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Abstract

This research aimed to examine the effects of an integrated STEM project-based with cooperative learning 
(STEM-PjBCL) approach on fifth graders’ five sub-scales of trait dimension in scientific creativity. A quasi-
experimental pre-test and post-test non-equivalent control group design was employed. A total of 360 fifth 
graders from four randomly selected primary schools were chosen as sample and assigned to STEM-
PjBCL (n=120), PjBL (n=120), and Conventional (CV) (n=120) instructional methods. The Figural 
Scientific Creativity Test was used as the pre-test and post-test. Multivariate Analysis of Covariance 
(MANCOVA) was performed on the post-test scores with pre-test scores as the covariates to examine 
whether a significant difference existed across the three methods. The results showed that fifth graders 
taught with the STEM-PjBCL method significantly outperformed their counterparts in the PjBL and CV 
method in Fluency, Originality, Elaboration, Abstractness of title, and Resistance to premature closure. 
However, fifth graders taught in the PjBL method did not significantly outperform their counterparts in 
the CV method in the five sub-scales of scientific creativity. Large effect sizes were obtained for comparing 
STEM-PjBCL with the PjBL and CV method. The results suggest that the STEM-PjBCL method produces 
a significant beneficial effect on promoting the five sub-scales of trait dimension of scientific creativity 
among fifth graders.
Keywords: cooperative learning, project-based learning, scientific creativity, STEM, trait dimension.

Introduction

Creativity is one of the most significant aspects of human capital development as the 
nation’s future depends on creative and innovative citizens. Thus, creativity is emphasized 
in many areas of study including science education. In science education, creativity refers 
to scientific creativity (Mukhopadhyay & Sen, 2013). Sak and Ayas (2013) asserted that it 
involves a process of interaction between general creativity skills, skills related to science, and 
scientific knowledge to produce original ideas or products. According to Mukhopadhyay and 
Sen (2013), it is necessary to develop scientific creativity among students specifically in the 
context of science learning as students are referred to as “future citizens and potentiality of this 
important resource influences the progress of the nation significantly” (Mukhopadhyay & Sen, 
2013, p. 1). 

The recently revised Malaysian Primary School Standard Curriculum has paid much 
attention on fostering children’s creativity (Curriculum Development Centre, 2014). However, 
there is little evidence to demonstrate the research conducted on scientific creativity in primary 
schools. A lack of attention to scientific creativity in the design of effective instruction for 
primary schools can lead to the decline in creativity among young children. There is some 
evidence reported by Kim (2011) that the declining creativity levels appear to have been largest 
in young children. Hence, it is important to investigate specific instruction methods that can 
contribute to the development of scientific creativity in primary school science lessons.
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Constructionism postulates that individuals learn best when they are creating an artefact 
that can be reflected upon and shared with others (Harel & Papert, 1991; Kafai & Resnick, 
1996). Constructionism believes that individuals are most likely to become engaged in learning 
when they find the artifacts are personally meaningful. Thus, emphasis needs to be given to 
the technical product, one of the product dimensions in Scientific Creativity Structure Model 
(SCSM) as developed by Hu and Adey (2002). In this way, students are triggered to exhibit 
their scientific creativity by designing and creating novel and unique science-based prototypes. 
The demand for creative development calls for the need of an appropriate instructional method 
that can guide teachers to foster scientific creativity among children. 

Project-Based Learning and Students’ Creativity

Many researchers (Bell et al., 2010; Shriki, 2013) claimed that the use of project-based 
learning (PjBL) as an instructional method is helpful in enhancing creative thinking. However, 
Storer (2018) argued that the current literature provides little information that specifically 
targets the effects of PjBL on students’ creativity. Several studies have demonstrated how PjBL 
experience in designing and making science-based prototypes helps pre-service teachers to 
foster their creativity (Mayasari et al., 2016; Siew et al., 2015). However, the research which 
specifically investigated the effects of PjBL on students’ scientific creativity at the primary 
school level is lacking. 

Project-based learning (PjBL) is defined as “a teaching method in which students learn 
by actively engaging in real-world and personally meaningful projects” (The Buck Institute for 
Education, 2020, p. 1). Holm (2011) further referred PjBL as a “student-centered instruction 
that occurs over an extended time period, during which students select, plan, investigate and 
produce a product, presentation or performance that answers a real-world question or responds 
to an authentic challenge” (Holm, 2011, p. 1). These definitions imply that PjBL focuses learning 
around real world problems which are authentic, engaging, and challenging. The authentic and 
challenging nature of these problems, according to English et al. (2017), required students 
to draw on STEM disciplinary knowledge as they work to design and construct 3-D models. 
STEM is an approach to interdisciplinary curriculum practices that built around authentic 
problems which include some or all of the disciplines of science, technology, engineering and 
mathematics (Tytler et al., 2015).

According to Stylianidou et al. (2018), STEM activities which are based on experimenting 
and experiential learning are effective ways of developing student creativity. This is supported 
by Henriksen (2014) who claimed that STEM is one of the most important methods to develop 
creativity. This is because the interdisciplinary nature of STEM engages students to apply their 
knowledge from different disciplines such as science, technology, engineering, and mathematics 
to create a new product. Hence, by integrating STEM disciplines to solve real-life problems via 
project-based learning has the potential to develop students’ scientific creativity (Hanif et al., 
2019).

Integrated Approach of STEM with Project-Based Learning and Cooperative Learning 

Researchers (Siew et al., 2015) asserted that PjBL provides a mechanism through 
which pre-service science teachers can develop their creativity when STEM is integrated in 
project-based learning. This mechanism encourages learners to use their ideas and skills to 
consider creative ways of designing and making science-based toys. Mayasari et al. (2016) also 
highlighted that PjBL acts as a catalyst to help pre-service physics teachers think creatively by 
integrating STEM knowledge into making creative products. Thus, utilizing PBL can be an 
effective way to engage learners in STEM learning and offer them opportunities to be creative. 
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Despite the recognized contributions of STEM within project-based learning, the approach 
remains largely underrepresented for the elementary grades. In order to increase college and 
career readiness in STEM, it is important that students experience an integrated project-based 
learning and STEM at the elementary school level. 

Despite the importance of group work as a component of learning and teaching in PjBL, 
Hassanien (2006) claimed that students continue to experience problems in group-related 
works. Students attribute these problems to the lack of individual accountability. Numbered 
Heads Together (NHT) is a cooperative learning model that holds each student accountable to 
learning as a group (Kagan & Kagan, 2009). NHT was proven effective in fostering learners’ 
scientific creativity (Maulana, 2014; Siew & Chin, 2018; Steen, 2013). Thus, the researcher has 
integrated the Numbered Head Together into PjBL and STEM activities to create conducive 
environments for fostering scientific creativity.

This research thus employed an integrated approach where the element of STEM was 
incorporated with PjBL and cooperative learning (CL), namely, the STEM project-based with 
cooperative learning approach (STEM-PjBCL). With this integrated approach, the students 
were prompted to think creatively about the disciplines of STEM in designing and making 
technical products as a group via the PjBL process. Fifth graders who are typically 10-11-year-
olds were found to have high creativity (Smith & Carlsson, 1983) and be able to produce unique 
and unusual ideas (Kim, 2011). Thus, it is hypothesized that the STEM-PjBCL approach may 
help fifth graders to develop scientific creativity through designing and creating science-based 
prototypes.

 Theoretical Model 

The theoretical model of scientific creativity was based on the Scientific Creativity 
Structure Model (SCSM) developed by Hu and Adey (2002). Some changes were made to the 
SCSM to suit the purpose of this research (Figure 1). The revised SCSM was used to guide the 
development of learning module and test items through three dimensions namely Product, Trait 
and Process. Technical product was one of the sub-scales chosen in Product dimensions to be 
measured in this research. According to Hu and Adey (2002), a technical product is a science-
based prototype that is technologically engineered to execute specific tasks and is subject to 
innovation. By emphasizing the technical product sub-scale, the children were triggered to use 
their imagination and thinking in creating several relevant science-based prototypes which are 
expected to be unique, elaborated, and embellished with an abstract title. 
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Figure 1
The revised scientific creativity structure model  

 

 

Research Purpose and Hypotheses

Existing empirical studies have shown that taking a project-based approach to STEM 
learning can help foster creativity in students (Hanif et al., 2019; Siew et al., 2015). However, 
in these research studies, little is reported on the positive effects of this integrated approach on 
the trait dimension of scientific creativity at the elementary school level. Therefore, the overall 
goal of the present research is to determine the extent to which the STEM-PjBCL instructional 
method would foster the trait dimension of fifth graders’ scientific creativity. For the purpose 
of this research, the sub-scales of trait dimension refer to creative abilities of Torrance et al. 
(2008) in producing i) a number of ideas a person expresses through interpretable responses 
that sue the stimulus in a meaningful manner [Fluency (F)]; ii) ideas that are based on the 
statistical infrequency and unusualness of the response [Originality (O)]; iii) ideas that can be 
expanded or enriched that go beyond the minimum required [Elaboration (E)]; iv) the essence 
of the information, enabling the viewer to see the title more deeply and richly [Abstractness of 
Title (A)]; and v) an openness of mind that considers all available information [Resistance to 
Premature Closure (R)] (Torrance et al., 2008, p. 5).

In order to determine if other modes of PjBL were equally effective in producing the 
desired outcomes, the comparisons between two different forms of the PjBL instructional 
method, as well as comparisons with the Conventional PjBL instructional method were 
conducted. Consequently, this research was carried out to determine whether there were any 
significant differences between learners who were taught under three different instructional 
methods in the sub-scales of trait dimension of scientific creativity, namely STEM-PjBCL, 
PjBL and CV method. Accordingly, the following hypotheses were postulated:

1.	 Fifth graders taught via the STEM-PjBCL instructional method will gain a 
significantly higher level than their counterparts taught via the PjBL in the five sub-
scales of trait dimension of scientific creativity of i) Fluency, ii) Originality, iii) 
Elaboration, iv) Abstractness of title, and v) Resistance to premature closure. 

2.	 Fifth graders taught via the STEM-PjBCL instructional method will gain a 
significantly higher level than their counterparts taught via the CV in five sub-scales 
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of trait dimension of scientific creativity of i) Fluency, ii) Originality, iii) Elaboration, 
iv) Abstractness of title, and v) Resistance to premature closure. 

3.	 Fifth graders taught via the PjBL instructional method will gain a significantly higher 
level than their counterparts taught via the CV in five sub-scales of trait dimension of 
scientific creativity of i) Fluency, ii) Originality, iii) Elaboration, iv) Abstractness of 
title, and v) Resistance to premature closure. 

Research Methodology

Research Design

A quasi-experimental pre-test and post-test non-equivalent control group design was 
employed to determine the effects of three different instructional methods on fifth graders’ 
trait dimension of scientific creativity. This research design included assignment, but without 
the critical feature of random assignment of the subjects to either experimental or the control 
condition (Seel, 2012). All existing students in the class were taken as respondents of an intact 
group. Disturbance would arise on the part of schools if students are randomly assigned to 
the control and experimental groups (Campbell & Stanley, 1963). Furthermore, this research 
design is appropriate as it enhances ecological validity (Gill & Johnson, 2002) in which classes 
are available in use as intact groups. However, random assignment was used to determine 
which class would be taught using STEM-PjBCL method (experimental group 1), PjBL method 
(experimental group 2), or Conventional method (control group). The three separate-sample 
pre-test-post-test designs controlled all threats to external validity and therefore permit a valid 
generalization of experimental results to the target population (Seel, 2012). The dependent 
variables were students’ five sub-scales of trait dimension of scientific creativity namely 
Fluency, Originality, Elaboration, Abstractness of Title, and Resistance to Premature Closure.

Research Sample 

The research population comprised of 4,537 fifth graders from 59 primary schools in 
Tawau, Sabah, Malaysia (Tawau District Education Office, 2017). This research was carried 
out in four urban fully government-funded primary schools in Tawau between September and 
November 2018. The four schools were chosen based on the similar mean score gained by 
its fifth graders in scientific creativity pre-test. The selection took place over two weeks in 
September 2018. The four urban schools were chosen to reduce the demographic differences 
(e.g., school grades, ethnicity, socioeconomic status) among the research samples. Each class 
typically consists of 30-35 students. Thus, a total of 360 fifth graders were involved as research 
samples with 120 students selected from each school (Table 1). According to Chua (2012), the 
minimum sample size appropriate for the experimental research is 30.
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Table 1
Distribution of research subjects by school and instructional method

School

Instructional method

STEM-PjBCL PjBCL CV

A 30 30 30

B 30 30 30

C 30 30 30

D 30 30 30

Total 120 120 120

The fifth graders consisted of 193 (54%) girls and 169 (46%) boys aged 16 years. The 
three classes in the chosen schools were randomly assigned to one of the instructional methods 
as intact groups: the STEM-PjBCL method, PjBL method, or the CV method. According to 
Seel (2012), several treatments may provide a better explanation for the observed effects. All 
the instructional methods were followed through by fifth graders over a period of 12 weeks.

Research Instrument

The Figural Scientific Creativity Test (FSCT) developed by researchers (Ambo & Siew, 
2017) was used as a pre-test and post-test to evaluate the trait dimension of fifth graders’ 
scientific creativity. The FSCT contained six items which were constructed based on the revised 
Scientific Creativity Structure Model (Figure 1). The test items were scored using the scoring 
criteria adapted from Torrance et al. (2008). FSCT was a paper-pencil test that measured the 
students’ five sub-scales (fluency, originality, elaboration, abstractness of title, and resistance 
to premature closure) through their creative imagination and thought process in sketching a 
technical product. The FSCT items required responses that were mainly sketching and labelling 
in nature. The students were also required to give a unique name to their sketches.

From the analysis of FSCT‘s measurement properties, it was found that the 
discrimination coefficient for all items ranged from 0.22 to 0.36. The internal consistency in 
the form of Cronbach’s Alpha was 0.77. The item-total correlations ranged from 0.56 to 0.76. 
The correlations between assessors ranged from 0.603 to 0.976. Based on the exploratory factor 
analysis, FSCT have a total of six items on one factor. Therefore, this indicates that the FSCT 
instrument was reliable and valid for measuring fifth graders’ scientific creativity. 

Ten minutes were required to complete each of FSCT items, while 60 minutes were 
required for answering the FSCT. The FSCT was used as a pre-test in experimental groups and 
the control group prior to the start of the intervention and as a post-test after the intervention 
was completed. 

The Instructional Methods

The following sections discuss the differences between the three instructional methods.

STEM-PjBCL 
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The STEM-PjBCL module developed by researchers (Siew & Ambo, 2018) was utilized 
in the STEM-PjBCL instructional method. The STEM-PjBCL module was developed based 
on the integration of the four phases of the Directed Creative Model (Plsek, 1997), Numbered 
Heads Together cooperative learning model (Kagan & Kagan, 2009), engineering design process 
(Massachusetts Department of Elementary and Secondary Education, 2016) and STEM. PjBL 
engages learners in four creative phases: Preparation, Imagination, Development, and Action. 
Students are also engaged in an engineering design process which focuses on solutions by 
sketching and constructing technical products that drive students to encounter the five sub-
scales of trait dimension of scientific creativity. The STEM-PjBCL module was found to have 
a moderate high acceptability of fifth graders, good content validity, and acceptable reliability 
(Siew & Ambo, 2018).

The STEM-PjBCL module was administered within 12 separate weeks, where 60 minutes 
were required to complete each of the 12 activities. Teachers acted as facilitators, supervised 
groups and intervened to offer task assistance when needed. 

Students were assigned to heterogeneous group consisting of four members in each 
group with no bias to different backgrounds (e.g. social variations, gender, and ethnicity). The 
teacher grouped the students in such a way that each group was inclusive of two low and two 
high ability members based on their scores in FSCT pre-test. Each student in the STEM-PjBCL 
group was assigned a certain role as a way to promote individual accountability (Davies, 2009) 
and was identified by a number (one to four).

Ill structured and real-life problems with no fixed solutions (Jonassen, 1997) were given 
to students. An example of a real-world problem that provoked group discussion in the project 
is as below:

Some residents living in squatter areas in Tawau have narrow homes and are less well-lighted. 
How can you help the residents to illuminate the dark space at cheap and eco-friendly costs? Your 
group needs to design and make as many home models as you can for persuading the residents to 
use your idea in building their house in future.

The students put their heads together to come up with the best sketches and technical 
products. The projects were graded based on a clearly defined rubric. The improvement was 
made to the technical products based on the integrated knowledge of science, technology, 
engineering, and mathematics. In this stage, students were engaged to showcase their different, 
unique, elaborated and completed product with an abstract title. 

PjBL 

The fifth graders in the PjBL group were exposed solely to PjBL with ill-structured 
problems as given in STEM-PjBCL group. In solving ill-structured problems, students were 
required to apply their domain knowledge in a meaningful way (White & Frederiksen, 1998). 
They were assigned to group learning with an unstructured group. Fifth graders were given 
the freedom to choose their group members. As a result, the group members formed by the 
fifth graders might have different or similar creative abilities. Several studies reported self-
selected grouping as positively associated with best team experiences, such as high degrees of 
cooperativeness, goal commitment and the feeling of group member's indispensability (Bacon 
et al., 2019; Hilton & Philips, 2010; Russell, 2010).

In addition, the STEM was not explicitly emphasized during the PjBL activities. The 
fifth graders were presumed to have knowledge in designing and creating a technical product 
using prior STEM knowledge. Sketching of prototypes was not carried out in this learning 
group.
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CV 

Fifth graders in the CV group were taught about projects and group work in a conventional 
way. Students carried out projects based on well-structured problems pre-planned by teachers. 
The conventional PjBL was adapted from project approach proposed by Katz (1994) that 
involved three phases. These phases were i) discussion on solutions to a given well-structured 
problem, ii) execution of hands-on activities to construct prototypes, and iii) presentation of 
prototypes.

Students were given freedom to select group members with whom they most preferred 
to work with. However, the project activities and functioning of the groups were not monitored 
by the teachers. The fifth graders designed and created technical products after school hours 
without teacher guidance and team collaboration. As the fifth graders encountered problems 
during the project activities, they approached their teachers for assistance. Hence, fifth graders 
in CV group lacked cooperation as a group as well as missed the opportunity in gaining explicit 
STEM knowledge to solve an ill-structured problem. 

At the end of the intervention in each instructional method, students were asked to 
individually answer the post-test. Their scores were computed and perceived as an indicator of 
change in their five sub-scales of trait dimension in scientific creativity.

Data Analysis

Quantitative data was collected through the pre-test and post-test of the Figural Scientific 
Creativity Test (FSCT). Descriptive statistics were performed for estimating means and standard 
deviations. MANOVA was used to analyze the equivalence of the research groups at pre-tests 
using the scores obtained from pre-test (Pr-F, Pr-O, Pr-E, Pr-A, and Pr-R). In this research, the 
pre-tests served as covariates for the instructional groups, acting to adjust possible pre-existing 
differences between the intervention groups. 

The main effects of the three different instructional methods on students’ post-tests was 
assessed by using a multivariate analysis of covariance (MANCOVA) while controlling the five 
covariates. According to Hair et al., (2010), the extraneous differences among groups can be 
controlled by using MANCOVA after removal of the effects of covariates from the dependent 
variable. If the overall multivariate test (MANCOVA) was significant, the univariate F test 
(ANCOVA) was conducted on post-test mean scores with pre-test mean scores as covariates to 
further assess if there was a significant statistical main effect of instructional groups on each of 
post-tests.

In addition, the effect size index (f) and partial eta square (η2) were calculated. Cohen 
(1988) suggested that the values of f<0.2, 0.2≤ f < 0.5, 0.5≤ f < 0.8, and f ≥ 0.8 represent very 
small, small, medium, and large effect sizes, respectively. Whereas, for interpreting η2, 0.010≤ 
η2 ≤ 0.039 is deemed as a small, 0.039< η2 ≤ 0.11 a medium, and 0.11 < η2 ≤ 0.20 as the large 
effect size.

The SPSS software version 22 was used for descriptive and inferential statistics analyses. 
The level of significance was set at alpha value of .05. 

Research Results 

Based on the preliminary analysis, it was discovered that there was a sufficient 
conformity to all univariate and multivariate assumptions of MANOVA and MANCOVA. 
However, the assumption for the equality of covariance matrices was violated in both pre-test 
(Box’s M = 66.875, F (30, 403848.18) = 2.185, p < .01) and post-test (Box’s M = 341.384, F 
(30, 403848.18) = 11.152, p < .01). According to Gulbahar and Iwasaki (2007), the violation 
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for equality of covariance matrices is common in the analyses of MANOVA and MANCOVA 
and this can be easily addressed by using Pillai’s trace to evaluate for model significance. Thus, 
the multivariate test statistic used the Pillai’s trace to interpret the results of the MANOVA and 
MANCOVA analyses.

Table 2 shows the descriptive statistics for the students’ pre-test and post-test scores on 
their five sub-scales of trait dimension of scientific creativity.

Table 2
Descriptive statistics of trait dimension of scientific creativity

Dependent
Variables

Intervention 
Group n

Pre-test Post-test
M SD M SD

Fluency (F)

STEM-PjBCL 120 6.83 1.71 11.68 2.31
PjBL 120 6.69 1.48 9.12 2.12
CV 120 6.63 1.44 8.71 1.88
Total 360 6.71 1.55 9.84 2.48

Originality (O)

STEM-PjBCL 120 8.74 2.91 16.43 5.57
PjBL 120 8.28 2.51 10.23 2.64
CV 120 8.44 2.17 9.69 2.22
Total 360 8.49 2.55 12.17 4.86

Elaboration (E)

STEM-PjBCL 120 11.14 2.77 19.85 5.72
PjBL 120 10.27 2.42 14.13 3.45
CV 120 10.26 2.29 13.43 3.13
Total 360 10.56 2.53 15.80 5.13

Abstractness of title (A)

STEM-PjBCL 120 7.81 5.18 18.48 8.09
PjBL 120 6.83 4.22 8.94 3.86
CV 120 7.83 3.35 8.77 2.93
Total 360 7.49 4.33 12.06 7.08

Resistance to 
premature closure (R)

STEM-PjBCL 120 7.47 1.82 14.68 4.36
PjBL 120 6.95 1.75 8.48 3.14
CV 120 7.00 1.67 8.14 1.89
Total 360 7.14 1.76 10.43 4.45

Table 3 shows the findings of MANOVA and followed-up ANOVA analysis. The findings 
indicated that no significant statistical differences were found across the three groups in each 
of the pre-tests. 

Table 3
Summary of MANOVA and followed-up ANOVA results on pre-test mean scores

MANOVA effect and 
dependent variables Multivariate F Univariate F

Group Effect
df = 10, 706
Pillai’s Trace
F = 2.103, p = .58

df = 2, 356

Pr-F F = 2.118, p = .114
Pr-O F = .781, p = .961
Pr-E F = 1.149, p = .311
Pr-A F = 1.429, p = .106
Pr-R F = .300, p = .974
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There were significant main effects for instructional methods on dependent variables 
based on the findings from MANCOVA [F(2, 356) = 27.537, p < .05]. Follow-up ANCOVA 
showed that there were significant main effects of instructional methods on Fluency [F(2, 356) 
= 80.149, p < .05, ηp

2 =.310], Originality [F(2, 356) = 129.127, p < .05, ηp
2 = .420], Elaboration 

[F(2, 356) = 73.836, p < .05, ηp
2 =.293,], Abstractness of Title [F(2, 356) = 140.148, p < .05, 

ηp
2 =.441], Resistance to Premature Closure [F(2, 356) = 172.029, p < .05, ηp

2 =.491]. A high 
relationship was found between the instructional method and dependent variables, indicating 
that 31% (Fluency), 42% (Originality), 29.3% (Elaboration), 44.1% (Abstractness of Title) 
and 49.1% (Resistance to Premature Closure) of the variance obtained was accounted by the 
instructional methods.

Table 4 shows the findings from further testing using the Post hoc Pair-wise test. It was 
discovered that students taught with the STEM-PjBCL method outperformed their counterparts 
in the PjBL group (RF <. 05, RO <. 05, RE <. 05, RA <. 05, and RR <. 05, respectively), and 
significantly outperformed their counterparts in the CV group (RF <. 05, RO <. 05, RE <. 05, 
RA <. 05, and RR <. 05, respectively) in Fluency, Originality, Elaboration, Abstractness of title, 
and Resistance to premature closure. However, students in the PjBL method did not show 
significant better performance as compared to their counterparts in the CV group in Originality, 
Elaboration, Abstractness of Title, and Resistance to Premature Closure (RF =.326, RO = .490, 
RE =.531, RA =.919, and RR =.744, respectively). Therefore, the research hypothesis was not 
supported in the comparison between the PjBL and CV methods.

Table 4 also shows a large effect size in the comparison between the STEM-PjBCL 
and PjBL methods in Fluency (1.2), Originality (1.4), Elaboration (1.2), Abstractness of Title 
(1.5), and Resistance to Premature Closure (1.6). Additionally, the findings discovered a large 
effect size for the comparison between STEM-PjBCL and CV in Fluency (1.4), Originality 
(1.6), Elaboration (1.4), Abstractness of title (1.6), and Resistance to Premature Closure (1.9). 
Whereas, a very small to small effect size was obtained for comparing the PjBL and CV methods 
in Fluency (0.2), Originality (0.2), Elaboration (0.2), Abstractness of Title (0.1), and Resistance 
to Premature Closure (0.1).

Table 4
Summary of post hoc pairwise comparison

Comparison Group Mean Difference p Effect
size Interpretation

Fluency

STEM-PjBCL vs PjBL 2.443 <. 05 1.2 Large
STEM-PjBCL vs CV 2.883 <. 05 1.4 Large
PjBL vs CV .389 .326 0.2 Small

Originality
STEM-PjBCL vs PjBL 5.944 <. 05 1.4 Large
STEM-PjBCL vs CV 6.574 <. 05 1.6 Large
PjBL vs CV .629 .490 0.2 Small

Elaboration
STEM-PjBCL vs PjBL 5.226 <. 05 1.2 Large
STEM-PjBCL vs CV 5.936 <. 05 1.4 Large
PjBL vs CV .710 .531 0.2 Small

Abstractness of Title
STEM-PjBCL vs PjBL 9.069 <. 05 1.5 Large
STEM-PjBCL vs CV 9.737 <. 05 1.6 Large
PjBL vs CV .668 .919 0. 1 Very Small

Resistance to Premature Closure
STEM-PjBCL vs PjBL 5.773 <. 05 1.6 Large
STEM-PjBCL vs CV 6.203 <. 05 1.9 Large
PjBL  vs  CV .430 .744 0.1 Very Small

Nyet Moi SIEW, Norjanah AMBO. The scientific creativity of fifth graders in a STEM project-based cooperative learning approach



PROBLEMS
OF EDUCATION
IN THE 21st CENTURY
Vol. 78, No. 4, 2020

637

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online) https://doi.org/10.33225/pec/20.78.627  

Discussion  

Generally, this research findings revealed that fifth graders taught via the STEM-
PjBCL method performed significantly higher than their counterparts taught via the PjBL 
and CV method. However, it was also found that fifth graders taught via the PjBL method 
did not perform significantly higher than their counterparts taught via the CV method in the 
five sub-scales of trait dimension of scientific creativity namely i) Fluency, ii) Originality, iii) 
Elaboration, iv) Abstractness of Title, and v) Resistance to Premature Closure. A large effect 
size of more than 1.0 for comparing the STEM-PjBCL and CV method, and the STEM-PjBCL 
and PjBL method indicates that the STEM-PjBCL method is the most effective of these three 
instructional methods in fostering the five sub-scales of trait dimension among fifth graders. In 
contrast, fifth graders taught via the PjBL method did not outperform those taught via the CV 
method with a small effect size. 

STEM-PjBCL 

As students worked through STEM-PjBCL approach, they were able to experience a 
wide range of creativity and STEM learning. During an ideation, students were encouraged 
and guided to think like a scientist, technologist, mathematician, as well as to think like an 
engineer. They were also engaged to design and sketch a prototype using engineering and 
technology skills and scientific knowledge. In another moment, they did some calculations 
for a cost-effective project using mathematical literacy and suitable materials. Over time, they 
found that STEM-PjBCL activities were interdisciplinary. Most of the time, students learnt to 
tackle real-world problems from multiple angles using STEM and used materials and tools 
in different ways to  create new technical products. Savery (2015) asserted that real-world 
problems are often requiring an interdisciplinary approach comprised of unique skillsets from 
multiple disciplines to develop possible solutions. There was an increased possibility that a 
bigger number of relevant ideas would be generated by the fifth graders through this learning 
process. This is in line with Meacham and Emont (1989) who posit that ill structured problems 
require learners to consider alternative solutions and pursue different procedures for solving the 
problem. In the ill-structured problem-solving processes, students would ultimately become 
more creative thinkers. As a result, this led to an increase in the fluency mean scores in the 
STEM-PjBCL method which exceeded those scores in the PjBL and CV methods.

Similarly, in the STEM-PjBCL method, group members were offered freedom in solving 
real-world problems with no single right answer. Real world problems engage students to 
integrate STEM knowledge from mathematics, science, engineering and technology in order to 
design, create and invent technical products together. In this process, they were engaged in the 
brainstorming and generating of many new ideas while “putting their heads together”. This is 
in fact a safe and supportive environment in developing many original or unique responses, in 
line with Sawyer (2003) who stated that people who are engaged in activities together produce 
a novel outcome. Ramani and Brownell (2014) agreed that children who engage in cooperative 
problem-solving processes during social play with peers are the key to generate more novel 
solutions to a problem. Thus, this explains why the fifth graders students in STEM-PjBCL 
scored significantly higher mean scores in Originality than the students who were taught via 
PjBL and CV method.

The students taught with the STEM-PjBCL method were assigned to heterogeneous 
cooperative learning groups. Students from different backgrounds can cultivate a productive 
interaction among members in a group project (Utaminingtyas et al., 2017). Through productive 
interactions and communication among group members, students were able to produce technical 
products using the scientific, technological, engineering and mathematical knowledge and this 
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social process enhanced their elaboration skills. Students were more capable to scaffold their 
counterparts to refine details, explain, and add more logical details in the existing ideas, which 
in turn helped them to capture more information for their sketches or creations. This effort 
indirectly helped less capable students to foster their elaboration skills. This is in line with 
Vygotsky’s (1986) Social Cognitive Theory who argued that children can progress further in 
their zone of proximal development with the presence of a more competent peer or adult.  

 Meanwhile, the findings of the study also revealed that fifth graders taught with the 
STEM-PjBCL method showed a bigger potential in thinking about more abstract titles for 
their sketches as compared to their counterparts taught with the PjBL and CV methods. While 
designing and making a group technical product, students worked cooperatively in selecting the 
best materials and in sketching their best ideas on the worksheet. During this process, students 
learned to justify their group’s suggestions using their own experiences and represented it 
through the title in the sketch. By engaging in positive peer social learning interactions, students 
discovered different perspectives and ideas related to a topic (Hurst et al., 2013), which could 
have indirectly fostered abstract thinking. Interaction among counterparts also increased their 
ability to capture the essence of the information involved by examining the depth and richness 
of the title proposed for their sketches. This is supported by Miller (2005) who stated that 
students’ interactions with their environment as well as daily routines have a positive effect on 
developing abstract thinking. Thus, students in the STEM-PjBCL group were more adept to 
think of more abstract titles rather than basic titles such as “Floating Seeds”, “Mini Ice Box”, 
“Bird Cage”, and so on, as generated by their PjBL and CV counterparts.

STEM-PjBCL includes a phase for testing products. During this phase, students learn 
how to figure out what’s working, make sense out of what’s failing, and then create a better 
iteration using STEM knowledge. When students are constantly improving and iterating by 
considering more options in response to the presented technical products, they encounter a 
greater increase of Resistance to Premature Closure. Gillies (2003) also agreed that a structured 
cooperative learning environment is conducive for the development of creative individuals 
who are open to diverse experiences and integrating novel ideas into one’s own experience. 
As a result, fifth graders who were exposed to the STEM-PjBCL method had significant better 
performances than their PjBL and CV counterparts in the sub-scales of resistance to premature 
closure. 

PjBL 

However, fifth graders taught in the PjBL method did not have significant better 
performances as compared to their counterparts in the CV method in the five sub-scales of trait 
dimension of scientific creativity. The fifth graders who were taught through the PjBL method 
alone were not explicitly exposed to the STEM and engineering design process. Thus, fifth 
graders are less likely to apply the mathematics and science knowledge that they had learned and 
use engineering as a way to solve a problem in order to design and make some types of technical 
products. According to Bozkurt et al. (2020), students need to acquire scientific, mathematical, 
and technological skills to solve real-life problems by using engineer-like designs. Students 
were also less likely to use technology to compare the cost of items and to calculate the total 
cost. While doing the project, students moderately engaged their Science knowledge about the 
properties of various local materials to ensure that their technical products would last. Students 
also had less opportunities to find out how to measure and approximate the size of the technical 
product, and to calculate whether additional amounts of materials were needed (Mathematics 
and Engineering). Mayasari et al. (2016) stressed that STEM knowledge is necessary to improve 
the creativity of the students, in addition to their skills to solve daily problems related to STEM. 
Ugras (2018) also supports that designed-based STEM activities help students to improve their 
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scientific creativity. Similar findings were reported in the literature (Knezek et al., 2013; Sahin 
et al., 2014; Siew et al., 2015).

In addition, PjBL students were not engaged in Numbered Heads Together cooperative 
learning activities to become individually accountable to their counterparts in group discussion. 
Consequently, high-performing students had fewer opportunities to bring out more perspectives 
in discussion and low-performing counterparts were unlikely to think about several possible ideas 
to the design and making the prototype. When the discussion showed only several perspectives 
that resulted in few different answers, the students tended not to consider alternatives to their 
original thoughts (Siew et al., 2017).  As a result, the students’ involvement in the PjBL group 
was less productive in coming up with more diverse ideas about their sketches, which lead them 
to only state a few basic details without considering other important elements (Elaboration). 

Although students in the PjBL group were encouraged to provide ideas on the abstract 
title, their level of competence was not comparable to those students who were involved in the 
STEM-PjBCL group. When students were not exposed to STEM, they were unable to draw the 
essence of the knowledge from different disciplines of STEM in order to create a rich title. As 
a result, students in the PjBL group were more prone to produce basic titles in their sketches.

In addition, students in the PjBL group were given the freedom to participate in the 
group project, thus, there was a problem of unequal participation as there were no specific roles 
allocated to group members. The passive learners only acted as observers who contributed very 
little to the production of the sketches and technical products. Kagan (1994) argued that when 
a group does not have the same level of participation from everyone, the group discussion 
sessions may only exclusively involve the high-performing students. As a result, fifth graders 
who were taught in the PjBL group are less likely to play an active role in the discussion 
activities and sharing of ideas. Such a learning environment makes students less receptive to 
attempts to integrate novel ideas or other’s ideas into one’s own experience (Resistance to 
Premature Closure).

In conclusion, without the integration of STEM into the project-based learning in the 
structured cooperative learning environment, students were unable to generate as many ideas 
or technical products (fluency) that were unique, detailed, and abstract as their counterparts in 
the STEM-PjBCL group.  

CV

In contrast, the conventional PjBL learning method did not engage students with ill-
structured problems, STEM and Numbered Heads Together cooperative learning. This method 
does not allow for a variety of approaches in producing sketches and technical products and 
holds many students back from demonstrating their strengths to enhance their tract dimensions 
of scientific creativity. Additionally, this method did not explicitly teach children how to use 
their fundamental skills and STEM knowledge to reach innovative solutions for real-life 
problems. Thus, fifth graders in CV only focused on solving well-structured problems without 
involving their counterparts to assess the viability of alternative solutions to the problem. 
This is in line with Jonassen (1997) who agreed that well-structured problems “engage the 
application of a limited number of rules and principles that are organized in a predictive and 
prescriptive arrangement with well-defined, constrained parameters” (Jonassen, 1997, p. 
68). This eventually caused fifth graders to have very little promotive interaction with their 
team members. As viewed by social interdependence theory, promotive interaction between 
learners is important for students to encourage and facilitate the work of others through sharing 
resources, providing help to one another, challenging reasoning and conclusions provided by 
group members, and taking varying points of view into account (Johnson and Johnson, 2009). 
As a result, students in the CV group contributed very few original ideas to help one another, 
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were less fluent in generating and elaborating ideas, less imaginative in producing abstract titles 
and less open to consider more available information. For these reasons, the fifth graders in the 
CV group did not promote as much fluency, originality, elaboration of ideas, abstractness of the 
project title, and had shown less resistance to premature closure as compared to their STEM-
PjBCL counterparts.

Conclusions 

This research proves that the STEM project-based with NHT cooperative learning 
approach (STEM-PjBCL) can enhance fifth graders’ scientific creativity. Conclusively, fifth 
graders taught using the STEM-PjBCL method could benefit from the STEM approach to 
promote their trait dimensions of scientific creativity more effectively, as compared to their 
counterparts who were taught with the PjBL and CV methods. In other words, providing the 
students with unstructured group learning environment using PjBL alone is not enough to 
effectively foster scientific creativity within a primary school classroom. The STEM approach 
that associates the disciplines of science, technology, engineering and mathematics with real 
life problems and well-structured NHT cooperative learning are needed to increase the PjBL’s 
effectiveness. This research shows that the fifth graders’ fluency, originality, elaboration of 
ideas, imagination for novel abstract titles, and resistance to premature closure can be fostered 
through a carefully structured STEM approach in the teaching and learning of primary science 
lessons using PjBL and NHT cooperative learning.

This research provided a fundamental proof that engaging fifth graders using the STEM-
PjBCL method can pave the way for them to show their scientific creativity. Additionally, this 
research also supports new research evaluating the potential effects of an integrated approach 
using different instructional methods in fostering scientific creativity among students of different 
grades.
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