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Abstract. There has been a growing emphasis by educators, academicians, and
policy makers on the importance of foundational scientific literacy and Science,
Technology, Engineering and Mathematics (STEM) skills. Many studies have
shown positive learning outcomes when STEM education was implemented in
the preschool context. The preschoolers have demonstrated the capabilities in per-
forming higher order thinking skills and engineering practices. However, most
preschool teachers lack skills and competencies to plan and facilitate integrated
STEM learning. In order to help these teachers, an integrated STEM with Design
Thinking (iSTEM-DT) module was developed to develop the preschoolers’ sci-
ence process skills and engineering practices. This preliminary study aimed to
evaluate the research procedures, the usability of the iSTEM-DTmodule and iden-
tify modifications needed prior to module implementation. A preschool teacher,
six preschoolers and two parents from a private preschool were selected based
on purposive sampling, and informed consent was obtained from the participants.
This preliminary study was conducted over two different Saturdays, lasting about
5 h each. Classroom observation was carried out, with video recordings, photos
and field notes captured. Interviews with the preschoolers were conducted. Data
collection tools, namely the ECE STEM Classroom Observation Protocol (COP),
guides for interviewwith teachers and parents, were tested. This studymanaged to
identify instructional tasks that are not practical to implement in the classrooms,
and more effective use of the tools to collect rich and useful data. It ascertained
aspects that could be improved to develop the preschoolers’ science process skills
and engineering practices through the iSTEM-DT module.
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1 Introduction

Critical thinking and problem-solving skills are the top two skills emerged consistently
inWorld Economic Forum’s ‘Top 10 Skills’ reports, but the graduates lack these essential
skills needed by the workforce [1, 2]. Insights from OECD [3], World Economic Forum
and McKinsey and Company further show that there is an acute shortage of Science,
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Technology, Engineering and Mathematics (STEM) graduates to meet the demand of
STEM professionals globally, and COVID-19 has forced many to adapt and operate
in a digital environment [4, 5]. Thus, there is an urgent need to prepare our students
for the future jobs and technologies that may yet to exist, solve problems that have yet
been anticipated, and prepare the workforce with twenty-first century skills for fourth
industrial revolution.

With the growing emphasis on STEM education, it has gradually cascaded down
to early childhood education (ECE). According to Katz on STEM education in ECE, a
suitable STEM curriculum is one that motivates preschoolers to master the basic aca-
demic skills in their intellectual pursuits, which include the acquisition of knowledge,
understanding, skills, and dispositions related to STEM [6]. Many studies have shown
positive learning outcomes when STEM education was implemented in the ECE con-
text and few other studies revealed that preschoolers have the capabilities in performing
higher order thinking skills and engineering practices [7–14]. In Forbes et al.’s study
on five to seven years old students using Design Thinking to learn STEM conceptual
knowledge, skills and practices, it was found that the students demonstrated capabili-
ties in problem solving, creativity, collaboration, communication, critical thinking and
reflective thinking [11].

However, studies in STEM education have also shown that educators lack under-
standing in integrating the various disciplines in STEM; they struggled to effectively
facilitate the teaching and learning in the classrooms and some studies have identified
the challenges teachers faced in implementing integrated STEM education [15–23].
A literature review of 25 articles by Margot and Kettler [24] further indicates that even
though teachers were aware of the importance of STEM education, they cited challenges
in curriculumdesign, instructional practice, assessment, and availability of resources and
support system.

Campbell, Speldewinde, Howitt andMacDonald investigated the preschool teachers
STEM practices and found no evident of teachers planning and implementing STEM
education as an integrated approach [9]. They planned the children’s exploration based
on a discipline (either Mathematics or Science) and there was a lack of understanding
to plan the STEM activities across multiple disciplines. Evangelou and her team of
researchers noticed preschool teachers tend to emphasize on linguistic development and
less on engineering practices and call for educators to build on the basic structures in ECE
and enhance it with desirable engineering practices in the preschoolers [25]. Thus, many
researchers and academicians have called for preschool teachers to be equipped with
pedagogical content knowledge in order to foster children’s STEM skills and practices,
and ensure high quality STEM experiences for these young children [8, 26].

In Malaysia ECE context, fostering preschoolers’ science process skills is an impor-
tant aim in preschool education and is listed as part of the National Preschool Cur-
riculum Standards (NPCS) [27]. In addition, converging evidence also indicates that an
early exposure to engineering promotes both the application of mathematics and science
concepts and the science process skills and children can perform better when they have
attempted an engineering design challenge before [28–30]. Nevertheless, there is little
opportunities for the students to experience engineering in the normal classroom [31].
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In fact, many of the engineering education programmes were conducted as an extra cur-
riculum and tend to be based on a ‘competition model’ which ended with more losers
than winners and likely to appeal to boys [28]. Thus, it is imperative to develop an inte-
grated STEM module that could be implemented in the classroom with clear learning
intentions to develop preschoolers’ science process skills and engineering practices.

In order to support the preschool teachers in embracing the pedagogical transforma-
tion in integrated STEM teaching and learning, many researchers opine that having an
exemplar integrated STEM module would be helpful [32, 33].

Considering the above issues on the preschool teachers’ skills and competencies,
and the urgent need to focus on developing the preschoolers’ science process skills
and engineering practices, a study aimed to design and develop an exemplar integrated
STEM with Design Thinking (iSTEM-DT) module to nurture preschoolers’ science
process skills and engineering practiceswas conducted. This is a preliminary studywhich
forms part of the above-mentioned larger study which aimed to evaluate the research
methodology, the usability of the iSTEM-DTmodule and identify modifications needed
prior to module implementation. It is guided by these research questions, namely:

• How is the usability of the iSTEM-DT module for teacher?
• How is the usability of the iSTEM-DT module for preschoolers?
• How are the usability of the data collection tools for the study?

2 iSTEM-DT Module

The instructional designused in iSTEM-DTmodule is grounded in constructivist theories
of Piaget and Vygotsky, SOLO Taxonomy and Design Thinking [34–37]. In designing
the iSTEM-DT module, the constructivist’s theories can be applied together with the
SOLO taxonomy in order to operationalize the instructional design. It consists of five
distinct levels of Pre-structural, Unistructural,Multi-structural, Relational, andExtended
Abstract, allowing teachers to evaluate the success of the classroom instructions [36, 38].

The module is designed based on an interdisciplinary model which uses Design
Thinking as the engineering design process to integrate STEM disciplines to solve
real-world problems. The Design Thinking process, from Empathize, Define, Ideate,
Prototype and Test stages, forms the core structure of the iSTEM-DT module; guiding
the students in the inquiry process [19, 39]. This five stages DT process is deemed age-
appropriate for young children as teachers shared that engineering design processes with
7-step or 10-step are more suitable for high school or middle school students [40].

The preschoolers were given real-life problems to solve using Design Thinking
through hands-on, child-centered, experiential learning. The module aims to develop
six years old preschoolers’ science process skills and engineering practices through the
two exemplar problems to be solved using the Design Thinking process. These two
problems are ‘River Crossing Challenge’ and ‘River Clean-up Challenge’. In this study,
each real-life problem was completed within five hours.



506 T. E. Ho and V. Pang

3 Methodology

This study adopts a case study evaluation design with an intention to capture the com-
plexity of a case and address the contextual conditions fully. Compared to other evalu-
ation methods (i.e., experiments, quasi-experiments), case study evaluation allows the
researchers to include the views and responses from broader stakeholders that interact
with the case [41]. Evaluation is a systematic application of social research procedures
for assessing the conceptualization, design, implementation and utility of programs [42].
Throughout this evaluation process, one can assess the need for the program, the quality
of its instructional design and theory, and the effectiveness of the final product.

This study holds a social constructivists worldview as the researchers believe that
teacher-students and inter-student interactions can influence one another; and they are
complex, dynamic and mutually shaping rather than linear causation of one element on
another. Thus, the researchers attempt to look holistically and in natural setting, for varied
and multiple meaning of integrated STEM education in ECE, embracing the complexity
of views rather than focusing on a narrow meaning of the subject [43].

This is a single case study evaluation design with an exploratory approach in a pri-
vate preschool inKlangValley,Malaysia; involving a preschool teacher, six preschoolers
and two parents, whom were selected based on purposive sampling [41]. It provides an
opportunity to focus on the study of the iSTEM-DT module’s preliminary implementa-
tion and elicit qualitative data from classroomobservations, fieldnotes, students’ artifacts
and interviews from various stakeholders for an understanding of the iSTEM-DT mod-
ule usability in ECE context, the research methodology and the usability of the data
collection tools [41, 44]. Listed below are the four data collection tools being used in
this study and its corresponding purpose(s). These tools were developed by adapting
from past studies except for the ECE STEM Classroom Observation Protocol (COP)
which was adopted entirely from Milford and Tippett [45] (Table 1).

4 Result

In order not to disturb the preschool’s operation and their classes for a long period of
time, the preliminary study was conducted over two different Saturdays, lasting about 5
h for each real-world problem. This arrangement allowed the teacher and the researcher
to work collaboratively on the instructional design using the Stringer’s Action Research
model; implementing the ‘Look, Think, Act’ cycle on the first Saturday and repeat the
cycle on the second Saturday [46]. The participating teacher holds a Diploma in ECE
and a degree in Education (Teaching English as a Second Language). She has been a
preschool teacher for five years and have vast experience teaching hands-on science
activities with young children. Only six preschoolers (all six years old) enrolled in this
preschool teacher’s classroom and parents of these children were able to participate.

To ensure this study is being conducted ethically, as it involved young children,
the informed-consent process was conducted in two rounds prior to the data collection
process. First round of explanation was carried out with the adults (the teacher and six
parents) followed by another round of meeting involving the children and their parents.
During the first meeting, parents were informed of their right to decline their child’s
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Table 1. Data Collection Tool and Its Purpose

Data Collection Tool Purpose(s)

ECE STEM Classroom Observation Protocol
(COP)

To assess on
1. Students’ science process skills and
engineering practices,
2. Teachers STEM practices in the classroom,
and
3. Usability of the iSTEM-DT module through
classroom observation.

Guide for Interview with Teachers To assess the usability of the iSTEM-DT
module for the teacher and students.
To evaluate the effects of the iSTEM-DT
module on students’ science process skills and
their engineering practices.
To explore teachers’ classroom practices.

Guide for Interview with Preschoolers 1. To assess the usability of the iSTEM-DT
module for the students.
2. To evaluate the effects of the iSTEM-DT
module of students’ science process skills and
their engineering practices.

Guide for Interview with Parents To evaluate the effects of the iSTEM-DT
module on students’ science process skills and
engineering practices.

participation, and they were assured that there would not be any negative outcomes of
their child’s participation; it would be kept confidential and anonymous, i.e., no real
names would be used, and faces on photos and in videos would be blurred. In the second
meeting with the parents and children, the principal researcher explained to the children
in simpler language with photos about the purpose of the research, what would they
be doing, who would be doing it together with them, how long it will take and how
we would be collecting the data. The children were told that during the process, they
can stop if they want to or when they feel that they are not comfortable when photos
or videos are being taken or they are being interviewed. This additional meeting of
explaining to the children was to ensure that they understand that they have a choice in
their participation and not to participate unwillingly due to the power relations between
adults and children [47]. With the parents present in the meeting with their children, it
allowed parents to elaborate and explain further on the discussion points to enhance their
understanding. In addition, examples of photos, videos, artefacts such as sketches and
prototype built were shared so that they are aware that the researchers would be taking
photos and videos during the study, and their artefacts would be taken away after the
classes. Consent was obtained from the teacher, parents (for both their participation and
their child’s participation), as well as from the children (by showing of a thumbs-up sign
at the end of the meeting and the beginning of each session during the study). During
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the study, the principal researcher had consciously look out for children’s visual, verbal
and non-verbal cues for their response to the research participation.

Once the consentwas obtained fromall participants,materials and presentation slides
needed for the training were prepared. A training session was held with the teacher to
introduce the iSTEM-DT module and how it can be implemented in her classroom.
Two Saturdays were identified with a gap of two weeks to allow initial data analysis,
reflection and minor modifications on the instructional design of the second project.
The implementation of the two projects in the iSTEM-DT module lasted about five
hours each. During the module implementation, classroom observation was carried out
using the ECE STEM COP instrument, with video recordings, photos and field notes
captured. Upon completion of the study on the second Saturday, semi-structured, face to
face interviewswere conductedwith the teacher, two parents, and two children. Selection
of the children and parents were done based on purposive sampling. Interview with the
two childrenwas carried out as a focus group as theywere collaborating as a group during
the study, and they shared the artefacts produced. During the interviews, the Guides for
the Interview were referred to.

The interview with the teacher strived to collect data about her experiences of teach-
ing themodule, providing feedback on the content, activities and resources of themodule,
and its effects on the students as well as teachers’ classroom practices. The principal
researcher guided the discussion to ensure the discussion topics were relevant to the
study’s aims. The interview conversations were audio recorded.

In addition, direct classroom observations (using the ECE STEM COP instrument)
were conducted on both Saturdays, and were video recorded to ensure the entire process
of how teacher implements the module was captured. In the ECE STEM COP, there
are indicators within the various dimensions of this instrument to capture evidence of
the characteristics of questions teacher asked, her interactions with students and the
instructions she used. During the classroom observations, fieldnotes were taken for
triangulation and to validate the research findings [44].

This direct classroom observation was also used to evaluate the module usability
for students as it enables the principal researcher to collect first-hand data at the actual
surrounding [48]. Furthermore, it is suitable to apply in preschool setting because these
young children are yet to possess verbal communication skills to express themselves
and sufficient cognitive ability to share their thoughts. It was guided by the ECE STEM
COP to collect evidence on the preschoolers’ engagement during the learning tasks and
their interactions with others.

Two cameras were used to capture the classroom activities, including the interactions
of the teacher and the students or a focus group of students. Having two cameras allowed
the researcher to study events that happen simultaneously in the highly mobile or active
classroom as iSTEM-DT module is mostly hands-on and highly engaging [49, 50]. The
use of video recordings enabled the researcher to identify and analyse preschoolers’ body
language (i.e. gaze, expression, body posture, gesture) and verbal expressions during the
engagement of the activities [50]. It enables the researcher to examine the participants
behaviour and actions rigorously and systematically, reducing the risk of researcher
missing out capturing important evidence during the classroom observation. In addition,
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the video recording allows the researcher to review the recordings multiple time with
different focus [49].

One of the main objectives of a usability evaluation is to inform programme devel-
opment potential usability problems before any large-scale implementation [51]. In the
context of this study, besides evaluating the research methodology, the instructional
design of the iSTEM-DT module was evaluated for its usability among the preschoolers
and the teachers. As this study serves as a part of a larger study, the scope of the usability
of the module limits to the implementation of the module by the teacher and its suitabil-
ity for the preschoolers and not to ascertain to what extent has the module achieved its
intended outcomes.

As this study holds a social constructivists worldview, which aims to offer insights to
the practices of the teachers and preschoolers, it is important to ensure the trustworthiness
of the study by deliberately planning the rigour needed in this case study evaluation. The
criteria to ensure the rigor of this study include credibility, dependability, confirmability
and transferability [52–54]. To ensure credibility of the study, it triangulates the data
by using multiple sources of data using multiple methods; namely data from direct
classroom observation using ECE STEM COP, photos, video records, fieldnotes and
student artefacts from classroom observation, and interview data from three stakeholders
(teacher, students, and parents). To ensure the dependability of this study, the procedure
to ignore the video recordings of the first hour of the study on both Saturdays due to
Hawthrone effect is added during the data collection stage. In addition,multiple viewings
of the video recordings and multiple listening of the audio recordings were carried out.

Qualitative data collected from various sources and methods (i.e. classroom obser-
vations data via ECE STEM COP, video recordings, fieldnotes, students’ artefacts and
interviews data from different stakeholders) was analysed inductively through thematic
analysis process. It was carried out in these four steps, which are (1) familiarizing with
the data, (2) generating codes, (3) reviewing codes and combine into initial themes, and
(4) generating final themes. As the principal researcher was the person collecting and
transcribing the data, she was immersed in the data from the beginning of this study,
which is an excellent way to familiarize with the magnitude of the content [55].

During the data analysis, the trustworthiness of the interpretations is another impor-
tant aspect. The principles that this study adhere to include how the views and findings
are presented, making judgement about typicality, and the researcher’s perspective to the
interpretation. This principal researcher has linked the findings to the data with detailed
description on the participants actions and experiences, so that they are visible and com-
prehensible to the readers. Furthermore, she has strived to collect rich information and
evidence about the contextual settings and provide thick description (descriptive data) for
future engagement in purposeful sampling or future judgements on transferability [53].
This study only involved the six year-old children and not the younger ones because
of their cognitive ability and their ability to communicate and express their thoughts
and ideas, thus enhancing the interpretive validity and transferability of this study [44].
The principal researcher was the participant-observer, defined by Johnson and Chris-
tensen as “the researcher spends extended time with the group as an insider and tells
members they are being studied (p.868)” [44]. As a participant-observer, it allowed the
teacher to implement the iSTEM-DTmodule comfortably, even with the presence of the
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researcher. The teacher was able to focus on her even though she was being observed.
Thus, enhancing the authenticity and trustworthiness of the data collected.

5 Findings and Discussion

Overall, the teacher was able to implement the iSTEM-DT module, with the six
preschoolers successfully built their prototypes to solve the two problems presented.
Below are the changes made on the instructional designs during the implementation.

• Children were supposed to work in a group of three but due to their nature, it was a
challenge for the children to brainstorm and share ideas especially during the Ideate
Stage. The module was then modified to let the children work in pairs instead of
three and it was found to be more effective when it was tested in the second challenge
(River Clean UpChallenge), they were able to communicate more, took turns to share
their ideas and managed to collaborate better in building a workable prototype.

• In the original module, there was no constrain on the cost and during the study on
the River Crossing Challenge. Almost all the materials prepared at the material store
was used up. Therefore, in the second challenge (River Clean Up Challenge), cost
constrain was added. Each group was given twenty RM1 notes to ‘buy’ the materials
needed from the material store. This has caused the children to evaluate the function
of each item in their design - do they really need it and for what purpose. They even
need to justify or reason with their partner the need of this item in their design.

• During the Prototype Stage in the first challenge, children were allowed to test their
prototype with water, which made them tend to build and test via trial and error,
without going back to think critically where went wrong, what should be modified
and why, and sketch again their improved design. Thus, in the second challenge, the
storage containers (representing the river) were not filled with water. They can see
the river model but they can only test their prototype in the water during the Testing
Stage.

• River Crossing criteria were too difficult, the three bottles filled with water repre-
senting three persons were too heavy. Thus, the amount of water in the bottles were
reduced to half.

• One of the rubbish used in the River Clean Up Challenge was a baby diaper. It
absorbed so much water and became too huge and heavy to be scooped out. Thus,
this item was removed from the list of rubbish.

In evaluating the research methodology and the instruments involved in the study,
below are the findings.

• ECE STEM COP: This instrument was found to be effective in detecting the teacher
and students’ classroom practices. However, it was quite impossible to identify and
label the observation according to the aspects and dimensions listed in the instrument
during the lesson. Analysis of the video recordings for identifying the elements in
the instrument had to be carried out after the lesson. The video recordings revealed
that the teacher lacks the ability to ask good questions, resulting not achieving the
learning outcomes intended. The questions tend to be too open ended, i.e. “Why is
it so?” The teacher also loved to compliment the children’s work, i.e. “Well done!”
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but she did not observe carefully to ask questions to elicit deeper thinking among the
children. It may be needed to print out the modules and let the teacher highlight those
questions listed on the lesson plan so that she would ask these questions to scaffold
the children’s learning during the activities. Another challenge noticed in regard to
using the video recording to extract evidence of teacher and children’s interactions
and practices was that quality of audio in the video recording. Thus, the technical
aspect of the video recording would be looked into or improved.

• Guide to Interview the Teacher and Parents: This data collection tool was found to
be sufficient to elicit information about the usability of the module as well as to
collect additional information about the observation of the teacher and parents on
the children’s science process skills and engineering practices. Teacher was able to
reflect and share about the challenges she faced in implementing the lessons in the
module, allowing the researcher to work collaboratively with the teacher in evaluating
the instructional designs and improving them.

• Interviewing of Preschoolers: During the first project in the study, it was found that
the children were either too engrossed in the activities or the teacher was too focus
in getting the children to execute the tasks, resulting less opportunity for the teacher
or the researcher to ask questions to the children to assess their science process skills
and engineering practices. Thus, in the second project, interviews were conducted
by the researcher after the lessons on two children as a focus group. The interview
questions were guided by the lesson’s intended learning outcomes (which focus on
science process skills and engineering practices) and questions listed in the lesson
plan as part of the instructional designs. By interviewing the preschoolers after the
lessons, this additional information can be used as additional evidence to the research
as well as be used for triangulation purpose.

However, it was found that it was very challenging to get good response from the
preschoolers. Their reply to the open-endedquestions tends to be short, usually oneor two
words. According to Ponizovsky-Bergelson, Dayan, Wahle & Roer-Strier, when asking
open-ended questions to young children, the interviewers must use facial expressions
to encourage the response from them [56]. In addition, interviewers are encouraged
to ask more “request” type of question, such as “Please tell teacher about your sketch
or prototype here.” Upon reflection, the principal researcher feels the lack of skills
in conducting interviews with preschoolers because during the interviews, not much
encouragement was given to the children, and often, a few questions were asked at
one time (hoping that they may be able to response to at least one of them.), in which
Ponizovsky-Bergelson et al. ask researchers to avoid doing [56].

6 Conclusion

This study revealed that the researchmethodology for the implementation of iSTEM-DT
module, the research methodology and its data collection tools require some fine-tuning.
As the module involves two different projects and being conducted on two different
Saturdays, it allowed the principal researcher and the teacher to reflect on the first
implementation and take necessary actions for the subsequent project. This is aligned
with the Stringer’s action research cycle and the collaborative nature in the systematic
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inquiry in action research in education [46, 57, 58]. The implementation was refined
by considering the point of view of the preschoolers. Instruction tasks were modified
to make sure they are age appropriate for the preschoolers. It identified instructional
tasks that are not practical to implement in the classrooms, and the use of the tools to
collect rich and useful data. It ascertained aspects that could be improved to develop the
preschoolers’ science process skills and engineering practices through this iSTEM-DT
module.
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