
the students’ interest, while also overcoming the statistical limitations associated with a dichotomous
variable. Future research should consider using other methods to assess students’ engagement with
programming-related materials at home and the extent of parental involvement in these activities.

In addition, there are limitations related to the statistical models used in the study. The first limitation is related
to our parent support model. In the SEM framework, we could not examine the differences in how perceived
mother and father support influence interest and self-efficacy in the same model owing to a high degree of
correlation between the two variables. While an alternative approach to SEM, such as multiple linear regression
(MLR) analysis, to test significance for mother’s support and father’s support separately could be used, SEM is
considered a more robust and accurate approach for several reasons [16, 45]. SEM allows for the simultaneous
estimation of multiple relationships in a single model, providing a more comprehensive understanding of the
inter-dependencies among variables. MLR, conversely, is limited to examining a single dependent variable at a
time (e.g., either self-efficacy or interest), which may lead to a fragmented understanding of the relationships in
the data.
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A limitation of the SEM model (see Figure 3) is that the self-efficacy ((⇢1&(⇢2) and interest (�1&�2) were
measured at the same times (on pre-survey and post-survey respectively). Thus, the relationship between (⇢1, �1
and (⇢2, �2 is reciprocal and not predictive.

Finally, we note that circumstances where the independent variables cannot be manipulated, are not ideal for a
mediation analysis [83]. This posed a threat to the validity of the mediation results since students’ perceived
mother’s support and father’s support variables were not manipulated, instead, they were simply observed.
Despite this threat, we think that demonstrating the effect of taking the board game home can provide useful
implications for instructional design practices.

5 CONCLUSIONS
The growing demand for computer programming skills brings along with it a critical need to broaden partici-
pation of underrepresented and under-served students in computer science education. In this study, we found
that students’ perceived mother support and students’ perceived father support affected students’ interest in
programming and students’ self-efficacy to program (see Figures 3 & 4).

Studying the predictive effects of parental support on students’ attitude in programming and examining the
mediation effect of sending CS artifacts home is an important contribution to the field, as it reveals implications
about out-of-school factors that should be considered in the design and implementation of any primary-level
computing unit. These results have implications for research on broadening participation in CS education as well
as in the design of CS instruction. For the former, studying the influence of out-of-school factors such as parental
support can provide ways to understand and mitigate the effects of inequities that persist in computing education.
Likewise, our findings inform the design of CS instructional activities. Interest-driven CS learning often fails
to take these external factors into account as the instructional design is mostly aimed at improving in-activity
interest. In the present study, we gave students the option to take a CS artifact home to see if it affected students’
interest. Designers and researchers should examine other ways of building connections between school and
home activities as means of influencing social supports that impact important constructs such as interest and
self-efficacy.
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