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Whether the hands-on experience of creating inventions can promote Students’ interest
in pursuing a science, technology, engineering, and mathematics (STEM) career has
not been extensively studied. In a quantitative study, we drew on the attitude-behavior-
outcome framework to explore the correlates between hands-on making attitude,
epistemic curiosities, and career interest. This study targeted students who joined the
selection competition for participating in the International Exhibition of Young Inventors
(IEY1) in Taiwan. The objective of the invention exhibition is to encourage young students
to make innovative projects by applying STEM knowledge and collaborative design. We
collected 220 valid data from participants in the 2021 Taiwan IEY! selection competition
and conducted a confirmatory factor analysis and structural equation modeling to test
the hypotheses. Results indicated that: (1) hands-on making attitude was positively
related to two types of epistemic curiosity; (2) interest-type epistemic curiosity (IEC)
and deprivation-type epistemic curiosity (DEC) were positively associated with STEM
career interest; additionally, DEC had a higher coefficient on STEM career interest than
IEC; (8) both types of EC had a mediating role between hands-on making attitude and
STEM career interest. It is expected that encouraging students to participate in invention
exhibition competitions can raise both types of EC and increase their interest in pursuing
STEM careers.
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INTRODUCTION

In order to ensure that young students can meet the growing
demand for creativity in science, technology, engineering, and
mathematics (STEM) fields, educators must help them learn
to think outside the box (Hardy et al, 2017), and learn
new procedural and declarative knowledge to creatively design
projects (Nazzal and Kaufman, 2020). Higher levels of depth
capability to learn new knowledge result in a greater impact
on invention (Kok et al, 2019). Hands-on attitude and open-
ended exploration are integral components of good STEM design
(Wu et al,, 2014; Hu et al., 2020), which implies that STEM
creative exploration should play a role in activating students’
curiosity (Hong et al., 2016, 2019). That is, epistemic curiosity
is always accompanied by motivation to solve problems about
one’s surrounding environment (Buyalskaya and Camerer, 2020),
indicating that project design with STEM knowledge may impact
Students’ entrance into the STEM career pipeline (Birenbaum
et al., 2021). However, few studies have focused on exploring
the correlates between hands-on making attitude, epistemic
curiosity, and career interest. Thus, the present study aimed to
explore their correlations.

Which factors drive creative activity? According to the
Attitude-Behavior-Outcome (ABQO) model, attitudes are robust
predictors of appraisal of behavior and decision making (Ajzen
and Fishbein, 1980; Nabi et al., 2006). Epistemic curiosity (EC)
refers to one’s desire to acquire new knowledge, and comprises
two different types after engaging in activities. On one hand,
it can arouse positive feelings of intellectual interest, which is
known as Interest type EC (IEC). On the other hand, it can reduce
the undesirable condition of uncertainty that is associated with
being deprived of information, which is referred to as Deprived
type EC (DEC). As an example, scientists perform behaviors to
seek knowledge from context-specific information provided by
contextual situations to alleviate the pressure from knowledge
gaps that can reduce uncertainty about specific unknowns, and
consequently achieve their goals. Moreover, genuine interest in
a STEM career relies on individuals’ major or experience, which
influences their decisions to choose a career (Kim and Beier,
2020). However, few studies have investigated STEM experience
in a contest involving invention model making and competitions
in which Students’ hands-on making attitudes activate their
epistemic curiosity related to their career interest. Thus, drawing
on ABO, the present study formed a research framework to
explore the correlates between hands-on making attitude, IEC
and DEC, and career interest. It is expected that the study results
can be applied in Taiwan educational settings which focus on
Confucian culture.

THEORETICAL BACKGROUND

Science, Technology, Engineering, and

Mathematics Education

STEM education has become an important part of
curricula in educational systems around the world (e.g.,
Bagiati and Evangelou, 2015; Al Salami et al, 2017;

Margot and Kettler, 2019), and in particular, has seen successful
implementation in a number of Western countries including
the United States and Australia (Lee et al., 2019). In a special
issue on STEM education in 2019, Le et al. (2021) called for
further investigation of how STEM education is implemented in
Asian schools. Since then, the difficulties of implementing STEM
education have received increasing attention, and there has
been a search for effective educational approaches and curricula
(Le et al,, 2021). It has been argued that STEM narratives of
progress, competition, and innovation have obscured some of
the issues that students must face on a daily basis, including
urgent ecological, ethical, and social justice issues (Yanez et al.,
2019). Thus, an approach should be practiced with these critical
principles—production pedagogy—in mind when applying
STEM knowledge in a competition. In the process of producing
projects, students engage in critical discussion and make
alternative models which generate new perspectives on how
they might “do” differently and innovatively. In line with this,
a focus on “doing” to learn STEM to design products for an
International Exhibition of Young Inventors (IEYI) competition
was emphasized in this study.

Hands-On Making Attitude

Attitudes have been defined as an individual’s cognitive
preferences and behavioral predispositions toward objects, which
result in either favorable or unfavorable evaluations of certain
stimuli that reflect that individual’s tendency (Eagly and Chaiken,
1993). This psychological tendency conveys the individuals
evolution of referents (Augoustinos et al., 2014) and their
resulting behavioral intentions (Ajzen, 2001), Moreover, hands-
on learning has been defined as any instructional approach that
involves students in actively manipulating objects so as to develop
their knowledge or understanding (Haury and Rillero, 1994).
Activity-centered learning is used synonymously with hands-on
making, including manipulative activities and practical activities
with hands-on activities (Ates and Eryilmaz, 2011). A previous
study suggested that people’s attitudes are defined as a stable trait
that is formed a priori and is activated unconsciously in response
to either the internal or external stimuli provided by an activity
(Serenko and Turel, 2019). However, students have reported
hindering attitudes toward doing innovative research because
they may consider that innovative activities are time-consuming,
and they may face difficulties completing the activities due to
their lack of knowledge (AlGhamdi et al., 2014). In line with this,
the role of participants’ hands-on making attitudes in designing a
project for IEYI was considered in this study.

Epistemic Curiosity

Loewenstein’s (1994) information gap theory of curiosity was
recently extended by Litman and Jimerson (2004) and Litman
(2005) to include both the interest (I-type) dimension, which
involves the acquisition of novel information which can generate
positive feelings of interest, and the deprivation (D-type)
dimension, which is related with minimizing uncertainty and
eliminating undesirable states of ignorance. Epistemic curiosity
is described as the individual’s “desire to know” novel knowledge
that shrinks the discrepancy (knowledge-gap) of the “need to
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know” between known and desired information (Litman et al,,
2005). Previous studies have indicated that curiosity has a central
function in hands-on exploration and intellectual behavior
(Murayama et al., 2019), and would directly predict positive
effort beliefs and goal orientation (Grossnickle, 2016). Epistemic
curiosity (EC) is a distinctive human tendency to drive cognitive
inquisition. IEYT is a material- and activity-centered project-
making STEM competition which emphasizes hands-on as well as
minds-on activities. Hands-on making projects require students
to acquire knowledge and discuss with peers and/or instructors.
In making an invention, students have to co-produce knowledge
which interconnects scientific and technical knowledge (Eaton
et al,, 2021) and in ways of practicing epistemic curiosities
(Birenbaum et al., 2021). This suggests that students involved in
design invention drive themselves to learn more knowledge, for
example, to know how different sensors can work. Thus, the roles
that both types of epistemic curiosity play in making inventions
were explored in this study.

Career Interest

STEM-centered learning activities comprise both activities
carried out in school and out-of-school (OOS) STEM programs
(Kong et al., 2014). OOS STEM programs designed for young
teenagers emerged in association with the development of the
competencies and the corresponding confidence considered
suitable for a STEM career (Gagnon and Sandoval, 2020).
An example is a program comprising semi-structured courses
which explored how students could continue to engage across
a range of STEM career pathways. The results suggested that
specifically focusing on STEM programs for young people could
encourage them to pursue a STEM career in the future (Beier
et al., 2019). Moreover, Kang et al. (2019) suggested that OOS
programs may provide the necessary context for developing
young people’s socio-emotional and motivational skills along
with their STEM career aspirations and career determinism.
However, although STEM education has been found to be able
to motivate students to study STEM and to pursue future STEM
careers (Lee et al., 2019; Margot and Kettler, 2019), how an event
such as IEYI may develop adolescent participants’ career interest
in STEM is still unknown. Thus, participants’ career interest was
explored in this study.

RESEARCH HYPOTHESES AND MODEL

Hands-On Making Attitude and

Epistemic Curiosity

IEC refers to the “desire to know” know-how, and results in
positive feelings of intellectual interest in and enjoyment of
cognitive tasks which require effort, while DEC refers to the
“need to know” in the motivation to reduce undesirable states of
informational deprivation in cognitive tasks (Strobel, 2014). In
hands-on making contests, project design can activate Students’
curiosity to produce different kinds of artifacts (Mohr-Schroeder
et al., 2014). Moreover, most people are not even aware of the
existence of attitude and its implicit impact on their behavior,
and so they often refer to their automatically driven actions

(Serenko, 2022). When students experience pleasure in cognitive
activities, positive affect will promote high levels of curiosity,
which is more conducive to problem solving and exploratory
behaviors (e.g., Hong et al.,, 2016). Evidence supports the link
between curiosity and attitude of hands-on making, underlying
which is a high degree of uncertainty, novelty preference, and
dynamic complexity (Jirout and Klahr, 2012). Accordingly, how
hands-on making attitude related to participants’ two types
of epistemic curiosity when working collaboratively on STEM
making and design of inventions in competition groups was
hypothesized as follows:

H1: Hands-on making attitude is significantly related to
IEC.
H2: Hands-on making attitude is significantly related to
DEC.

Epistemic Curiosity and Science,
Technology, Engineering, and

Mathematics Career Interest

IEC orients individuals toward a carefree form of intellectual
exploration (Lauriola et al, 2015), relates with acquiring
knowledge purely for the intrinsic pleasure, and is associated with
“drive to know” (Litman, 2008). In contrast, DEC reflects a state
of dissatisfaction with a specific problem and is conceptualized as
a “need to know” with moderately unpleasant feelings (Litman,
2008; Subasi, 2019). It is correlated with pervasively negative
emotions such as depression, anxiety, and burnout (Litman,
2008; Kashdan et al., 2020). Nevertheless, some empirical
studies have indicated that DEC orients individuals to have
positive relationships with performance achievement, intrinsic
motivation, self-growth, stress tolerance, and perseverance to
master goal orientation (Litman et al., 2010; Kashdan et al., 2018).
It also influences one’s career optimization and professional
life (Malcom et al., 2020). However, many studies have taken
epistemic curiosity as one variable, with few separately exploring
whether the different types of EC (drive to know and need to
know) play different roles in career interest (Tang and Salmela-
Aro, 2021). Furthermore, few studies have connected epistemic
curiosity to hands-on STEM activities, an important pathway to
develop young Students’ team competitiveness and STEM career
interest (Wright and Walton, 2003; Mussel, 2013). To understand
how both types of EC relate to participants’ future career interest
was hypothesized as follows:

H3: I-type EC is to STEM
career interest.
H4: D-type EC is positively correlated to STEM

career interest.

positively correlated

Hands-On Making Attitude and Science,
Technology, Engineering, and

Mathematics Career Interest

Epistemic curiosity is driven by positive attitudes. Individuals
who are placed at a high level of EC will probably be highly
motivated and engaged in learning, and tend to frequently
exhibit explorative behaviors in choosing scientist and inventor
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careers (Birenbaum et al., 2021). Moreover, in comparison
with conventional settings, the essence of the IEYI contest
is the process of hands-on creation with STEM knowledge.
Such a competitive environment fosters more interest and
positive attitudes toward invention projects (Huang et al,
2016). Accordingly, their hands-on making attitude supports
the development of their behavioral intentions, thus leading
to actual career intention (Serenko, 2022). In this study,
considerable attention to the Attitude-Behavior-Context (ABC)
model (Guagnano et al., 1995) links to examining participants’
attitudes in the specific context of invention design, in light
of epistemic curiosity, which ultimately influences their career
interests. However, few studies have explored whether hands-
on making attitude can directly enhance Students’ intention to
participate in STEM careers. Hence, we proposed the following
hypothesis:

H5: Hands-on making attitude is significantly related
to STEM career interest mediated by two types of
epistemic curiosity.

Research Model

This study employed the ABO framework, which has been
widely used to understand behavior and outcomes in various
settings (e.g., Hansen, 2008; Ashnai et al., 2016). The pursuit of
STEM-related career interests could be the outcome regarded as
career decision-making in which students evaluate the person-
vocation fit of their career interest (Kim and Beier, 2020).
Hence, we utilized these multiple links in our models (presented
Figure 1) to confirm the influences of hands-on making attitudes
which activated two inquisitive behaviors of Students” epistemic
curiosity then predicted the outcomes of their STEM career
pursuits in a real hands-on making contest.

MATERIALS AND METHODS

Research Setting

IEYI is a science and technology contest with the designated
goal of providing students with the design knowledge and skills
needed for their future careers, and of developing Students’ core
competences such as problem solving, critical thinking, and
communication skills. Participants should prepare a complete
description of the work and the outstanding information related
to their work. Professional judges evaluate the inventions
based on the principles of creativity (e.g., innovative function;
innovative mechanism; application of scientific nature),
marketability benefits (e.g., market demand; social contribution;
appearance and exquisiteness) and operability (e.g., operation,
constitutive property, and overall integration). Therefore,
participating team members need to implicitly learn and use
scientific knowledge, mathematical principles, and creative
thinking to design their prototypes, as well as technical
knowledge, engineering ability, and practical skills to create
projects. Also, participants should decorate and articulate their
artworks with creative forms and have intelligible expression
when presenting their projects. Engaging in this task-specific

activity certainly poses cognitive challenges for youth, as they
must quickly and accurately come up with solutions to turn their
imaginations into concrete innovative products.

Participants and Research Procedure
This study used purposive sampling. The participants were
competitors from vocational high schools in Taiwan who
participated in the 2021 IEYI Taiwan Competition held on March
16, 2021, and freely signed up in teams of up to three students.
The questionnaire data were filled out and collected anonymously
while taking time out of the competition. Participants who did
not wish to complete the questionnaire could withdraw from the
study without any repercussions.

After the competition, 236 questionnaires were collected. In
a preliminary review, questionnaires with missing responses
or answers that were all the same were excluded; the valid
questionnaires numbered 213, with an effective response rate of
91.5%. The analysis sample consisted of 128 (60.71%) males and
85 (40.4%) females.

Questionnaire

The questionnaires were designed by referring to prior studies
and relevant theories to assure their face validity (Hardesty and
Bearden, 2004). The original items were then translated into
Chinese and were reviewed by domain experts for both accuracy
and intelligibility. A 5-point Likert scale was used, where 1 = very
slightly or not at all and 5 = extremely.

Hands-on making attitude (HMA): Three attitude
components: affect, behavior, and cognition (knowledge and
beliefs) were identified by Breckler (1984). In addition, according
to the Expected value theory, attitude has evolved as an integrated
framework of needs, expectations and values, and could be used
as an explanation of Students’ multidimensional attitudes toward
hands-on making (Zhang et al., 2021). Considering that attitude
definition differs depending on the culture or domain (Vogel and
Winke, 2016), the construct items of hands-on making attitude
were adapted from Hong et al’s (2021) study, which included
affect and behavior and were developed to assess students’
tendency to engage in hands-on problem-solving. The scale
has seven items such as “I like to assemble things following the
manual instructions,” and “When an electrical appliance breaks
down (e.g., an electric fan), I will try to repair it by myself first.”

Epistemic curiosity: Two different epistemic curiosity scales
were composed to assess the IEC and DEC components adapted
from Litman and Spielberger (2003). Each has six items. For
I-type EC, example items are, “The more complex the invention,
the more I enjoy exploring its innovativeness,” and “When I find
a novel invention, I will explore its features and functions by
browsing all kinds of information.” For DEC, exemplary items
are, “When I'm working on a creative project, I will continue to
explore the causes of other problems that arise after one problem,”
and “When I encounter challenges in inventing, I will estimate
and probe ways to solve them.”

STEM career interest (SCI): For this scale, the Career Interest
Questionnaire (CIQ) (Tyler-Wood et al., 2010) was compiled.
This scale consists of seven items such as “I will enjoy a career
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Hands-on

making
attitudes

FIGURE 1 | Research model.

STEM career
interest

in science” and “When I graduate, I will specialize in the field
required for a career in science or engineering.”

RESULTS

Item Analysis

In order to ensure the suitability of items in each construct, firstly,
items with factor loadings less than 0.5 were deleted. Next, a first-
order confirmatory factor analysis (CFA) was conducted to check
the internal validity of each item through excluding items which
showed the highest residuals for each construct until they reached
the recommended threshold (Hair et al., 2019b). Accordingly, the
x?/df value should remain below 5, the RMSEA is in the range
of 0.05-0.10, and the expected of GFI and AGFI values should
be above 0.80. As the results of executive Model Fit Statistics are
shown in Table 1, the deletions in this study were that HMA was
reduced from seven to four items, the IEC and DEC items were
both reduced from six to four, and the SCI items were reduced
from seven to six.

To examine the external validity of each item, we performed
an independent sample t-test. The top 27% of the scale scores
were categorized as high and the bottom 27% as low. According
to Cor (2016), the resultant value should be above 3 to be
considered as statistically significant. In this study, the ¢-value
was higher than 13.59 (p < 0.001"**), demonstrating that
the model had good discriminant and external validity, and
could be used for different samples in different situations
(Green and Salkind, 2004).

Reliability and Validity Analyses

Questionnaire reliability was assessed by Cronbach’s o and
composite reliability (CR). The Cronbach’s a value should be
above 0.7 (Tavakol and Dennick, 2011) and CR should exceed
the 0.7 threshold (Lleo et al., 2021). As shown in Table 2, the
Cronbach’s a values above 0.83 reveal that those constructs have

good internal consistency; the CR values above 0.70 indicate
that they have acceptable external consistency. Further, the
convergent validity of the constructs was verified by the AVE and
factor loading, where the values should exceed 0.5 (Lleo et al.,
2021). Table 2 shows that the FL and AVE of all variables were
above 0.6, signifying that there is acceptable convergent validity
for all constructs.

To ensure construct discriminant validity (i.e., the difference
between two constructs), it is recommended that the correlation
coefficient between two constructs be less than the square root
of the AVE of each construct (Awang et al., 2015). As can be
seen in Table 3, the square root of the AVE of each construct
exceeded the absolute value of the correlation coefficients
between constructs. Thus, the questionnaire had good construct
discriminative validity.

The Structural Model Fit Analysis

In the study, we used AMOS 20.0 to analyze the model fit. As
a large number of fit statistics consider different aspects of the
fit, Thompson (2000) suggested that researchers should report
multiple fit statistics in structural equation modeling studies.
According to the absolute fit measures, the recommended values
including x%/df should be less than 5, RMSEA should be less
than 0.1, and GFI and AGFI should be greater than 0.80 (Hair
et al.,, 2019a). As for the incremental fit measures, the fair fit
indicators include NFI, TLI, CFI, IFI, and RFI which should all
be larger than 0.8 (Hair et al., 2019a). In this study, x*/df = 2.995,
RMSEA = 0.096, GFI = 0.849, AGFI = 0.801, and NFI = 0.856,
TLI = 0.880, CFI = 0.898, IFI = 0.899, and RFI = 0.831. All of
these indicators meet the recommended criteria, demonstrating
that the model has good fit.

Path Analysis

This study adopted the covariance-based structural equation
model. The significance of the paths is determined by the value
of each path coefficient (Hair et al., 2019b). Figure 2 shows

Frontiers in Psychology | www.frontiersin.org

May 2022 | Volume 13 | Article 859179


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Cui et al.

STEM Career Interest of Young Inventors

TABLE 1 | Results of first-order confirmatory factor analysis—model fit measures.

Index Threshold Hands-on making attitude I-type EC D-type EC STEM career interest
x2/df <5 2.421 1.419 1.959 2.098
RMSEA <0.10 0.081 0.044 0.066 0.071

GFI >0.8 0.978 0.993 0.982 0.971

AGFI >0.8 0.934 0.967 0.947 0.933

FL >0.5 0.570~0.831 0.753~0.838 0.681~0.841 0.624~0.878
t-value >3 15.563~22.368 17.151~22.150 16.828~17.813 14.835~18.148

TABLE 2 | Construct reliability and validity analysis (n = 213).

Constructs M SD o CR FL AVE
Hands-on making attitude 3.824 0.756 0.826 0.894 0.757 0.628
I-type EC 4.358 0.631 0.880 0.882 0.808 0.653
D-type EC 4.272 0.671 0.864 0.894 0.787 0.628
STEM career interest 4.246 0.70 0.903 0.904 0.767 0.613
the validation of the path analysis between hypotheses. H1:  TABLE 3| Construct discriminative validity analysis (n = 213).
the influence of hands-on making attitude on I-type EC was

. . . . Constructs 1 2 3 4
supported with a standardized regression coeflicient (SRC) of
0.541 (t = 7.422"**, p < 0.001); H2: the influence of hands-on  Hands-on making attitude 0.792
making attitude on D-type EC was supported with a standardized  I-Type EC 0.459 0.808
regression coefficient (SRC) of 0.644 (t = 8.595"**, p < 0.001);  D-Type EC 0.592 0.776 0.792
H3: the influence of I-type EC on Students’ STEM career interest ~ STEM career interest 0.487 0.679 0.712 0.783

was supported with a standardized regression coefficient (SRC)
of 0.365 (¢t = 3.427***, p < 0.001); H4: the influence of D-type
EC on Students’ STEM career interest was supported with a
standardized regression coefficient (SRC) of 0.550 (t = 3.984™**,
p < 0.001).

In the path analysis, R-squared (R?) shows the proportion
of variation in the variables explained by the effects of other
variables within the model, based on the square of the multiple
correlation coefficient (Byrne, 2001). Therefore, when the value of
R? is closer to 1, the model’s explanatory ability is more powerful.
It has been suggested that R? larger than 0.67 means the model
has good explanatory ability, when it is around 0.33, the model
has fair explanatory ability, and when it is around 0.19, it has
poor explanatory ability (Awang et al., 2015). The variance of
the hands-on making attitude to I-type EC was 43.2%, and to
D-type EC it was 60.1%; and for variance of hands-on making
attitude, I-type EC and D-type EC to STEM career interest was
60.9%. Those variances were above the suggested threshold value
of 10% (Falk and Miller, 1992), indicating that all variables had
good predictive power.

The Cohen’s f2 effect size is defined as follows (Cohen,
1988): Where R? is the squared multiple correlation, 2 > 0.02,
f? > 0.15, and f> > 0.35 represent small, medium, and large
effect sizes, respectively. These data can help determine statistical
significance, but if confirmed as practically significant, it can be
judged according to the verification of the effect quantity. As
for the effect sizes in this study, results indicated that hands-on
making attitude to I-type EC had a large effect size (f*> = 0.767);
hands-on making attitude to D-type EC had a large effect size
(f*> = 1.531); and hands-on making attitude, I-type EC, and
D-type EC to STEM career interest also had a large effect size
(f*> =1.558).

Bold values on the diagonal are the square roots of AVE. To establish the
discriminative validity, the value should be greater than the inter-construct
correlations.

Indirect Effect Analysis

The study used Bootstrapping, which means using a small initial
program to load the program into the operating system to analyze
the indirect effects of this model. When the indirect effects were
analyzed, the interval between the two values did not include
zero. According to Preacher and Hayes (2008), this shows that
the model had an indirect effect. The indirect effect of hands-on
attitude on STEM career interest ranged from 0.375 to 0.974. As
shown in Table 4, this suggests that there is an indirect effect in
this research model (MacKinnon, 2008). As hypothesized, higher
levels of hands-on attitude were positively associated with STEM
career interest, thus supporting H5. That is, hands-on attitude
positively predicted STEM career intentions under the mediation
of the two types of EC.

DISCUSSION

The IEYI competition activities provide a learning environment
which creates an environment for youth learners to experience
the objects of real-world STEM-related tools to solve problems,
manipulate the real technologies within the world of work, and
experience the complete action process (Hu et al., 2020). Drawing
on ABO, this study chose young inventors who participated in
an international youth invention exhibition as subjects. How
the role of Students’ hands-on making attitude as antecedent to
motivate the epistemic behavior to advance STEM knowledge
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(=7.422)
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making
attitudes

NIVELE
(t=8.595)

FIGURE 2 | Model fit analysis. **p < 0.001; **p < 0.01; *p < 0.05.

365%**
(=3.427)

2
R =.609
STEM career
interest

£7=1.558

550w
(t=3.984)

TABLE 4 | Indirect effect analysis.

Hands-on making attitude

Construct indirect effect B 95%CI

STEM career interest 0.627*** [0.375, 0.974]

***The mean difference is significant at the 0.001 level.

and skills for IEYT contests that explicitly predict Student’s future
pursing in STEM-related career. These proposed hypotheses were
verified as follows.

The existence of attitudes implicitly impacts on individuals’
behavior, and individuals often refer attitude to the tendency
to drive actions (Serenko, 2022). In hands-on making contests,
to create functions and ensure the quality of an invention in
which that Students’ curiosity can be activated (Mohr-Schroeder
et al., 2014). In line with this, in IEYI competitions, students
need to complete their works and design excellent products to
win the competition. In this process, they have to consistently
improve the quality and function of their products; thereby
hands-on making attitudes contribute to salient beliefs and
outcome expectations (Sukhu et al., 2019). How hands-on
making attitudes relate to triggering students’ epistemic curiosity
in project design for IEYI was hypothesized, and H1 and H2
were both positively verified. This evidence supported the link
between curiosity and attitude toward hands-on making, and
is consistent with a previous study which revealed a positive
correlation when students were involved in making project with
a high degree of uncertainty, novelty preference, and dynamic
complexity (Jirout and Klahr, 2012). Moreover, the results are
supported by other studies which revealed that a positive hands-
on attitude contributed to the development of STEM knowledge
and skills when searching for or thinking about solutions to
problems (Christensen et al., 2015; Sar1 et al., in press).

Individuals’ epistemic curiosity increases their confidence in
the STEM field. We drew on the broaden-and-build psychology
of working theories to better understand how optimism about
one’s career develops and influences one’s vocational interest (Eva
et al., 2020). Inquisitive curiosity captures flexibility and risk
taking, and optimizes career confidence (Santilli et al., 2017).
Careers have been defined as a sequence of work experiences
which evolve over a person’s lifetime, and as the movement of
a person through time and work space (De Vos et al., 2021).
Work experiences help individuals to self-evaluate their person-
vocation fit, which in turn builds their personal career confidence
and interest (Glosenberg et al., 2019). In line with this, how
the efforts of attending IEYI with project making in relation
to individuals’ STEM career interest, we applied the broaden-
and-build theory to explain. Accordingly, we hypothesized that
the two types of EC can predict STEM career interest, and H3
and H4 were positively verified. The results are supported by a
previous study; for example, the extent to which interest increases
as a consequence of out-of-school program participation is a
positive yet trivial probability (Lewalter et al., 2021). Taken IEYI
contest as out-of-school activity in an invention-oriented STEM
competition, which bring out students have to thinking outside
the box in relation to practicing their epistemic curiosity in which
their STEM career interests promoted.

With more students eager to participate in STEM technology
competitions, a previous study directly spotlighted that Students’
positive attitudes toward STEM practices during competitions
can enhance their interest in making STEM projects (Ku et al.,
2022). In line with this, out-of-school STEM programs were
found to help boost high school STEM career aspirations
(e.g., Constan and Spicer, 2015; Kitchen et al., 2018). H5 was
positively supported by this research and further explains the
reasons. In the process of producing projects, students make
alternative models which generates their new perspectives on
how they might “do” (STEM) differently (Yanez et al., 2019).
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IEYI is an integrated STEM contest which provides students
with experience of analyzing, designing, verifying, and practicing
in hands-on actions to assemble interrelated elements into a
functional whole to showcase their competencies (Kim and Kim,
2021). In line with this, hands-on making attitude, as an observed
variable in Students’ subjective perceptions of the value of the
STEM competition, was shown to have an indirect effect on
their STEM career interest. This study contributes to the STEM
theory by examining an “attitude-behavior-outcome” framework
of STEM hands-on making relationships and distinguishing the
influence between IEC and DEC which were activated through
different stimulations on Students’ STEM career interest.

CONCLUSION

STEM is important because it integrates multiple disciplines,
emphasizes learning by doing and experiential learning, and
adopts practical skills assessment practices. The aim of STEM
education is to provide a seamless gateway for students moving
from school to the workplace and to contribute to the increase
in Students’ curiosity about the physical world (Jirout and Klahr,
2012) and innovation in their future career development. IEYI
is a STEM competition which highlights Students’ learning
in science, engineering, mathematics, arts, and technology
investigations. In summary, those participants who had more
positive hands-on attitudes toward solving little problems in
their daily life had higher positive predictive power for IEC and
DEC, and both types of EC positively predicted students’ STEM
career interest.

Implications

This study was conducted during a youth invention competition,
and the results showed that STEM competitions can be seen
as a suitable channel for fostering creative engagement and
access to knowledge objects as a way to stimulate Students’
developing interest in STEM. According to Knorr Cetina (2001),
“epistemic practice” exists in advanced project design, while
Guile (2009) argued that “the accumulation, verification and
distribution of knowledge to improve quality is becoming a
constitutive feature of innovation.” From this, epistemic curiosity
generated from and resting on practice could foster STEM
inquiry or reflection on problem solving during the invention
process. When attending an invention competition, if students
can maintain high levels of EC, the transition from education
to work will be supported and more of the twenty-first century
workforce will be willing to choose STEM careers in the future.
In this case, these findings provide practical guidance as to how
educators can be involved with activity-centered STEM outreach
design: implicitly designate vocational exploration practices with
cognitive challenges for young makers. Activating curiosity as
a unique aspiration has important implications for supporting
Students’ development as hands-on making inventors.

Using ABO to guide this study was feasible; hands-on making
attitudes as an antecedent could activate participants’ epistemic
curiosity in the forms of desire to know and need to know.
ABO is suitable for analyzing the predictions between perceived

behavior and career decision-making after engaging in STEM
activities, derived mainly from the interaction between contextual
factors such as successful problem solving in the invention
process (Christiansen and Tett, 2013), as a way to enhance
individuals’ career interest with person-vocation fit. This study
suggests that the hands-on making attitude of vocational high
school students involved in STEM projects should be improved
to initiate their epistemic curiosity and cultivate their long-term
career interest in STEM.

Limitations and Future Study

There are some limitations to the present study that should be
noted. Firstly, some researchers have argued that students have
already established high levels of STEM interest and positive
attitudes prior to outreach program participation (Bachman et al.,
2008). Future research can administer pre- and post-program
surveys so as to infer the causal effect of STEM competition
activities on career intentions.

The mind-sponge mechanism assumes that individuals
have a mindset, or a set of core values, which serves as a
benchmark for information absorption and multiple filtering
(Vuong and Napier, 2015), which has a further positive
influence on their thinking and behaviors (Vuong et al,
2022). In that case, when facing a problem that they cannot
solve based solely on prior knowledge and skills, Students’
mind-sponge regulates seeking information from external
sources to arouse epistemic curiosity. Such epistemic curiosity
later appears in the mindset and subsequently influences
the subjective cost-benefit judgment during information
absorption. Thus, future studies may focus on how the mind-
sponge mechanism could be revealed more deeply from
epistemic curiosity.

This study was based on an IEYI competition which involved
making a product by applying STEM; we therefore put more
emphasis on attitude toward career interest when students were
engaged in the creative activities. The point of view is from IEYI
participants’ perception; however, the scheme of organizing an
invention exhibition can influence the willingness of students
to endeavor to practice STEM knowledge and skills. This is
observed from the enrollment numbers of joining the Taiwan
IEYI competition in which the value evaluated by participants
affect them to decide how much they will engage in that will
develop their STEM interest in that career. This perspective was
not included in this study; thus, future studies can focus on the
value the rationalize participants career interest.

Finally, we described students STEM-related career
interest in general, but made no differentiation between
STEM career categories, such as science (Biological/Chemical
investigators), engineering (e.g., ICT professionals, technicians,
and construction workers), medicine (e.g., veterinarians,
dosimetrists), or health (e.g., nursing), with no breakdown of
Students’ career interest being tracked. It is therefore suggested
that future studies can adopt a more fine-grained analysis of
Students’ STEM-related domain-specific career interest to better
understand whether there are differences according to different
categories of STEM.

Frontiers in Psychology | www.frontiersin.org

May 2022 | Volume 13 | Article 859179


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Cui et al.

STEM Career Interest of Young Inventors

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation

REFERENCES

Ajzen, I. (2001). Nature and operation of attitudes. Annu. Rev. Psychol. 52, 27-58.
doi: 10.1146/annurev.psych.52.1.27

Ajzen, 1., and Fishbein, M. (1980). Understanding Attitudes and Predicting Social
Behaviour. Englewood Cliffs, NJ: Prentice-Hall.

AlGhamdji, K. M., Moussa, N. A,, AlEssa, D. S., AlOthimeen, N., and Al-Saud, A.
S. (2014). Perceptions, attitudes and practices toward research among senior
medical students. Saudi Pharm. . 22, 113-117. doi: 10.1016/j.jsps.2013.02.006

Al Salami, M. K., Makela, C. J., and de Miranda, M. A. (2017). Assessing changes in
teachers’ attitudes toward interdisciplinary stem teaching. Int. J. Technol. Design
Educ. 27, 63-88. doi: 10.1007/s10798-015-9341-0

Ashnai, B., Henneberg, S. C., Naudé, P., and Francescucci, A. (2016). Inter-personal
and inter-organizational trust in business relationships: an attitude-behavior-
outcome model. Ind. Mark. Manag. 52, 128-139. doi: 10.1016/j.indmarman.
2015.05.020

Ates, O., and Eryilmaz, A. (2011). Effectiveness of Hands-on and Minds-on
activities on students’ achievement and attitudes towards physics. Asia Pac.
Forum Sci. Learn. Teach. 12, 1-22.

Augoustinos, M., Walker, I., and Donaghue, N. (2014). Social Cognition: An
Integrated Introduction. London: Sage.

Awang, Z., Afthanorhan, A., and Asri, M. A. M. (2015). Parametric and non
parametric approach in structural equation modeling (SEM): the application
of bootstrapping. Mod. Appl. Sci. 9, 58-67. doi: 10.5539/mas.v9n9p58

Bachman, N., Bischoff, P. J., Gallagher, H., Labroo, S., and Schaumloffel, J. C.
(2008). PR2EPS: preparation, recruitment, retention and excellence in the
physical sciences, including engineering. A report on the 2004, 2005 and 2006
science summer camps. J. STEM Educ. Innov. Res. 9, 30-39.

Bagiati, A., and Evangelou, D. (2015). Engineering curriculum in the preschool
classroom: the teacher’s experience. Eur. Early Child. Educ. Res. J. 23, 112-128.
doi: 10.1080/1350293x.2014.991099

Beier, M. E., Kim, M. H,, Saterbak, A., Leautaud, V., Bishnoi, S., and Gilberto, J. M.
(2019). The effect of authentic project-based learning on attitudes and career
aspirations in STEM. J. Res. Sci. Teach. 56, 3-23. doi: 10.1002/tea.21465

Birenbaum, M., Alhija, F. N.-A,, Shilton, H., Kimron, H., Rosanski, R., and Shahor,
N. (2021). In their own words: curiosity as depicted in autobiographies of
scientists and inventors. Pers. Individ. Dif. 179:110935. doi: 10.1016/j.paid.2021.
110935

Breckler, S. J. (1984). Empirical validation of affect, behavior, and cognition as
distinct components of attitude. J. Pers. Soc. Psychol. 47, 1191-1205. doi: 10.
1037/0022-3514.47.6.1191

Buyalskaya, A., and Camerer, C. F. (2020). The neuroeconomics of epistemic
curiosity. Curr. Opin. Behav. Sci. 35, 141-149. doi: 10.1016/j.cobeha.2020.09.
006

Byrne, B. M. (2001). Structural equation modeling with AMOS, EQS, and LISREL:
comparative approaches to testing for the factorial validity of a measuring
instrument. Int. J. Test. 1, 55-86.

Christensen, R., Knezek, G., and Tyler-Wood, T. (2015). Alignment of Hands-
on STEM engagement activities with positive STEM dispositions in secondary
school students. J. Sci. Educ. Technol. 24, 898-909. doi: 10.1007/s10956-015-
9572-6

Christiansen, N., and Tett, R. (2013). Handbook of Personality at Work. New York,
NY: Routledge.

and institutional requirements. The participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

J-CH, YC, and C-RT: concept and design. C-RT and J-HY:
acquisition of data. YC: drafting of the manuscript. J-CH and
YC: critical revision of the manuscript. J-HY and YC: statistical
analysis. All authors contributed to the article and approved the
submitted version.

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences, 2nd Edn.
Hillsdale, NJ: Erlbaum, 477-478.

Constan, Z., and Spicer, J. J. (2015). Maximizing future potential in physics and
STEM: evaluating a summer program through a partnership between science
outreach and education research. J. High. Educ. Outreach Engagem. 19, 117-
136.

Cor, M. K. (2016). Trust me, it is valid: research validity in pharmacy education
research. Curr. Pharm. Teach. Learn. 8, 391-400. doi: 10.1016/j.cptl.2016.02.014

De Vos, A., Jacobs, S., and Verbruggen, M. (2021). Career transitions and
employability. J. Vocat. Behav. 126:103475. doi: 10.1016/.jvb.2020.103475

Eagly, A. H., and Chaiken, S. (1993). The Psychology of Attitudes. Fort Worth, TX:
Harcourt Brace Jovanovich College Publishers.

Eaton, W. M., Burnham, M., Kirchoff, C., and Clare Hinrichs, C. (2021). Expert
habits of mind: implications for knowledge co-production in energy transitions.
Energy Res. Soc. Sci. 80:102234. doi: 10.1016/j.erss.2021.102234

Eva, N., Newman, A., Jiang, Z., and Brouwer, M. (2020). Career optimism: a
systematic review and agenda for future research. J. Vocat. Behav. 116:103287.
doi: 10.1016/j.jvb.2019.02.011

Falk, R. F., and Miller, N. B. (1992). A Primer for Soft Modelling. Akron, OH:
University of Akron Press.

Gagnon, R. J., and Sandoval, A. (2020). Pre-college STEM camps as developmental
context: mediational relations between gender, career decidedness,
socioemotional development, and engagement. Child. Youth Serv. Rev.
108:104584. doi: 10.1016/j.childyouth.2019.104584

Glosenberg, A., Tracey, T. J. G., Behrend, T. S., Blustein, D. L., and Foster,
L. L. (2019). Person-vocation fit across the world of work: evaluating the
generalizability of the circular model of vocational interests and social cognitive
career theory across 74 countries. J. Vocat. Behav. 112, 92-108. doi: 10.1016/j.
jvb.2019.01.002

Green, S. B., and Salkind, N. (2004). Using SPSS for Windows and Macintosh:
Analyzing and Understanding Data, 4th Edn. Englewood Cliffs, NJ: Prentice-
Hall.

Grossnickle, E. M. (2016). Disentangling curiosity: dimensionality, definitions, and
distinctions from interest in educational contexts. Educ. Psychol. Rev. 28, 23-60.
doi: 10.1007/s10648-014-9294-y

Guagnano, G. A, Stern, P. C., and Dietz, T. (1995). Influences on Attitude-behavior
relationships: a natural experiment with curbside recycling. Environ. Behav. 27,
699-718. doi: 10.1177/0013916595275005

Guile, D. (2009). Conceptualizing the transition from education to work as
vocational practice: lessons from the UK’s creative and cultural sector. Br. Educ.
Res. J. 35, 761-779. doi: 10.1080/01411920802688713

Hair, J. F., Black, W. C., Babin, B.]., and Anderson, R. E. (2019a). Multivariate Data
Analysis, 8th Edn. Andover: Cengage.

Hair, J. F., Risher, J. J., Sarstedt, M., and Ringle, C. M. (2019b). When to use and
how to report the results of PLS-SEM. Eur. Bus. Rev. 31, 2-24. doi: 10.1108/
EBR-11-2018-0203

Hansen, T. (2008). Consumer values, the theory of planned behaviour and online
grocery shopping. Int. J. Consum. Stud. 32, 128-137. doi: 10.1111/j.1470-6431.
2007.00655.x

Hardesty, D. M., and Bearden, W. O. (2004). The use of expert judges in
scale development Implications for improving face validity of measures of
unobservable constructs. J. Bus. Res. 57, 98-107. doi: 10.1016/S0148-2963(01)
00295-8

Frontiers in Psychology | www.frontiersin.org

May 2022 | Volume 13 | Article 859179


https://doi.org/10.1146/annurev.psych.52.1.27
https://doi.org/10.1016/j.jsps.2013.02.006
https://doi.org/10.1007/s10798-015-9341-0
https://doi.org/10.1016/j.indmarman.2015.05.020
https://doi.org/10.1016/j.indmarman.2015.05.020
https://doi.org/10.5539/mas.v9n9p58
https://doi.org/10.1080/1350293x.2014.991099
https://doi.org/10.1002/tea.21465
https://doi.org/10.1016/j.paid.2021.110935
https://doi.org/10.1016/j.paid.2021.110935
https://doi.org/10.1037/0022-3514.47.6.1191
https://doi.org/10.1037/0022-3514.47.6.1191
https://doi.org/10.1016/j.cobeha.2020.09.006
https://doi.org/10.1016/j.cobeha.2020.09.006
https://doi.org/10.1007/s10956-015-9572-6
https://doi.org/10.1007/s10956-015-9572-6
https://doi.org/10.1016/j.cptl.2016.02.014
https://doi.org/10.1016/j.jvb.2020.103475
https://doi.org/10.1016/j.erss.2021.102234
https://doi.org/10.1016/j.jvb.2019.02.011
https://doi.org/10.1016/j.childyouth.2019.104584
https://doi.org/10.1016/j.jvb.2019.01.002
https://doi.org/10.1016/j.jvb.2019.01.002
https://doi.org/10.1007/s10648-014-9294-y
https://doi.org/10.1177/0013916595275005
https://doi.org/10.1080/01411920802688713
https://doi.org/10.1108/EBR-11-2018-0203
https://doi.org/10.1108/EBR-11-2018-0203
https://doi.org/10.1111/j.1470-6431.2007.00655.x
https://doi.org/10.1111/j.1470-6431.2007.00655.x
https://doi.org/10.1016/S0148-2963(01)00295-8
https://doi.org/10.1016/S0148-2963(01)00295-8
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Cui et al.

STEM Career Interest of Young Inventors

Hardy, J. H., Ness, A. M., and Mecca, J. (2017). Outside the box: epistemic curiosity
as a predictor of creative problem solving and creative performance. Pers.
Individ. Dif. 104, 230-237. doi: 10.1016/j.paid.2016.08.004

Haury, D. L., and Rillero, P. (1994). Perspectives on Hands-on Science Teaching.
Pathways to School Improvement, The ERIC Clearinghouse for Science,
Mathematics, and Environmental Education. Available online at: http://eric.ed.
gov/?1d=ED372926 (accessed February 2, 2022).

Hong, J.-C., Hwang, M.-Y., and Tsai, C.-R. (2021). The effect of object-free
and object-related intelligences on hands-on making self-efficacy and attitude
toward quality improvement. Int. J. Sci. Math. Educ. 19, 863-879. doi: 10.1007/
s10763-020

Hong, J.-C., Hwang, M.-Y,, Szeto, E., Tai, K.-H., and Tsai, C.-R. (2016). Positive
affect relevant to epistemic curiosity to reflect continuance intention to join a
hands-on making contest. Eurasia J. Math. Sci. Technol. Educ. 12, 2267-2279.
doi: 10.12973/eurasia.2016.1276a

Hong, J.-C., Ye, J.-H., and Fan, J.-Y. (2019). STEM in fashion design: the roles of
creative self-efficacy and epistemic curiosity in creative performance. Eurasia J.
Math. Sci. Technol. Educ. 15:em1742. doi: 10.29333/ejmste/108455

Hu, C.-C,, Yeh, H.-C,, and Chen, N.-S. (2020). Enhancing STEM competence by
making electronic musical pencil for non-engineering students. Comput. Educ.
150:103840. doi: 10.1016/j.compedu.2020.103840

Huang, N.-T. N,, Chiu, L.-J., and Hong, J.-C. (2016). Relationship among students’
problem-solving attitude, perceived value, behavioral attitude, and intention
to participate in a science and technology contest. Int. J. Sci. Math. Educ. 14,
1419-1435. doi: 10.1007/s10763-015-9665-y

Jirout, J., and Klahr, D. (2012). Children’s scientific curiosity: in search of an
operational definition of an elusive concept. Dev. Rev. 32, 125-160. doi: 10.1016/
j.dr.2012.04.002

Kang, J., Hense, J., Scheersoi, A., and Keinonen, T. (2019). Gender study on the
relationships between science interest and future career perspectives. Int. J. Sci.
Educ. 41, 80-101. doi: 10.1080/09500693.2018.1534021

Kashdan, T. B., Disabato, D. J., Goodman, F. R., and McKnight, P. E. (2020).
The five-dimensional curiosity scale revised (5dcr): briefer subscales while
separating overt and covert social curiosity. Pers. Individ. Dif. 157:109836.
doi: 10.1016/j.paid.2020.109836

Kashdan, T. B., Stiksma, M. C., Disabato, D. J., McKnight, P. E., Bekier, J., Kaji, J.,
et al. (2018). The five-dimensional curiosity scale: capturing the bandwidth of
curiosity and identifying four unique subgroups of curious people. J. Res. Pers.
73, 130-149. doi: 10.1016/j.jrp.2017.11.011

Kim, M. H., and Beier, M. E. (2020). The college-to-career transition in STEM: an
eleven-year longitudinal study of perceived and objective vocational interest fit.
J. Vocat. Behav. 123:103506. doi: 10.1016/j.jvb.2020.103506

Kim, S. L., and Kim, D. (2021). English learners’ science-literacy practice through
explicit writing instruction in invention-based learning. Int. J. Educ. Res. Open
2:100029. doi: 10.1016/j.ijedro.2020.100029

Kitchen, J. A., Sonnert, G., and Sadler, P. M. (2018). The impact of college-
and university-run high school summer programs on students’ end of high
school STEM career aspirations. Sci. Educ. 102, 529-547. doi: 10.1002/sce.
21332

Knorr Cetina, K. (2001). “Objectual practice; in The Practice Turn in
Contemporary Theory, eds T. Schatzki, K. Knorr Cetina, and E. von Savigny
(London: Routledge), 186.

Kok, H., Faems, D., and de Faria, P. (2019). Dusting off the knowledge shelves:
recombinant lag and the technological value of inventions. J. Manag. 45,
2807-2836. doi: 10.1177/0149206318765926

Kong, X., Dabney, K. P, and Tai, R. H. (2014). The association between science
summer camps and career interest in science and engineering. Int. J. Sci. Educ.
Part B 4, 54-65. doi: 10.1080/21548455.2012.760856

Ku, C.-J., Hsu, Y.-S,, Chang, M.-C,, and Lin, K.-Y. (2022). A model for
examining middle school students’ stem integration behavior in a national
technology competition. Int. J. STEM Educ. 9:3. doi: 10.1186/s40594-021-
00321-z

Lauriola, M., Litman, J. A., Mussel, P., De Santis, R., Crowson, H. M., and Hoffman,
R. R. (2015). Epistemic curiosity and self-regulation. Pers. Individ. Dif. 83,
202-207. doi: 10.1016/j.paid.2015.04.017

Le, L. T,, Tran, T. T., and Tran, N. H. (2021). Challenges to stem education in
Vietnamese high school contexts. Heliyon 7:¢08649. doi: 10.1016/j.heliyon.2021.
e08649

Lee, M.-H., Chai, C. S., and Hong, H.-Y. (2019). STEM education in Asia Pacific:
challenges and development. Asia Pac. Educ. Res. 28, 1-4. doi: 10.1007/s40299-
018-0424-z

Lewalter, D., Gegenfurtner, A., and Renninger, K. A. (2021). Out-of-school
programs and interest: design considerations based on a meta-analysis. Educ.
Res. Rev. 34:100406. doi: 10.1016/j.edurev.2021.100406

Litman, J. (2005). Curiosity and the pleasures of learning: wanting and liking new
information. Cogn. Emot. 19, 793-814. doi: 10.1080/02699930541000101

Litman, J. A. (2008). Interest and deprivation factors of epistemic curiosity. Pers.
Individ. Dif. 44, 1585-1595. doi: 10.1016/j.paid.2008.01.014

Litman, J. A., and Jimerson, T. L. (2004). The measurement of curiosity as a feeling
of deprivation. J. Pers. Assess. 82, 147-157. doi: 10.1207/s15327752jpa8202_3

Litman, J. A., and Spielberger, C. D. (2003). Measuring epistemic curiosity and
its diversive and specific components. J. Pers. Assess. 80, 75-86. doi: 10.1207/
S15327752]JPA8001_16

Litman, J. A., Crowson, H. M., and Kolinski, K. (2010). Validity of the interest- and
deprivation-type epistemic curiosity distinction in non-students. Pers. Individ.
Dif. 49, 531-536. doi: 10.1016/j.paid.2010.05.021

Litman, J. A., Hutchins, T., and Russon, R. (2005). Epistemic curiosity, feeling-of-
knowing, and exploratory behaviour. Cogn. Emot. 19, 559-582. doi: 10.1080/
02699930441000427

Lleo, A., Ruiz-Palomino, P., Viles, E., and Munoz-Villamizar, A. F. (2021). A
valid and reliable scale for measuring middle managers’ trustworthiness in
continuous improvement. Int. J. Prod. Econ. 242:108280. doi: 10.1016/j.ijpe.
2021.108280

Loewenstein, G. (1994). The psychology of curiosity: a review and reinterpretation.
Psychol. Bull. 116, 75-98. doi: 10.1037/0033-2909.116.1.75

MacKinnon, D. P. (2008). Introduction to Statistical Mediation Analysis. New York,
NY: Lawrence Erlbaum Associates.

Malcom, D. R., Cain, J., Frederick, E. K., and Johnson, C. (2020). An exploratory
assessment of epistemic curiosity in students at three Doctor of pharmacy
programs. Am. J. Pharm. Educ. 84:aje7970. doi: 10.5688/ajpe7970

Margot, K. C., and Kettler, T. (2019). Teachers’ perception of stem integration and
education: a systematic literature review. Int. J. STEM Educ. 6:2. doi: 10.1186/
540594-018-0151-2

Mohr-Schroeder, M. J., Jackson, C., Miller, M., Walcott, B., Little, D. L., Speler, L.,
et al. (2014). Developing middle school students’ interests in stem via summer
learning experiences: see blue STEM camp. Sch. Sci. Math. 114, 291-301. doi:
10.1111/ssm.12079

Murayama, K., FitzGibbon, L., and Sakaki, M. (2019). Process account of curiosity
and interest: a reward-learning perspective. Educ. Psychol. Rev. 31, 875-895.
doi: 10.1007/s10648-019-09499-9

Mussel, P. (2013). Introducing the construct curiosity for predicting job
performance. J. Organ. Behav. 34, 453-472. doi: 10.1002/job.1809

Nabi, G., Holden, R.,, and Walmsley, A. (2006). Graduate career-making and
Business Start-Up: a literature review. Educ. Train. 48, 373-385. doi: 10.1108/
00400910610677072

Nazzal, L. J., and Kaufman, J. C. (2020). The relationship of the quality of creative
problem solving stages to overall creativity in engineering students. Think. Skills
Creat. 38:100734. doi: 10.1016/j.tsc.2020.100734

Preacher, K. J., and Hayes, A. F. (2008). Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models. Behav.
Res. Methods 40, 879-891. doi: 10.3758/BRM.40.3.879

Santilli, S., Marcionetti, J., Rochat, S., Rossier, J., and Nota, L. (2017). Career
adaptability, hope, optimism, and life satisfaction in Italian and Swiss
adolescents. J. Career Dev. 44, 62-76.

Sari, U., Pektas, H. M., Sen, OF., and Celik, H. (in press). Algorithmic thinking
development through physical computing activities with Arduino in STEM
education. Educ. Inf. Technol. doi: 10.1007/s10639-022-10893-0

Serenko, A. (2022). Antecedents and consequences of explicit and implicit attitudes
toward digital piracy. Inf. Manag. 59:103559. doi: 10.1016/§.im.2021.103559

Serenko, A., and Turel, O. (2019). A dual-attitude model of system use: the effect of
explicit and implicit attitudes. Inf. Manag. 56, 657-668. doi: 10.1016/j.im.2018.
10.009

Strobel, A. (2014). Epistemic curiosity and need for cognition: assessment and
correlates. Pers. Individ. Dif. 60(Suppl.):S8. doi: 10.1016/j.paid.2013.07.171

Subagi, A. (2019). A dynamic systems theory of epistemic curiosity. New Ideas
Psychol. 54, 8-14. doi: 10.1016/j.newideapsych.2018.12.003

Frontiers in Psychology | www.frontiersin.org

May 2022 | Volume 13 | Article 859179


https://doi.org/10.1016/j.paid.2016.08.004
http://eric.ed.gov/?id=ED372926
http://eric.ed.gov/?id=ED372926
https://doi.org/10.1007/s10763-020
https://doi.org/10.1007/s10763-020
https://doi.org/10.12973/eurasia.2016.1276a
https://doi.org/10.29333/ejmste/108455
https://doi.org/10.1016/j.compedu.2020.103840
https://doi.org/10.1007/s10763-015-9665-y
https://doi.org/10.1016/j.dr.2012.04.002
https://doi.org/10.1016/j.dr.2012.04.002
https://doi.org/10.1080/09500693.2018.1534021
https://doi.org/10.1016/j.paid.2020.109836
https://doi.org/10.1016/j.jrp.2017.11.011
https://doi.org/10.1016/j.jvb.2020.103506
https://doi.org/10.1016/j.ijedro.2020.100029
https://doi.org/10.1002/sce.21332
https://doi.org/10.1002/sce.21332
https://doi.org/10.1177/0149206318765926
https://doi.org/10.1080/21548455.2012.760856
https://doi.org/10.1186/s40594-021-00321-z
https://doi.org/10.1186/s40594-021-00321-z
https://doi.org/10.1016/j.paid.2015.04.017
https://doi.org/10.1016/j.heliyon.2021.e08649
https://doi.org/10.1016/j.heliyon.2021.e08649
https://doi.org/10.1007/s40299-018-0424-z
https://doi.org/10.1007/s40299-018-0424-z
https://doi.org/10.1016/j.edurev.2021.100406
https://doi.org/10.1080/02699930541000101
https://doi.org/10.1016/j.paid.2008.01.014
https://doi.org/10.1207/s15327752jpa8202_3
https://doi.org/10.1207/S15327752JPA8001_16
https://doi.org/10.1207/S15327752JPA8001_16
https://doi.org/10.1016/j.paid.2010.05.021
https://doi.org/10.1080/02699930441000427
https://doi.org/10.1080/02699930441000427
https://doi.org/10.1016/j.ijpe.2021.108280
https://doi.org/10.1016/j.ijpe.2021.108280
https://doi.org/10.1037/0033-2909.116.1.75
https://doi.org/10.5688/ajpe7970
https://doi.org/10.1186/s40594-018-0151-2
https://doi.org/10.1186/s40594-018-0151-2
https://doi.org/10.1111/ssm.12079
https://doi.org/10.1111/ssm.12079
https://doi.org/10.1007/s10648-019-09499-9
https://doi.org/10.1002/job.1809
https://doi.org/10.1108/00400910610677072
https://doi.org/10.1108/00400910610677072
https://doi.org/10.1016/j.tsc.2020.100734
https://doi.org/10.3758/BRM.40.3.879
https://doi.org/10.1007/s10639-022-10893-0
https://doi.org/10.1016/j.im.2021.103559
https://doi.org/10.1016/j.im.2018.10.009
https://doi.org/10.1016/j.im.2018.10.009
https://doi.org/10.1016/j.paid.2013.07.171
https://doi.org/10.1016/j.newideapsych.2018.12.003
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Cui et al.

STEM Career Interest of Young Inventors

Sukhu, A., Choi, H., Bujisic, M., and Bilgihan, A. (2019). Satisfaction and positive
emotions: a comparison of the influence of hotel guests’ beliefs and attitudes on
their satisfaction and emotions. Int. J. Hosp. Manag. 77, 51-63. doi: 10.1016/j.
ijhm.2018.06.013

Tang, X., and Salmela-Aro, K. (2021). The prospective role of epistemic curiosity
in national standardized test performance. Learn. Individ. Dif. 88:102008. doi:
10.1016/j.1indif.2021.102008

Tavakol, M., and Dennick, R. (2011). Making sense of Cronbach’s alpha. Int. J. Med.
Educ. 2, 53-55. doi: 10.5116/ijme.4dfb.8dfd

Thompson, B. (2000). “Ten commandments of structural equation modeling,” in
Reading and Understanding MORE Multivariate Statistics, eds L. G. Grimm
and P. R. Yarnold (Washington DC: American Psychological Association),
261-283.

Tyler-Wood, T., Knezek, G., and Christensen, R. (2010). Instruments for assessing
interest in STEM content and careers. J. Technol. Teach. Educ. 18, 345-368.
Vogel, T., and Winke, M. (2016). Attitudes and Attitude Change, 2nd Edn. London:

Routledge. doi: 10.4324/9781315754185

Vuong, Q. H., and Napier, N. K. (2015). Acculturation and global mindsponge: an
emerging market perspective. Int. J. Intercult. Relat. 49, 354-367. doi: 10.1016/
j.ijintrel.2015.06.003

Vuong, Q. H,, Le, T. T, La, V. P, Huyen, N,, Ho, M. T.,, Van Quy, K,
et al. (2022). Covid-19 vaccines production and societal immunization
under the Serendipity-mindsponge-3d knowledge management theory and
conceptual framework. Human. Soc. Sci. Commun. 9:22. doi: 10.31222/osf.io/
3g9df

Wright, T. A., and Walton, A. P. (2003). Affect, psychological well-being and
creativity: results of a field study. J. Bus. Manag. 9, 21-32.

Wu, H.-T., Hsu, P.-C., Lee, C.-Y., Wang, H.-]., and Sun, C.-K. (2014). The impact of
supplementary hands-on practice on learning in introductory computer science
course for freshmen. Comput. Educ. 70, 1-8. doi: 10.1016/j.compedu.2013.08.
002

Yanez, G. A., Thumlert, K., de Castell, S., and Jenson, J. (2019). Pathways to
Sustainable Futures: a “production pedagogy” model for STEM Education.
Futures 108, 27-36. doi: 10.1016/j.futures.2019.02.021

Zhang, Y., Luo, R, Zhu, Y., and Yin, Y. (2021). Educational robots improve K-
12 students’ computational thinking and STEM attitudes: systematic review.
J. Educ. Comput. Res. 59, 1450-1481. doi: 10.1177/0735633121994070

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Cui, Hong, Tsai and Ye. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

11

May 2022 | Volume 13 | Article 859179


https://doi.org/10.1016/j.ijhm.2018.06.013
https://doi.org/10.1016/j.ijhm.2018.06.013
https://doi.org/10.1016/j.lindif.2021.102008
https://doi.org/10.1016/j.lindif.2021.102008
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.4324/9781315754185
https://doi.org/10.1016/j.ijintrel.2015.06.003
https://doi.org/10.1016/j.ijintrel.2015.06.003
https://doi.org/10.31222/osf.io/3g9df
https://doi.org/10.31222/osf.io/3g9df
https://doi.org/10.1016/j.compedu.2013.08.002
https://doi.org/10.1016/j.compedu.2013.08.002
https://doi.org/10.1016/j.futures.2019.02.021
https://doi.org/10.1177/0735633121994070
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	How Does Hands-On Making Attitude Predict Epistemic Curiosity and Science, Technology, Engineering, and Mathematics Career Interests? Evidence From an International Exhibition of Young Inventors
	INTRODUCTION
	Theoretical Background
	Science, Technology, Engineering, and Mathematics Education
	Hands-On Making Attitude
	Epistemic Curiosity
	Career Interest

	Research Hypotheses and Model
	Hands-On Making Attitude and Epistemic Curiosity
	Epistemic Curiosity and Science, Technology, Engineering, and Mathematics Career Interest
	Hands-On Making Attitude and Science, Technology, Engineering, and Mathematics Career Interest
	Research Model

	Materials and Methods
	Research Setting
	Participants and Research Procedure
	Questionnaire

	Results
	Item Analysis
	Reliability and Validity Analyses
	The Structural Model Fit Analysis
	Path Analysis
	Indirect Effect Analysis

	Discussion
	Conclusion
	Implications
	Limitations and Future Study

	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


