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Abstract

The relationship between highly desired 21st century skills, such as students' attitudes toward STEAM, critical
thinking dispositions, and decision-making abilities, and the role of gender on these associations was investigated
in this study. The data was collected from 4th grade students in the 2022-2023 academic year using the typical
case sampling method. “STEAM Attitude Scale”, ‘Critical Thinking Disposition Scale” and ‘Decision-Making
Skill Scale” were utilized. The mediation model was estimated using the whole sample, followed by multigroup
analyses that employed gender as the moderation variable. The results indicated that primary school students'
attitudes towards STEAM, their critical thinking dispositions, and their decision-making skills were at a high
level. The mediation analysis revealed that attitudes towards STEAM had direct effect on decision-making skills,
and critical thinking disposition was found to be partially mediating this association. Multigroup analyses
provided evidence for the significant moderating role of gender pertaining to the specified associations in the
model. The findings provide insights into the importance of developing positive attitudes towards STEAM
disciplines regarding their evidential effect on critical thinking dispositionand informed decision-making skills
in primary schools and the necessity of attending to the role of gender in future educational interventions.
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Introduction

Changes in individual and societal needs, along with rapid global changes in science, technology, innovations,
and teaching approaches, have undoubtedly affected the adaptive skills expected from the individual. Many
countries have incorporated these skills into their curriculum, such as producing knowledge and using it in daily
life, thinking critically, being decisive entrepreneurs, working collaboratively to solve problems, and having
communicationskills (e.g., Ministry of National Education [MoNE], 2018; National Research Council, 2014).
Although there is no consensus on21st centuryskills that globally inspire curricula, these vital skills for schooling
can be listed as self-efficacy, career and life skills, cooperation and collaborative thinking, critical thinking,
creative thinking, and problem solving (Beers, 2001; Lamb et al., 2017). Additionally, the widespread use of
social media, along with rampant misinformation (Kyza et al., 2020), and the availability of online educational
resources requirestudents to gainand apply higher-order decision-makingskills to effectivelyaccessand critically
select useful, reliable, and trustworthy information. Therefore, critical thinking and decision-making skills are
among the most prominent skills that an individual should have in the 21st century (Binkley et al., 2012).
Promoting STEAM education—which is an interdisciplinary approach consisting of science, technology,
engineering, art, and mathematics disciplines—can help individuals attain these skills and provide opportunities
for learning via real-life applications (Ge et al., 2015). This interdisciplinary and integrated type of education is
considered to be significantly contributing to the pivotal skills of individuals such as critical thinking, decision-
making, creativity,communication, and cooperation (Kardes, 2020). The skills targeted by science programs, the
goals of STEAM education, and 21st century skills overlap. Therefore, in this study, the relationships between
attitudes towards STEAM and 21st century skills—specifically, critical thinking disposition and decision-making
skills—were investigated.

* Corresponding Author: Siimeyye Aydin Giirler, s.aydingurler@gmail.com
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Attitudes towards STEAM

By adding the art discipline, STEAM education is created to understand and promote the relationship between the
science, technology, engineering, and mathematics (STEM) disciplines (Jin et al., 2012). This approach to
education contributes positively to students' cognitive development, as well as their psychological and emotional
development, critical and creative thinking, problem-solving skills (Giirliyenkaya-Bag, 2020) and creativity
(Aguilera & Ortiz-Revilla, 2021). Due to its utilitarian and instrumental values that promote economic growth
and productivity, STEM education is incorporated into scientific, mathematical, and technical disciplines
throughout the world (Takeuchi et al. 2020). Acourse of action forasuccessful STEM education is to ensure that
students gain a positive attitude towards these skillsatan early age because itis difficult to change student attitudes
that are dewveloped at an early age in the absence of impactful perception-altering situations or regulations
(Nacaroglu & Kizkapan, 2021). Children's participation in integrated STEM activities during their childhood
enables them to develop higher order thinking on topics that are beyond the scope of asingle subject (Aguilera &
Ortiz-Revilla, 2021), and through well-planned STEM education, students can gain a positive attitudes towards
STEM-related fields (Tseng etal., 2013).

Critical Thinking Disposition

Critical thinking is defined as a "nonlinear and recursive" process of making purposeful, evaluative, and situated
judgments in order to form beliefs and perform actions (Facione et al., 1995). Students need to hawve critical
thinking skills not only to be able to define and overcome the problems encountered in daily life (Nugraheni et
al., 2022) but also to prepare them for the competitionin the business world (Duffy et al., 2022). The critical
thinking process is mainly explained by its cognitive and dispositional dimensions (Facione, et al., 1995). The
cognitive skills consist of analyzing, explaining, and interpreting aspects of problems, thinking about the
multidimensionality of a problem, evaluating the accuracy and precision of information, and drawing conclusions
(American Philosophical Association[APA], 1990; Facioneetal., 2000). The dispositional dimension of thinking
critically can be defined as seeking alternatives and reasons for a certain situation, having a tendency to use
scientific methods inthe decision-making process, self-questioning, and being open to new ideas (Facione, 2000).
According to Wan and Cheng (2019), critical thinking dispositionis a prerequisite for critical thinking because
critical thinking disposition expresses the emotional dimension of thinking. In other words, individuals who excel
in the cognitive aspect of critical thinking may not necessarily apply them effectively to relevant contexts due to
a low level of critical thinking disposition. They defined this unbalanced status as ‘pre-critical’. Therefore, both
cognitive skillsand dispositional dimensions should be taken into account to gain a comprehensive understanding
of a person’s critical thinking. Studies have shown positive associations between a higher critical thinking
disposition and problem-solving skills (Tiimkaya et al., 2009) and cognitive flexibility and mathematics
achievement (Gliner & Gokce, 2021). Furthermore, the degree of critical thinking disposition has been found to
be influenced by self-efficacy (Aydin Giirler, 2022), gamified STEM practices (Asigigan & Samur, 2021), the
classroom learning environment, and the family environment (Wan, 2022).

Decision-Making Skills

Decision-making is defined as making a choice among many alternatives for the purposes of “accountability,
selection, placement, evaluation, diagnosis, and improvement” (Griffinet al., 2012, p.19). During the decision-
making process, individuals intend to choose the most probable outcome, that meets their needs among multiple
options with differing levels of importance (Byrnes, 2002). This skill is integrated into Turkey’s current science
curriculum as ‘life skills’. Low level of decision-making skills was found to be associated with low academic
achievement (Papachristouetal., 2022), lowcognitive ability (Demaree et al., 2010;Flourietal., 2019), including
problem solving skills (Yurtseven et al., 2021), and a higher likelihood of maladaptive behaviors including
bullying and ADHD (Bubier & Drabick, 2008; Flouri & Papachristou, 2019). Although equipping individuals
with better decision-making skills is among the most general goals of education (Clemen & Gregory, 2000), there
exists very limited research related to primary school students as the majority of studies are conducted on adults.
Some of the activities that improve students' decision-making skills are participation in brainstorming sessions,
effective teamwork with their peers, and being active in the problem-solving process (Clemen & Gregory, 2000).
STEM applications also include similar activities. During STEM activities, students develop different solutions
for real-world problems, decide on the most appropriate solution, test and evaluate their decisions, and make
necessary improvements for their evaluation (Ercan, 2014).
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The Constructs of Interest and the Role of Gender

The literature encourages the use of STEAM education for the purpose of attaining 21st century skills and
dispositions, including critical thinking, problem solving, and decision-making. The art dimension of STEAM
education supports the development of cognitive skills such as decision making, thinking, problem solving,
collaboration, and communication skills (Taylor, 2016). Critical thinking and meta-cognitive skills develop
especially during the applications of STEAM education (Mangold & Robinson, 2013). Some studies conducted
with students and teacher candidates suggest that STEM education contributes positively to students' critical
thinking and problem-solving skills (Elliot et al., 2001). According to teachers, the STEM approach yields
multidimensional thinkingand improves students' decision-making skills (Bakirc1 & Kutlu, 2018).

STEM education is aimed at training individuals who design and implement products according to problem
situations. In addition, STEAM activities aim to support decision-making skills by raising individuals who can
reach the most accurate solution for problems (Bybee, 2010; Jonassen, 2011). Critical thinking is an antecedent
skill to decision-making, and some literature demonstrates the effectiveness of particular teaching practices—that
enhance critical thinking skills—inthe decision-making process of individuals (Schraagen & van de Ven, 2008;
van den Bosch & Helsdingen, 2002). Critical thinking offers important benefits to individuals by helping them
make better decisions both in their private and professional lives (Daft, 2010). Finally, pertaining to gender,
numerous studies have found differing degrees of attitude or tendency towards STEM/STEAM (e.g., Karakus &
Bircan, 2022; Knezek et al., 2011; Vervecken et al., 2013); critical thinking disposition (e.g., Emir, 2012; Rudd
et al., 2000; Shubina & Kulakli, 2019); and decision-making skills (e.g., Tekin & Ulas, 2016). Therefore, we
sought to examine the role of gender with respect to the constructs and their associations.

Significance of the Study

Awide variety of studies onattitudes towards STEAM, critical thinking,and decision-makingskills are examined.
Howewer, no study has been found that concurrently examines STEAM attitudes, critical thinking and decision-
making skills. Many studies in the literature showthat activities and initiatives related to STEM education in the
early years of educationaffect students' perceptions and dispositions towards the STEM field (Bagiati et al., 2010;
Bybee & Fuchs, 2006). Therefore, raising awareness among students about STEM at an early age is necessary to
both develop positive attitudes towards STEM and have them pursue a STEM-oriented profession (Wyss etal.,
2012). STEAM education plays a central role in helping students acquire 21st century competencies such as
creativity, critical thinking, and decision-making (Liao, 2016; Sousa & Pilecki, 2013). By developing students’
attitudes towards STEAM, students’ critical thinking disposition and decision-making skills can be positively
affected. The aforementioned literature provides strongevidence that these three concepts are relatedto each other
(see Section1.4.). Giventhat many studies in the literature emphasize the importance of STEM/STEAM education
inthe primary school (Becker & Park,2011; Murphy & Mancini-Samuelson,2012), the followingreasons warrant
the conduct of this study: the scarcity of studies on primary school students in relation to our constructs; the
importance of developing students’ attitudes towards STEM/STEAM at a young age and its influence on
subsequent attitudes; and the degree to which these attitudes are associated with 21st century skills including
attitudes towards STEAM and decision-making skills. Therefore, the aim of this study is to examine the
relationships between primary school students’ attitudes towards STEAM, their critical thinking dispositions, and
their decision-making skills. Based on the formerly established bi-relations, we propose the conceptual model in
Figure 1. Moreover, Kocak et al. (2021) reportedthat critical thinking mediated the relationship between 21st
century skillsand problem-solving skills. Based on the literature and the conceptual model in Figure 1, critical
thinking dispositions display a possible mediating role in the relationship between attitudes towards STEAM and
decision-making skills. Finally, examining the moderating role of gender on these relationships will contribute to
theory about the generalizability of the associations.
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Figure 1. The conceptual model

In this regard, the following research problemsare proposed:

1. What are the lewvels of primary school students’ attitudes towards STEAM, their critical thinking
dispositions, and their decision-making skills?

2. What are the direct and indirect relationships between primary school students’ attitudes towards
STEAM, their critical thinking dispositions and their decision-making skills? (Pertaining to indirect
relationships, we seek the mediating role of critical thinking disposition on the relationship between
attitudes towards STEAM and decision-making skills.)

3. Dothedirectand indirectrelationships betweenprimaryschool students' attitudes towards STEAM, their
critical thinking dispositions,and their decision-makingskills differ accordingto gender? In other words,
does gender moderate the relationships?

Method

Research Design

In this study, we collected cross-sectional quantitative data to analyze directand indirect relationships between
fourth-grade students attitudes towards STEAM, critical thinking disposition, and decision-making skills using
structural equation modeling (SEM), which refers to a family of statistical techniques to e xamine directions and
strengths of relationships between multiple variables (Kline, 2011). Additionally, we analyzed the mediating role
of critical thinking disposition by using the SEM model and the moderating role of gender after multigroup
analyses (Ryu & Cheong, 2017).

Participants

In this study, we sought a normative sample—pertaining to student socioeconomic status and achievement
levels—that has a higher probability of representing the overall student population of Turkey. We employed
convenience sampling method by considering our selection criteria and selected five primary schools froma
district of a city that is located in the Southeast Anatolia Region within 2022 -2023 academic year. We obtained
ethical approvals and subsequently collected data from 650 fourth-grade students (53.1% female and 46.9% male).

Measures

Attitudes toward STEAM, critical thinking, and decision-makingskillswere latent factorsinthe model. The items
that predicted these factors had categorical response scales. We quantified the items such that higher values
represented more favorable responses for the underlying factor. Gender is measured by a binary item (coded 0 for
male and 1 for female).

Students’ attitudes toward STEAM were measured by the STEAM Attitude Scale for Elementary School Students
(Giirliyenkaya-Bas, 2020). This scale consists 0f20 five-point Likert-type items—each subdomain was measured
by four items—such as “I am curious about how machines work™ and T like solving mathematics problems.” The
responses range from 1 “absolutely disagree” to 5 “absolutely agree.” Negatively worded items such as “T find
science lessons unnecessary” were reverse coded. Cronbach’s alpha coefficients for items ranged from 0.80 to
0.83. Additionally, reliability coefficients for sub-domains, due to the low number of items, ranged from
‘satisfactory’ to ‘high’ (Taber, 2018): Cronbach’s alpha coefficient was 0.74 for science, 0.59 for technology,
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0.69 for engineering, 0.62 for art, and 0.64 for mathematics. However, the reliability of the whole scale was very
good (a=0.82).

We measuredcritical thinking skills using the Critical Thinking Disposition Scale that was developed by Ulucinar
and Akar (2021). This scale's items were graded on a four-point Likert scale (from 1 "never"to 4 "always"). This
18-item scale contains four subscales: skepticism, curiosity, open-mindedness and objectivity/bias. It included
items suchas ‘I try to understand the reason for someone’s behavior before judging it” to measure skepticism, “I
don’t believe everything I see or hear. I doubt if it is true” to measure curiosity, and ‘I pay attention to whether
there is an implicit meaning in what someone says”to measure open-mindedness. Negatively worded items that
measure the objectivity or bias of students—suchas ‘I think the ideas of my loved ones are correct”—were reverse
coded. The reliability of this scale was good (a=0.81). Cronbach’s alpha coefficients of items ranged from 0.79
t0 0.81.

Finally, we used ‘Decision Making Skills Scale for Primary School Students’ (Sever & Ersoy, 2019) to measure
students’ decision-making skills. Items of this 15-item Likert-type scale had four response categories ranging
from 1 “never” to 4 “always” and included items such as “I examine the content of the subject for which I make
a decision.” The scale of this construct demonstrated very good reliability (a=0.84). Cronbach’s alpha coefficients
for items ranged from 0.83 to 0.84.

Data Management and Analysis

We applied Anderson and Gerbing’s (1988) two-step procedure for SEM analyses. First, we performed
confirmatory factor analysis (CFA) to verify the unidimensionality of the factor structures of our latent variables.
In the second stage, we fit the data to estimate our hypothesized SEM model. We performed two SEM analyses:
the firstwas performedon the whole sample, and the second was performed by grouping the gender variable.
Prior to data analyses, we conducted data diagnostics to check for normality, outliers, and missing data. Some of
our categorical variables were slightly skewed. Thus, we used a robust maximum likelihood (MLR) estimator that
is robust to the non-normality of the observed variables (Muthen-Muthen, 1998-2017). Mplus has a default
procedure to handle missing data via the implementation of the full information maximum likelihood estimator
(FIML). Finally, outliers can distort the estimation of fit indices and po pulation parameters (Leys et al., 2018).
The literature provides mixed recommendations about the removal of outliers. We adopted Verardi and Dehon’s
(2010) procedure in Stata to detect multivariate outliers using the ‘minimum covariance determinant estimator’
which is a more robust variant of the basic Mahalanobis distance. Stata returned 17 possible multivariate outliers.
We only removed three cases that were logically unacceptable (i.e., the students who provided extreme responses
to both negatively worded items and other items of the same construct). Moreover, both MLR and bootstrapping
procedures in Mplus improve standard errors when outliers are present (Muthen-Muthen, 1998-2017). Therefore,
to obtain robust estimates and to ascertain ecological validity, the other items were kept in the data.

For evaluating the model fit, Kline (2011) suggests RMSEA to be less than 0.10, CFl and TLI greater than 0.90,
and SRMR less than 0.08. We performed CFA on three scales: in line with Giirliyenkaya-Bas (2020), the scale
measuring STEAM attitudes consisted of five level-1 factors that are loaded on the main factor (i.e., attitudes
towards STEAM), and the other items were defined to measure the corresponding factor without a hierarchical
factor structure. In cross-sectional studies, items that measure the same construct are considered to correlate due
to the overlapping of the item content (Byrne, 2012), so we allowed residual variances of some items of the same
construct to correlate due to the method effect. Our CFA model fits the data well. The analysis produced the
following fit indices: y? = 1241.285,df = 932 and p < 0.05; RMSEA = 0.023,CI = [0.019,0.026]; CFI =
0.947; TLI = 0.943; and SRMR = 0.042. All items had sufficient loadings on factors. We used the same
measurement model for mediation analyses. We performed the bootstrapping method, which does not rely on
distributional assumptions (Ryu & Cheong, 2017), with 1000 replications to estimate bias-corrected standard
errors and confidence intervals of indirect effects (Preacher & Hayes, 2008). The mediation analyses were
conducted using Mplus 8 software.

Results
Missing Data
Following the removal of multivariate outliers, the results of statistical analyses were obtained fromthe remaining

data, which contained 647 cases. We examined the data for the missing values and their pattern. Each variable
had less than 4% of missing values, which is very little concerninarelatively large sample (Kline, 2011), and the
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majority of the missing values were generated due to students’ mistakes (specifically, providing multiple answers
for the same item). There was no systematic pattern of missing data. Therefore, the Mplus FIML procedure and
bias-corrected bootstrap standard errors and confidence intervals were utilized to account for the missing values
(Muthen-Muthen, 1998-2017).

Descriptive Statistics
Using Mplus, we obtained correlationsand standard deviations of latent variables for the whole sample and the
multigroup sample. Descriptive statistics and the results of mediation analyses are reported separately for each

cohort. We obtained the descriptive statistics depicted in Table 1 to answer our first research question.

Table 1. Descriptive statistics!?: Estimated means, standard deviations, and correlations of latent factors

All Sample Female Male

(l\geDa)n3 Steam CT ('\geDa)ng Steam CT DM (l\geDa)n3 Steam CT DM
i o o
o 2R ows s ) o 1 25 o
DM ?002556) 0.597  0.798 ?00323) 0.669 0.807 1 509227) 0524 0800 1

1 Abbreviations: Steam = Attitudes towards STEAM; CT = Critical thinking disposition; DM = Decision-making skills

2 Al correlations were significant

3 Mplus does not produce means if the data is cross-sectional. For comparison, average values of factors, ignoring missing
cases, were estimated by their composite values in Stata

Our first research problem sought to determine the level of primary school students' attitudes towards STEAM,
their critical thinking dispositions, and their decision-making skills. Students’ attitudes towards STEAM values
are of the 5-point Likert-type, and the values of the other two scales are of the 4-point Likert type. The range of
these values was divided into five categories, and each category was labeled from 1 (very low) to 5 (very high).
Students, on average, had a high level of attitudes towards STEAM (M = 3.797, SD = 0.666), critical thinking
disposition (M = 2.838,5SD = 0.554) and decision-making skills (M = 3.005, SD = 0.556). In comparison
with male students, female students had slightly higher mean scoreson all factors. Inthe correlation matrices, the
highest correlation was seen between critical thinking disposition and decision-making skills inall three cohorts.
The bi-correlations among factors were higher for female students.

Mediation Analyses

To answer the second research problem, we specified our models based on our conceptual model. To answer our
third research problem, we performed multigroup analyses to test whether structural paths are equivalent with
respect to male and female students.

In our hypothesized model, student attitudes towards STEAM predictedstudent decision-makingskills and critical
thinking disposition, and critical thinking disposition predicted student decision-making skills. We hypothesized
that critical thinking disposition is a mediator in the relationship between attitudes towards STEAM and student
decision-making. The data fit our model well. y2 = 1241.285,df = 932 and p < 0.05; RMSEA = 0.023,CI =
[0.019,0.026]; CFI =0.947; TLI = 0.943;and SRMR = 0.042. The proportion of variance explained on
dependent variables (i.e., R-square) was 0.369 for critical thinking disposition and 0.657 for decision-making
skills. R-squared values for subdomains of attitudes towards STEAM were 0.466 for science, 0.725 for
technology, 0.813 forengineering, 0.773 forart,and 0.507 for mathematics. The results indicatedthat all specified
paths were significant (see Figure 2 and Table 2).
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Figure 2. Standardized structural path coefficients

Figure 2 shows that student attitudes towards STEAM significantly predicted student critical thinking disposition
(B = 0.608). Similarly, critical thinking disposition significantly predicted student decision-making skills (8 =
0.690) in this relationship. The smallest effect size was found on the path from attitudes towards STEAM to
decision-making skills (8 = 0.178).

Gender Differences: Moderated Mediation

To evaluate the moderating effect of gender on the model, we employed a multigroup analysis (Ryu & Cheong,
2017). We compared an unconstrained model that freely estimated path coefficientsto a constrained model that
forced corresponding path coefficients to be equal across male and female samples. Unconstrained multigroup
SEM model fit indices were acceptable: y? =2405.121,df = 1948 and p < 0.05; RMSEA =
0.027 [0.023,0.030]; CFI = 0.924; TLI = 0.923; SRMR = 0.057. Constrained multigroup SEM model fit
indices were also acceptable: x% = 2463.606,df = 1953 and p < 0.05; RMSEA =
0.028 [0.025,0.032]; CFI = 0.915; TLI = 0.914; SRMR = 0.064. These two models are nested; therefore, we
performed a scaled chi-square difference test for the moderation role of gender: Ay? = 58.49,Adf = 5,p <
0.001. This result indicates that the structural associations differ with respect to gender. In other words, gender
moderates the direct and indirect effect sizes. For this reason, we report standardized path coefficients for each
cohort separately. Table 2 shows that the standardized path coefficients from attitudes towards STEAM to both
critical thinking disposition and decision-making skills were larger for girls. For boys, although the path
coefficient from critical thinking disposition to decision-making skills was larger than that of female students, the
path from attitudes towards STEAM to decision-making skills was nonsignificant.

Table 2. Standardized path coefficients

All Sample Unconstrained Multigroup Model

Outcome variables Female Male

Attitudes towards STEAM - Critical 0.608* 0.654* 0.588*
thinking Disposition (0.048) (0.057) (0.074)
Critical Thinking Disposition — Decision- 0.690* 0.632* 0.740*
Making (0.050) (0.069) (0.075)
Attit_udes towards STEAM - Decision- 5 17g* 0.266* 0.096

Making (0.052) (0.072) (0.078)

Upon obtaining acceptable model fit indices and significant relationships between factors, we report indirect
effects of critical thinking disposition on the relationship between 4th grade students’ attitude towards STEAM
and their decision-making skills following the procedures that are suggested by MacKinnon (2008). For testing
the mediation effect with bias-corrected standard errors, we performed the bootstrapping method in Mplus.
Additionally, instead of using the Sobel method for testing the significance of the indirect relationship, Mplus
employs the default delta parameterization method—from which the Sobel method is derived (MacKinnon,
2008)—hby default (Muthen-Muthen, 1998-2017).
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Table 3. Standardized bootstrap values and their 95% confidence intervals for the direct and indirect effects

Paths All Sample Female Male

Direct effect

*k *kk
Steam — DM 0.178**(0.053) 0.266*** (0.075) 0.096 (0.082)

Cl=[0.079,0.228]  CI=[0.125,0.407]  ClI =[-0.069,0.262]

Indirect effect

0.419%%(0,045) 0414 (0.060)  0.435%** (0.076)
Steam = (T=>DM  _10343,0521]  CI=[0.309,0545]  ClI=[0.300,0.589]
0.597*%* (0.042)  0.680%**(0.049) 0.531%** (0.065)

Total effect Cl=[0514,0679]  Cl=[0567,0.765]  Cl =[0.390,0.652]

Note: Standardized values; standard deviations are given in parenthesis; (*** p < 0.001; ** p <0 .01; * p<0.05)
Abbreviations: Steam = Attitudes toward STEAM; CT = Critical thinking disposition; DM = Decision-making skills

Table 3 shows that the critical thinking disposition partially mediated the association between student attitudes
towards STEAM and their decision-making skills in the all sample and the female-only sample. Their significant
indirect effects were 8 = 0.419 for all students in the sample and g = 0.414 for female students. For the male-
only sample, attitudes towards STEAM had a significant indirect effect on student decision-making skills via
student critical thinking disposition (8 = 0.435) and it was larger than that of the female-only sample. The total
effect for all samples was (8 = 0.597). Female students had a larger total effect (8 = 0.680) than male students
(B = 0.531).

Discussion

In this study, primary school students' attitudes towards STEAM, their critical thinking dispositions, and their
decision-making skills were examined in connectionwith their descriptive statistics, structural relationships, and
varying degrees of paths in relation to gender. Pertaining to the first research question, we found that primary
school students' attitudes towards STEAM, their critical thinking dispositions, and their decision-making skills
are at a high lewel. In similar contexts, primary and secondary school students’ attitudes towards STEM were
found to range from ‘good’ to ‘high’ level (Karakus & Bircan, 2022; Nacaroglu and Kizkapan, 2021). The higher
attitudes of students towards STEAM at an early age may enable them to willingly participate inactivities related
to the STEAM discipline in the future. Ersoy and Bager (2012) found that the middle school students’ critical
thinking dispositions were at a low level, and they related this result to the decreased application of student-
centered teaching in secondary school. In line with our findings, Korkmaz and Yesil (2009) found that students'
critical thinking dispositions were at their highest level at the primary school level and decreased through high
school. He attributed these findings to the practices that promote rote learning, the lack of research-inquiry-
oriented activities, and the deprivation of the students of opportunities to use and develop their critical thinking
skills. In contrast to our result pertaining to high-level decision-making skills in primary school, Yurtseven et al.
(2021)and Baysal et al. (2021) found their level to be moderate. In the literature, children’s overestimations of
their abilities and competencies abound. As childrengrowolder, ratings of their competencies and certainabilities
gradually decrease as the accuracy of their self-perceptionincreases (Eccles et al., 1993). The literature and our
results suggest that as students transition to higher levels of education, their mentioned attitude s, tendencies, and
skills likely decrease more. Worldwide demand for cultivating students with these 21st century skills implies the
presence of undesired levels of these constructs at the primary school level in other contexts, and this problem
calls for more research.

Related to the second research question, the results showed that all identified paths were positively associated and
significant. An increase in students' attitudes towards STEAM is associated with higher critical thinking
dispositions and decision-making skills. Moreover, as students' critical thinking dispositions increase, their
decision-making skills also increase. In various experimental studies, STEM applications influenced students'
problem solving and critical thinking skills (Cetin, 2020) and contributed positively to students' attitude s towards
STEM and their critical thinking dispositions (Agisli Celik,2022). According to Roberts (2012), when STEM
educationis properly included in the curriculum, it allows students to think and work creatively, critically, and in
teams. Providing students with positive attitudes towards STEAM froman early age contributes to their critical
thinking dispositions. Based on the similarity of the decision-making process and the engineering design process,
engineering design-based science educationis found to be important in the development of students' decision-
making skills (Denson, 2011; Jonassen, 2011). Therefore, important contributions can be made to decision-
making skills by providing students with positive attitudes towards STEAM starting at an early age and giving
importance to group work in STEAM applications. In addition to its direct effecton decision-making, STEAM
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attitudes have also been found to have an indirect effect through critical thinking disposition (i.e., partial
mediation). In other words, as students' positive attitudes towards STEAM increase, their decision-making skills
also increase, partly due to the increase in their critical thinking disposition. Experimental studies have reported
that teaching based on critical thinking is effective in the decision-making process (Schraagen & van de Ven,
2008; van den Bosch & Helsdingen, 2002; van Dongen et al., 2005).

For the third research question, we sought the moderating role of gender on the specified associations. According
to the multi-group analysis, the findings should be interpreted separately for boys and girls. The direct effect of
STEAM attitudes on critical thinking disposition is significant for girls and boys, and it is higher for girls.
Therefore, incomparison with boys, as female students' positive attitudes towards STEAM increase, their critical
thinking dispositions benefit more thanthose of male students. The majority ofthe studies have reportedthat male
students are more interested in STEM-related careers than female students (Azgin & Senler, 2019; Karakus &
Bircan, 2022; Knezek et al., 2011). Some occupational groups such as engineering, are seenas male occupations
in society (Verveckenetal., 2013). However, our findings provide satisfactory evidence that female students gain
positive attitudes towards STEM and STEM-related professions, and thus, gender inequality might be mitigated.

Surprisingly, the direct effect of attitudes toward STEAM on decision-making skills was significant for girls but
not for boys. In other words, female students' positive attitudes towards STEAM are associated with higher-level
decision-making skills, but this association is not significant for male students. Bacanli and Siiriicii (2006) stated
that male students are more reckless thanfemale students and that male studentstend to avoid taking responsibility
in the decision-making process compared to female students. Also, girls use the independent decision-making
style at a higher level than boys (Tekin & Ulas, 2016). There is a need for qualitative and experimental studies to
explain factors that might explain the moderating role of gender in this finding. According to Weller et al. (2014),
childrenwith poor decision-making skills should be helped to develop their skills since inadequacy in decision-
making skills at an early age might cause behavioral problems such as risky decision-making in the later stages
of life. Young children have difficulty distinguishing between necessary and unnecessary information and
eliminating the inappropriate options that they use in the decision-making process due to paying attention to
irrelevant stimuli (Howse et al., 2003). Since young children may have difficulty making decisions, improving
their attitudes towards STEAM and their critical thinking skills may help them narrow down their options for
making decisions.

The resultsrevealedthat the indirect effect of STEAM attitudes on decision-makingskills through critical thinking
disposition was significant for both girls and boys and was higher for boys. While attitudes towards STEAM do
not have a direct effect on male's decision-making skills, they might channel this effect through critical thinking
disposition. Therefore, to developmale students’ decision-makingskills by having themdevelop attitudes towards
STEAM, their critical thinking dispositions need to be improved together. Effective use of decision-making skills
is directly relatedto critical and creative thinking skills. While creative thinking skills are effective in creating
more than one solution proposal in individuals’ decision-making processes, critical thinking skills are effective in
choosing the right solution from the proposed suggestions for the solution (Baysal, 2009). The direct effect of
critical thinking disposition on decision-making skills was significant for females and males, and it was found to
be higher for males. In other words, as the critical thinking dispositions of male students increase, their decision-
making skills increase more than that of female students. Literature depicts mixed results about the significant
effect of gender on critical thinking skills, including nonsignificant differences (Bagheri & Ghanizadeh, 2016;
Sezeret al., 2022; Yildirim & Sensoy, 2017), significant differences that are mostly in favor of females (Rudd et
al., 2000; Shubina & Kulakli, 2019), and significant differences that are mostly in favor of males (Emir, 2012;
Kartal, 2012). In our study, while the attitudes towards STEAM did not have a direct effect on male students’
decision-making skills, the indirect effect through critical thinking dispositionwas found to be higher. Overall,
there are two implications of these gender-moderated mediations: i) female students’ decision-making skills can
be improved by developing either or both attitudes towards STEAM and critical thinking disposition, and ii) male
students’ decision-making skills can be improved by developing their critical thinking disposition.

Conclusion

There is an international effort to equip students with 21st-century skills. In this study, the mediating role of
critical thinking disposition on the relationship between fourth-grade students’ attitudes towards STEAM and
decision-makingskills was found. Additionally, gender moderatedthese associations. These findings should guide
future actions of policymakers, researchers, and practitioners interms of: i) the importance of developing students’
attitudes towards STEAM and critical thinking dispositions starting from the primary school years; ii) the
insignificant association between attitudes towards STEAM and decision-making skills inboys; and iii) in efforts
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to improve students’ decision-making skills through STEM and STEAM related interventions, the necessity of
placing greater emphasis on improving students’ critical thinking dispositions, specifically in boys.

Limitations and Recommendations

Due to the limitations of this study, including the cross-sectional nature of the data and the possibility of self-
report bias, evidence obtained from randomized-controlled studies testing these associations will contribute to
theory. Specifically, experimental or quasi-experimental designs can be conducted to causally investigate the
degree to which enhancing attitudes toward STEAM through various teaching practices improves students’
decision-making skills both directly and indirectly. In our study, attitudes toward STEAM did not have a direct
association with decision-making skills for male students, and they had a higher indirect association through
critical thinking disposition. Qualitative studies can provide insights into the mechanism of the moderating role
of gender in these associations. Moreover, STEM educationhas a positive effectoncritical thinking and problem-
solving skills (Asisigan & Samur, 2021). Its effect on other 21st century skills such as high-level thinking skills
including creativity, analytical thinking, collaboration and reasoning can be examined. Together with the
aforementioned recommendations, early interventions can help researchersand policymakers take a lower-cost
proactive approach before individuals are near to finalizing their personal characteristics, which are less prone to
change as they age.
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