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A Study of Primary School Students’ Interest, Colldoration Attitude, and
Programming Empowerment in Computational Thinking Education

Abstract

Building on Seymour Papert’s view of empoweringdstots by mastering programming,
this study conceptualized programming empowermegrgoasisting of four components:
meaningfulness, impact, creative self-efficacy, prmgramming self-efficacy. A sample
of 287 primary school students in grades four xocempleted a corresponding survey.
Confirmatory factor analysis validated the proposedhponents of the programming
empowerment instrument. A structural equation modelicated that students with
greater interest in programming perceived it asenmeaningful, had greater impact, had
greater creative self-efficacy, and had greateggamming self-efficacy. Also, students
with attitudes toward collaboration that were maesitive than others had greater
creative self-efficacy. Boys showed more interegirogramming than girls did. Students
in higher grade levels than others viewed programgnais less meaningful and had lower
programming self-efficacy. These results suppdnrtistudies that evaluate the impacts
of interest-driven computational thinking and pmegming curricula with ample
collaboration opportunities.

Keywords: collaboration attitude; computational thinking edtion; programming
empowerment; student interest; self-efficacy



1. Introduction

Seymour Papert founded the idea of computatiomakitrg and highly valued its
power of empowerment, arguing that “[we] can giveldren unprecedented power to
invent and carry on exciting projects by providihgm with access to computers, with a
suitably clear and intelligent programming languagd with peripheral devices capable
of producing on-line-real-time action” (Papert, 297.245). However, Papert did not
provide an instrument to measure children’s empowet and did not identify its
antecedents beyond provision of access to compulersthis study, we define
programming empowerment and test an explanatoryetraidt.

Guided by Thomas and Velthouse (1990), this studfinds programming
empowerment as a person’s perceived autonomy amghetence to use computational
thinking effectively. Computational thinking (CTis“the conceptual foundation required
to solve problems effectively and efficiently (j.@lgorithmically, with or without the
assistance of computers) with solutions that avsaele in different contexts” (Shute,
Sun & Asbell-Clarke, 2017, p. 151), and can be icatked with engagement in
programming activities (Lye & Koh, 2014). We propdbkat programming empowerment
comprises four components: meaningfulness, impacgative self-efficacy, and
programming self-efficacy. Furthermore, we test thbe student interest in
programming (e.g., Weber & Patterson, 2000), aléittowards collaboration (Denner,
Werner, Campe, & Ortiz, 2014; Lewis, 2011) and dgraphics such as gender and
grade level are related to programming empowernfenstudents have different degrees
of interest in computers and they often work togeih class, we address the following
research questions: (a) do students with greaterest in computers have greater
programming empowerment? (b) do students with moositive attitudes toward
collaboration have greater programming empowerment?

2. Conceptual Framework of the Study
2.1. Importance of computational thinking in K-Idueation

Wing (2006) argued that CT is an essential skil éweryone, like reading,
writing, and arithmetic competencies. Indeed, meoyntries have incorporated CT into
their K-12 education (Angeli et al., 2016; GroverRea, 2013; Voogt, Fisser, Good,
Mishra, & Yadav, 2015; Webb et al., 2017). CT mway to think and act, via skills such
as decomposition, abstraction, generalization, rdahlguic design, debugging, and
iteration (Shute et al., 2017). Block-based programg environments such as App
Inventor (Wolber, Abelson, Spertus, & Looney, 20&By Scratch (Resnick et al., 2009)
can support young learners cultivate CT during @ogning activities by enabling them
to focus more on the problem solving process vagding and dropping blocks, as they
learn. Brennan and Resnick (2012) proposed a framiethat conceptualized CT with
three dimensions: 1) CT concepts, which involvesriemg of programming constructs
(sequence, loops, conditionals, etc.); 2) CT peastiwhich involves uses of CT concepts
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(reusing and remixing, iterative and incrementad gesting and debugging, etc.); and 3)
CT perspectives, which involve students’ understagglof themselves, the technological
world, and their relationships with one another.f&s studies examine CT perspectives
(Lye & Koh, 2014), this study does so by definingdamodeling the components of
students’ programming empowerment.

2.2. Programming empowerment and its components

Originating from the notion of liberating the opgsed through education (Freire,
1973), empowerment emphasizes giving people cowwel their lives and issues of
concern to them (Page & Czuba, 1999; Rappapori/)198hile some researchers view
empowerment as a single component (self-deterroimatSprague & Hayes, 2000;
competence, Breton, 1994; self-confidence, Lardbialker, & Pearce, 2005), others
define multiple components of empowerment (e.gckBg Kovach, & Gronseth, 2004;
Spreitzer, Kizilos, & Nason, 1997). In particuldhijomas and Velthouse (1990) view
empowerment as consisting of four components: meganness, impact, self-
determination/choice, and competence (see also PROG; Spreitzer, 1995). In the
context of learning, Frymier, Shulman, and HousEY96) operationalized these four
components to examine learner empowerment, withidéastification of three factors:
meaningfulness, impact, and competence, while aloeof of self-determination/choice
did not emerge (see also Kirk, Lewis, Brown, KariBdPark, 2016; You, 2016). Frymier
et al. (1996) explained that in a classroom contstxidents usually have little power to
determine the activities to be conducted, whiclthess typically control (unlike work
contexts, in which employees might have more comiver their activities, Spreitzer et
al., 1997).

Although primary school students often cannot ckodlseir programming
activities, they can approach them either routitmlyfollowing instructions or creatively
with novel approaches (e.g., Deschryver & YadavlR20Voogt et al., 2015). Papert
(1972) argued that as children master programmikilts,sthey are empowered to be
creative. Brennan and Resnick (2012) also empldhsirg through the development of
CT, students could express themselves creativelljowing this line of thought, this
study proposes to examine students’ perceived icityatrather than self-
determination/choice. Hence, this study proposaspgifogramming empowerment occurs
—people feel empowered —when they (a) view the qgeepof a programming task as
meaningful, (b) see impact from completing the (gsk(c) believe they can creatively
complete them, and (d) perceive their competenceraplete them.

Meaningfulness is a person’s perceived value @fs&'s purpose based on his or
her ideals or standards (Hur, 2016; Schiefele, 19@&8ng & Lee, 2009; Weber, Martin,
& Cayanus, 2005). When a person views a task asinggal, he or she is more likely to
start working on it, to exert more effort to contpld, to persist despite obstacles, and to
succeed than otherwise (Spreitzer, 1995; Thomas efthguse, 1990). Applied to a
learning context, students who perceive a leartasty as meaningful are more likely
than others to feel empowered (Frymier et al., J986developing the popular block-
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based programming environment, Scratch, Resnickalet(2009) highlighted the
importance of allowing learners to create persgrmakaningful programming projects.

Impact is the degree to which “accomplishment ¢disk is perceived to make a
difference in the scheme of things” (Frymier et 4996: p.183-184). A person who
believes that completion of a task has greater ainpd@l have more internal motivation
and is more likely to exert effort to complete Frymier et al., 1996; Spreitzer et al.,
1997). In this vein, computational thinking eduecatihas the potential to transform
students from being simply consumers of technoldagy becoming producers of
technology (Angeli et al., 2016), which in turn campower them to make an impact on
both the technological world and on people’s lil@snnan & Resnick, 2012).

Creative self-efficacy is a student’s belief thatdr she can produce novel ideas
and solutions (Brennan & Resnick, 2012). When faagith an obstacle on a task, a
person with greater creative self-efficacy is mideely to try different ideas and methods
to complete the task, and hence is more likelyuoceed (Paulus & Brown, 2003).
Computational thinking education can allow the igalion of student’s creativity
(Deschryver & Yadav, 2015; Voogt et al.,, 2015), amehpower them to become
producers of technology via the creation of prograng artifacts (Angeli et al., 2016).
Past studies indicate that a suitable programmimgr@ment can foster students’
creative self-efficacy (Burke, 2012).

Programming self-efficacy is a belief that one tesnecessary skills and abilities
to perform a programming task well (Frymier et &B96; Gist, 1987; Hur, 2006). When
students have greater self-efficacy, they havetgremnfidence in their competence to
do a task, and are more likely to both start dotrend to continue working on it until
completion (Chiu & Klassen, 2010). Students whoidwel they can successfully
complete a programming task are more likely to &zapowered (Frymier et al., 1996).
Also, successful interventions to teach computeg@mming often increase students’
programming self-efficacy (e.g., Denner et al.,£20&/0lz, Stone, Pearson, Pulimood, &
Switzer, 2011).

Lastly, all four empowerment components, meanimgfss$, impact, creative self-
efficacy, and programming self-efficacy, might iease the likelihood of successful task
completion. In turn, successful task completion calidate perceived empowerment and
further increase it. To summarize, the proposedahofl programming empowerment
contains four components, namely, meaningfulneapact, creative self-efficacy, and
programming self-efficacy. It is related to a perscself-understanding with reference to
programming. And through the creation of prograngmiartifacts, students can
potentially impact the world and others’ lives (Bnan & Resnick, 2012). Next, we
consider antecedents of students’ programming erapoent.

2.3. Interest, collaboration attitude, demographiasd programming empowerment

2.3.1 Interest in programming and programming emgroment



CT curricula implementation often highlights hows ihovelty can stimulate
student interest, and how students benefit fornristpacomputers and collaborating;
therefore, this study focuses on two primary ardenés of programming empowerment:
interest and collaboration attitude. Students viftferest in programming or positive
attitudes toward collaboration might have great@gpmmming empowerment. Akin to
Hidi (2006), this study defines interest in prograimg as a psychological state in which
a person shows greater attention, concentratiogitiy® feelings or relatively enduring
predisposition toward programming activities.

A student with greater interest than others in an@a such as programming
views it as meaningful, beyond simply an instruraénteans toward positive outcomes;
instead, he or she is curious about it and explibtesmake discoveries about its impacts
and consequencese{f-determination theoryRyan & Deci, 2017)Moreover, such a
student tends to have a greater internal locuse$ality than other students (Dimmock,
Jackson, Podlog & Magaraggia, 2013), so he or shesvthe task as easier (Gattiker,
1992), is willing to spend more time on it (Ryan [Beci, 2017), develops greater
competence at it (Venkatesh & Speier, 2000), andepees greater programming self-
efficacy technology acceptance thepiyenkatesh, 2000). Faced with obstacles or task
difficulties, such a student is more likely thanhers to view it as a challenge,
underestimate the difficulties, and persevere mal ftreative solutions (Ryan & Deci,
2017; Senko & Harackiewicz, 2005). In short, a shidwith more interest in
programming than others is more likely to view st meaningful, learn more about its
impacts, have greater creative self-efficacy, aaergreater programming self-efficacy —
all of which suggests greater programming empowestni@/eber & Patterson, 2000;
Weber et al., 2005).

H-la. Students with greater interest in prograngnhan others view it as more
meaningful.

H-1b. Students with greater interest in prograngtivan others believe it has
greater impact.

H-1c. Students with greater interest in prograngrinan others have greater
creative self-efficacy.

H-1d. Students with greater interest in prograngniran others have greater
programming self-efficacy.

2.3.2 Collaboration attitude and programming empowent

Collaboration attitude might be linked to empowentnea creative self-efficacy
or programming self-efficacy. Akin to Tseng, Wary and Sun (2009), this study
defines attitude toward collaborative programmasga person’s orientation or feelings
toward cooperative programming activities with pedPast studies show that having
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students work together in pairs or small groupsaocomputer programming activity
(typically with one computer) can improve studenpsbgramming performance and
confidence (e.g., McDowell, Werner, Bullock, & Falth, 2006; Sawyer & Goldman,
2010). Students with better collaboration attitudes more likely to recognize shared
goals and shared benefits from working with oth@shnson & Johnson, 2009). Such
students might exert more effort when working wothers, develop better collaborative
skills, and collaborate more effectively to solvu#ficult problems creatively. Hence, we
hypothesize that students with better attitudesatdwcollaboration have greater
programming empowerment in two ways: creative sHléacy and programming self-
efficacy.

H-2a. Students with better attitudes toward caltabive programming than
others
have greater creative self-efficacy.

H-2b. Students with better attitudes toward catative programming than
others
have greater programming self-efficacy.

2.3.3 Age and programming empowerment

Past studies suggest that demographics are alsedlito empowerment. Older
students often view school subjects as less mefuhilagd feel less competent than
younger students. Compared to younger studentser ostudents face more
decontextualized instruction, which many find lesievant or useful in their daily lives;
as a result, they often view school subjects as tasaningful (Lepper, Corpus, &
lyengar, 2005). Furthermore, as students age,ldtbegme more aware of their peers and
their relative abilities (Dweck, 2000), which tentls reduce their domain-specific
attitudes, overall school-related attitudes, anea@ment motivation (Chiu & Klassen,
2010). Older students’ perceived competence mayfalsdue to uncertainties resulting
from less personalized instruction, and perceptiohsncreased academic pressures,
rather than an objective fall in actual ability merformance (Pajares & Cheong, 2003).
Hence, older students are expected to view comgurtegramming as less meaningful
and to perceive less competence at it, compargdunger students.

H-3a. Students in later grades view programminigss meaningful.

H-3b. Students in later grades have less programself-efficacy.

2.3.4 Gender and programming empowerment

Compared to girls, boys are more interested in egerpprogramming, in part
due to popular media stereotypes. The popular mstieeotype of male computer
specialists serves as role models for boys andraleti models for girls, thereby
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encouraging interest in computer programming amuooys and discouraging it among

girls (Master, Cheryan, & Meltzoff, 2016). Indegjkls in a classroom with stereotypical

computer science objects (e.g., Star Trek postdeovgames) showed less interest in
computer science than girls in a classroom withloose objects (Cheryan, Plaut, Davies,
& Steele, 2009). Hence, we expect boys to show nmbeeest in computer programming

than girls do.

H-4. Boys are more interested than girls are @gamming.

3. Method of Study

This study is part of a larger project that aimgptomote CT education among
primary schools. In designing the CT curriculum feenior primary students, we
emphasize the development of CT concepts, CT pes;tand CT perspectives (Brennan
& Resnick, 2012), and consider programming empowatmas an important CT
perspective for students to develop. In this culum, students were told and asked to
apply CT and programming concepts and practicesdtiress community problems in
their final projects at the end of each school yaféer taking this course. This study
focuses on the development of an instrument foesssisg programming empowerment.
After designing and validating the survey instruimeia experts, the study collected
survey responses from senior primary students. ,Tités study conducted confirmatory
factor analyses of the programming empowerment oompts (meaningfulness, impact,
creative self-efficacy and programming self-effigacinterest in programming, and
attitude toward collaboration. Afterwards, we tdsteur hypotheses with a structural
equation model.

3.1. Participants and procedures

We asked 323 senior primary school students whocpzated in the project to
complete an online survey in 30 minutes. 138 (42.8%them indicated that they had
programming experience before taking part in thigget. Of the 323 surveys received,
36 (11%) of them had missing responses and werkidea from our analysis via
listwise deletion (Joreskog & Sorbom, 2015). In tkeulting sample of 287 students
(49.8% boys and 50.2% girls), 106 students wermamy fourth graders, 86 students
were primary fifth graders, and 95 were primarytisigraders.

3.2. Variables

The research staff of this study developed the dtéon each construct of this
instrument: meaningfulness, impact, creative siifacy, programming self-efficacy,
interest in programming, and attitude toward callaion. Then, school teachers and
experts in computer science, teacher developmemyeldping programming
environments, and educational assessment, revianddrevised the items to ensure
content validity (see survey items in Table 1).dénts were asked to indicate their level
of agreement with each item on a 5-point Likertes¢a= Strongly disagree; 5 = Strongly



agree). To maximize measurement reliability, sonifessales had more items; in fact, the
number of items in a subscale does not affect #iations among constructs in a
structural equation model.

[Insert Table 1 about here]

Demographic variables considered in this studyuitkel gender and grade level.
Girl has a value of one for a girl and a value of Zera boy.Gradeindicates the grade
level of each student, with possible values of féue, and six.

3.3. Analysis
3.3.1. Confirmatory factor analysis

The study conducted a confirmatory factor analy&$A) with maximum
likelihood estimation on each construct with Am@ls;é (df), CFI, TLI, RMSEA were
used as the fit indices for the measurement mofi¢gheo programming empowerment
construct. As the self-report items yielded categbdata, we analyzed their polychoric
correlation matrix using maximum likelihood estifat A ratio ofy* over its degrees of
freedom (df) ory? / df that is less than 2 or a non-significafAtsuggests a good fit
(Joreskog & Sorbom, 2015). Furthermore, a Compadiit Index (CFI) and a Tucker-
Lewis Index (TLI) greater than .90 suggest a gagdahd greater than .95 indicate an
excellent fit (Bentler, 1990). A root mean squan®eof approximation (RMSEA) less
than .08 indicates a good fit, and less than .@&ates an excellent fit (Hu & Bentler,
1999).

3.3.2. Measurement invariance across gender andega

To ensure that the factor structure of programnaimgpowerment was robust, we
conducted multiple group analyses using Amos 24#e$d whether the assumptions of
measurement invariances across gender and gradesvaled. First, we examined the
least restrictive baseline model (configural mod&hich only specified the factor
structure, with all parameters freely estimate®s&€mgender, based on the goodness of fit
indices stated above. To test whether metric aathisinvariances hold across gender,
we (@) constrained the boys’ factor loadings teegeal to the girls’ corresponding factor
loadings (metric model), and (b) also constraineel intercept estimates to be equal,
along with the boys’ and girls’ factor loadings d&r model). As the three models
(configural, metric, and scalar) are nested modedstested metric and scalar invariances
against the baseline model of configural invariareeignificant increase igf for the
metric or scalar models would indicate that thediescare not invariant across gender.
Similarly, we tested whether the assumptions of sueament (configural, metric, and
scalar) invariances were valid across grade Ig¥els, five, and six). According to Kline
(2016), scalar invariance indicates strong invamaacross groups.



3.3.3. Structural equation modeling

To test the above hypotheses, we conducted stal@quation modeling (SEM)
with Amos 24 (Arbuckle, 2016). As only omissionsifnificant variables causes omitted
variable bias (Kennedy, 2008), non-significant patrere then removed from the SEM.
The SEM's goodness of fit was evaluated viahédf), CFI, TLI, and RMSEA criteria
described above (Hu & Bentler, 1999).

4. Results
4.1. Confirmatory factor analyses

CFA of the programming empowerment items showed time creative self-
efficacy item, “There are many different ways tdveoa problem using programming”
did not have a significant factor loading, so itswamoved (see Table 1). The remaining
programming empowerment items showed a good fitatéour-factor structure of
meaningfulness, impact, creative self-efficacy ammogramming self-efficacy
(x*(84) = 164.103, p < .001; CFI = .975; TLI = .9680eRMSEA = .058). Moreover, all
factor loadings ranged from .73 to .90, which conéd the convergent validity of the
construct of programming empowerment (see Figure 1)

[Insert Figure 1 about here]

We also compared the four-factor model of prograngn@mpowerment with the
one-factor model with all 15 items loaded on onegla factor (see Figure 2). The
goodness of fit indices indicated that the fourtdaenodel fits the data better than the
one-factor model yf/df: 1.954 < 6.130; CFl: .975 > .855; TLI: .969 831;
RMSEA: .058 < .134).

[Insert Figure 2 about here]

CFA of the students’ interest in programming iteshswed that the hypothesized
single factor model fit the data wel?(2) = 4.262, p =.119; CFI = .997; TLI = .990; and
RMSEA = .063), and the factor loadings ranged fr@é to .90 (see Figure 3). CFA of
the students’ attitude towards collaborative prograng also showed that the single
factor model was acceptablg’@) = 5.493, p = .064; CFl = .988; TLI = .963; and
RMSEA = .078), with factor loadings ranging froni # .82 (see Figure 4).



[Insert Figure 3 about here]

[Insert Figure 4 about here]

4.2. Measurement invariance across gender and grade

We then tested the measurement invariance of the-faotor model of
programming empowerment across gender and gradegsmsitiple group analyses. The
baseline configural, metric, and scalar invariamoelels all showed good fits to the data
(see Table 2). Furthermore, nested model comparisbawed no significant differences
(metric invarianceAy*(11) = 9.362, p = .589; scalar invarian®e?(26) = 26.252, p
= .449), supporting metric and scalar invarianced hence strong invariance across
gender (Kline, 2016).

[Insert Table 2 about here]

Similarly, we tested measurement invariance of thar-factor model of
programming empowerment across grades (four, &ne, six) with configural, metric,
and scalar invariance models. As shown in TabtBe8goodness of fit of each model was
acceptable. Furthermore, nested model comparisomsesi no significant differences
(metric invarianceAy%(11) = 15.152, p = .176; scalar invariandg?’(26) = 25.906, p
= .468), supporting metric and scalar invarianced hence strong invariance across
grades (Kline, 2016).

[Insert Table 3 about here]

4.3. Structural equation model

Next, we tested our hypotheses regarding gendadegrmprogramming interest,
attitude toward collaborative programming and paogming empowerment with an
SEM, as shown in Figure 5. The indices indicateat the hypothesized model fits the
data well §%(269) = 551.864, p < .001; CFl = .939; TLI = .926d RMSEA = .061). The
results supported hypotheses H-1a, b, c and d,isgdhat students with greater interest
in programming viewed it as more meaningful, vieweds having more impact, had
greater creative self-efficacy, and had greateganmmming self-efficacy.
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Furthermore, the SEM results supported hypothes?s Hut not H-2b. Students
with better attitudes toward collaboration had moreative self-efficacy but not more
programming self-efficacy.

The results also supported the demographic hypeshé&tudents in later grades
viewed programming as less meaningful (H-3a) aralleas programming self-efficacy
(H-3b). Lastly, boys showed more interest in pragrang than girls did (H-4).

[Insert Figure 5 about here]

5. Discussion

Confirmatory factor analysis confirmed the desigrihe 15-item instrument for
assessing students’ programming empowerment icdhtext of K-12 education, which
consists of four components, meaningfulness, impactative self-efficacy, and
programming self-efficacy. This study tests furthghether programming interest,
attitude toward collaborative programming, gended grade level were related to the
four components of programming empowerment among 2énior primary school
students. After the confirmatory factor analyseppsuted each of the six factors, a
structural equation model supported eight of theerhypotheses. Students with greater
interest in programming viewed it as more meanihdfelieved that it had more impact,
had more creative self-efficacy, and had greategn@mming self-efficacy. Furthermore,
students with better attitudes toward collaboratiaal greater creative self-efficacy but
not more programming self-efficacy. Students iefdajrades perceived programming as
less meaningful and had less programming selfaffic consistent with past studies
(Pajares & Cheong, 2003). Lastly, boys indicatedeniaterest in programming than girls,
also consistent with past studies (Master at 8lL62

5.1 Interest in programming and programming empaomest

Students’ interest in programming was related kdoalr factors of programming
empowerment. This result is in line with the litew® on empowerment (Weber &
Patterson, 2000; Weber et al., 2005¢lf-determination(Ryan & Deci, 2017) and
technology acceptanc@/enkatesh, 2000) and suggests that interestasueal factor
affecting different aspects of programming empowarmThis result also suggests the
importance of a student interest-driven approaclthé design and implementation of
learning activities in CT education and testing thiee these activities engage student
interests (Kong, 2016). If students are not intextsn the programming activities,
fostering their programming empowerment with respe@c meaningfulness, impact,
creative self-efficacy, or programming self-effigdiecomes much more difficult.

5.2 Collaboration attitude and programming empowenin
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Students with better attitudes toward collaboratlad greater creative self-
efficacy but not more programming self-efficacy. Asllaboration can help students
generate ideas to solve problems that they carmatahe zone of proximal development
Vygotsky, 2011), they might view collaboration pogly as a means to enhance
creativity for solving challenging programming plaims, which is in line with findings
in the learning sciences that creativity is a atile achievement rather than an
individual gift (e.g., Sawyer, 2017). The result tfis study implies that suitable
incorporation of collaboration in teachers’ desmfnactivities in learning programming
can empower students to be more creative.

The short-term and dramatic collaboration benefitceeativity for solving
challenging programming problems might overshadow longer-term, gradual
enhancement of individual programming self-efficagfich might account for the non-
significant link between collaboration attitude gmegramming self-efficacy. Unlike a
short-term, striking creative solution, improved ngmetence can be gradual and
unrecognized until subsequent tasks, so studemistmot appreciate how collaboration
can enhance individual competenagdrnalization Vygotsky, 2011). The results might
differ for students who learn regularly from coltative programming activities (see
e.g., Bishop-Clark, Courte, & Howard, 2006; Denatal., 2014; Lewis, 2011; Zarb &
Hughes, 2015). This result also suggests testingtivein teacher highlighting of how
specific collaborative efforts improve each meméemdividual competences can
improve students’ collaboration attitudes and theargramming self-efficacy.

5.3 Age and programming empowerment

In addition, senior grade students tended to pescg@rogramming as less
meaningful compared to junior grade students. Bbssenior grade students might not
see programming as connected to their daily livepger et al., 2005), which suggests
the importance of designing learning and teachiotiviies that allow students to
connect programming to their everyday lives to hél@m appreciate programming as
useful and meaningful.

Students in later grades also perceived themselssless competent at
programming compared to students in earlier gradssdiscussed in the conceptual
framework section of the study, such a fall doet mexessarily indicate an objective
decrease in actual capability, but might stem froereased academic pressures and
uncertainties because of less personalized ingiru¢Chiu & Klassen, 2010; Pajares &
Cheong, 2003). These results also suggest a meddiféculty level in the curriculum
design to facilitate successful solution of chaidi@g programming problems to support
students’ programming self-efficacy.

5.4 Gender and programming empowerment

The results related to gender suggest that moost é$f needed to attract girls to
engage in programming activities, as girls indidaliess interest in programming than
boys did. More recently, studies have examinedristgions aiming to engage girls
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more in programming and explore their programmimgcpsses and outcomes (e.g.,
Denner, Werner, & Ortiz, 2012; Seneviratne, 2050ccessful strategies for engaging
girls, such as highlighting female role models imgramming and using classroom
discussion as a programming pedagogy (e.g., Sexie®jr2017) could be embedded in
the design of learning activities to enhance gingrest in programming. Programming
tasks such as those related to storytelling (H#.1) might also help to enhance the
interests of girls. Future studies can test whettimgse strategies enhance girls’
programming empowerment. When guiding studentsdrkwen programming activities,
teachers might also need to pay special attentigyiris’ engagement levels.

6. Limitations and Future Studies

The limitations of this study include its samplaoss-sectional data, few
contextual variables, and omission of other beldfstudents. This sample only includes
students from a few primary schools with studentgrades four through six, and is not a
representative sample of Hong Kong, let alone stisdm other regions. Future studies
can examine students from more primary schools amgdiKong and other regions,
students at other ages, and use representativdesarfpirthermore, this data is cross-
sectional, which limits causal inferences. Furtsteidies can include longitudinal data to
make stronger inferences. Also, this study coll@arly grade level data, which limits
testing of moderation effects. Future studies aafect more data from other contextual
variables such as information about teacher, sclaoadl family, all of which might
influence beliefs of students. Specifically, instranal designs, such as the final project
for students to apply CT and programming concepts@actices to address community
problems might affect students’ programming emponest, interest in programming,
and attitude toward collaboration. Also, the balief students in this study such as
creative self-efficacy and programming self-effigcacight be linked to their other beliefs
(Psycharis & Kallia, 2017), which can be exploreduture studies..

7. Conclusion

A 15-item instrument for assessing students’ pnognéng empowerment in the
context of K-12 education was developed and vadlaResponses from 287 senior
primary school students confirmed the conceptutatinaof the construct of programming
empowerment as consisting of four components: lammgfulness, 2) impact, 3)
creative self-efficacy, and 4) programming seliezity.

The structural equation model supported our exptagamodel. Students with
more interest in programming considered it as moganingful, believed that it had more
impact, and believed that they had more creatiVeeffecacy and programming self-
efficacy. Furthermore, students with better collabion attitudes had more creative self-
efficacy but not more programming self-efficacyudnts in senior grades perceived
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programming as less meaningful and themselves s dempetent at programming
compared to students in junior grades. Also, bdysved more interest in programming
than girls did.

These results suggest the importance of designimg irsterest-driven
computational thinking curriculum, with a moderalificulty level, and collaboration
opportunities to enhance students’ creative séiéaafy. In addition, teachers might need
to pay attention to the engagement level of gats] employ strategies to enhance their
interest in programming. Future studies can evalwatether such an interest-driven
curriculum with opportunities to collaborate enhasc students’ programming
empowerment.
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Figure 1. Confirmatory factor analysis of the fooomponents of programming
empowerment with Cronbachiss for Meaningfulness (.883), Impact (.878), Creati
self-efficacy (.822), Programming self-efficacy 19; ¥*(84) = 164.103, p < .001; CFI
=.975; TLI = .969; and RMSEA = .058
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Figure 2. Factor structure of a one-factor modepraigramming empowerment with fit
indices:x?(90)= 551.720y%/df = 6.130; CFI = .855; TLI = .831; RMSEA = .134
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Figure 3. Factor structure of student interestrogpamming with Cronbach's of .895;
v¥(2) = 4.262, p =.119; CFI = .997; TLI = .990; anM8EA = .063
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Figure 4. Factor structure of students’ attitudevaias collaboration in programming
with Cronbach’sa of .742;4%(2) = 5.493, p = .064; CFl = .988; TLI = .963; and
RMSEA = .078
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Tables

Table 1. Survey items of the instrument in the afemeaningfulness, impact, creative
self-efficacy, programming self-efficacy, inter@sjprogramming and attitude toward
collaboration in programming

ltems

Meaningfulness

Programming is useful to me.

Programming will help me achieve my goals.

| want to become good at programming.

Programming is important to me.

Impact

| want to use programming to help solve problemhéworld.
| want to use programming to make people’s livasebe

| can use programming to make daily life easier.

Creative self-efficacy

| would like to design things using programming.

Computer programmers are creative.

There are many different ways to solve a probleimgugrogramming(deleted

due to insignificant factor loading)

It is important to be creative when you are prograng.
Programming self-efficacy

| can learn how to program.

| am good at programming.

| think of myself as someone who can program.

| have the skills to program.

| have confidence in my ability to program.

Interest in programming

Programming is interesting.

| am curious about the content of programming.

| think the content of programming is fun.

| am very attracted to computer programming acésit

Attitude toward Collaboration in Programming

| like to program with others.

| finish things faster when | program with others.

| have better ideas when | program with others.

People ask me for help with computers a lot.
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Table 2. Testing of measurement invariance agesder

%2 df  y2/df p CFl TLI RMSEA
Configural invariance 286.946 168 1.708 <.001 .957 .946 .054
(baseline model) (Model 1)
Metric invariance (Model 2) 296.309 1791.655 <.001 .958 .950 .052
Scalar invariance (Model 3) 313.199 194.614 <.001 .957 .954 .050
Table 3. Testing of measurement invariance acreteg

12 df  y2/df p CFl TLI RMSEA
Configural invariance 595.589 303 1.966 <.001 .913 .910 .058
(baseline model) (Model 1)
Metric invariance (Model 2) 610.741 3141.945 <.001 .912 .912 .058
Scalar invariance (Model 3) 621.496 329.889 <.001 .913 .917 .056
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A Study of Primary School Students’ Interest, Colldéoration Attitude, and
Programming Empowerment in Computational Thinking Education

Highlights

Empowerment consists of meaningfulness, impact, creative and programming
self-efficacy.

The study validated the programming empowerment instrument.

Students with greater interest in programming perceive greater empowerment.
Students with positive collaboration attitude have greater creative self-efficacy.
Students in senior grades viewed programming as less meaningful than junior grades.



