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Abstract: This study examines how science teachers experience integrating science, technology,
engineering, and mathematics (STEM) approaches into their teaching. In addition, it further exam-
ines the encountered challenges in this regard to shed light on STEM current practices within the
context of United Arab Emirates (UAE). This study consists of two stages; the first involved collecting
qualitative data using semi-structured interviews to explore three science teachers’ perceptions and
lived experiences having infused STEM into their regular teaching in cycle 2 for more than two years.
Quantitative data were collected and analyzed in the second phase via the developed closed-ended
questionnaire to examine teachers’ perceptions across a larger sample regarding “challenges en-
countered by teachers when implementing STEM teaching”. Research findings showed that science
teachers generally have a positive attitude towards using STEM-based activities. In addition, data
revealed that participants implement integrated STEM into their teaching frequently and regularly.
Results also indicated teachers encounter challenges while implementing STEM: documentation,
the vast curriculum content, and lack of time. Moreover, external challenges (i.e., the lack of sup-
portive guidelines) rather than teachers’ competency (i.e., having sufficient knowledge and skills for
implementing STEM teaching) appeared to have the highest impending impact. Finally, we discuss
findings and presented implications for teachers, educators, and policymakers.
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1. Introduction

Science, Technology, Engineering, and Mathematics (STEM) education focuses on
the production of STEM-literate graduates with the necessary skills for excelling in the
technologically oriented future workforce [1]. Although STEM has received global attention
and calls; research on science educators has revealed several concerns about the science
education current situation, such as that (1) many students find little of interest or even
dislike science; (2) science is taught as the transmission of facts of little relevance, and
is too complex; (3) school experience leads to loss of interest in science and technology
as career possibilities [2]. Moreover, the international assessment results revealed how
students in UAE scored below the average score in science assessment of both Trends in
International Mathematics and Science Study (TIMSS) and Programmed for International
Student Assessment (PISA) [3].

Those findings can be related to the concerns raised earlier in the research on science
educators and how science is being taught and learned. In contrast, Herro et al. [4] argued
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that the purpose of science programs in schools is to develop scientifically literate citizens.
In particular, science, mathematics, and technology are interdependent human enterprises
with strengths and limitations. To be scientifically literate means to understands critical
concepts and principles of science, be familiar with the natural world and recognize both
its diversity and unity, and to be able to use scientific knowledge and scientific ways of
thinking for individual and social purposes [5]. However, Johnson [6] reported that the
integration of STEM implementation faces several challenges: (1) STEM integration requires
restructuring of interdisciplinary curriculum and lessons; (2) integrated STEM education
often requires numerous materials and resources for students, such as construction tools;
(3) creating a school culture and environment that supports an integrated STEM approach
to teaching and learning can be costly and time-consuming; (4) effective STEM education
relies on qualified teachers who can teach and implement the interdisciplinary approach [5].

Today, STEM integration is a widespread teaching approach. It has an essential role
in providing students with a vital education in science and other subjects [2,3,6]. For this
purpose, the UAE education system is moving toward STEM education in its education
reforms plans, aiming to develop an innovative education system for knowledge and
a globally competitive society by coping with the global market demands [7]. Various
innovation conferences and festivals have been held to highlight the finest approaches in
attaining the STEM integration objective [8].

However, this is still in an early phase, involving decision-making concerning how
science teachers will help their students understand science and develop competencies
associated with science practice by integrating STEM in science education [9]. Accordingly,
this study will clarify teachers’ perceptions about the integration of STEM in science educa-
tion to shed light on the current practices in STEM integration in the science classroom [10].
Teachers’ thoughts and ideas will give the complete picture related to the nature of STEM
integration and all the factors impacting the implementation process. Moreover, those
views will enlighten the decision-makers, curriculum developers, teachers [11], and all
the stakeholders about the strengths and limitations of the integration process to facilitate
improvements [12]. Consequently, this study explores science teachers” experiences, beliefs,
and thoughts regarding integrating STEM education in a science classroom [13].

1.1. Purpose of the Study

The purpose of the current study was to understand the lived perceptions and ex-
periences of science teachers who have adopted integrated STEM into their teachings
through exploring their current self-reported practices and beliefs in this regard [1]. STEM
education has received significant attention over the last few years. The current policy and
educational vision in the UAE advocate developing and implementing STEM education at
all government and public schools. However, little is known about the current status quo
of STEM implementation. It is essential to provide insights on the current practices and
challenges based on teachers’ perceptions within the local context of UAE [14]. This study
attempts to examine whether STEM is effectively infused into science classes, in line with
the school curriculum, the adapted science education standards, and the educational vision
of UAE country [15].

1.2. Research Questions

The central question the study has addressed is as follows:

What attitudes and experiences do science teachers have towards implementing an
integrated STEM approach in UAE schools?

We looked at the following sub-questions:

(A) What current practices or methods do science teachers use for implementing STEM
into their teaching?

(B) To what extent does the school support the implementation of STEM in terms of
resources and training?
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(C) What concerns or challenges do science teachers encounter when implementing STEM
into their teaching?

2. Literature Review

This part presents an overview of STEM integration in education based primarily on
the finding of previous literature. In particular, this section reveals evidence related to the
definition of STEM [16,17], the nature of the integration process, and students” interests
and future career readiness. Moreover, the review focuses on the challenges that prevent
effective STEM integration and studies conducted in the UAE context [18].

2.1. STEM Definition

Science, technology, engineering, and mathematics or STEM abbreviation was intro-
duced at National Science Foundation (NSF) in 2001 [19], by the assistant director of the
Education and Human Resources Directorate [20]. At that time, she described STEM as an
educational inquiry process where the learning process was modeled by students solving a
real-world problem. In contrast, Joyner [21] defined STEM as a meta-discipline integrating
the four disciplines.

Another definition considered STEM integration as a widespread teaching approach.
It has an essential role in providing students with a vital education in science and other
subjects [22]. Jolly [23] looked at STEM from a different angle as innovation pursuits.
Alternatively, Johnson [6] reported that STEM integration refers to students participating
in the engineering design process to develop technologies that require meaningful learning
through integration and application of mathematics and science. On the other hand,
refs. [17,24] asserted no consensus regarding the definition of STEM in terms of nature,
degree of integration, and connections between the different STEM disciplines. At the
same time, other researchers [4,20,25,26] focused on the importance of applying equal
attention to two or more STEM disciplines and explicitly assimilating concepts from various
STEM disciplines.

2.2. Nature of STEM Integration

There were several views regarding integrating STEM education in science education
in the previous studies. Some focused on bringing together all STEM disciplines through
explicit content area connections or interdisciplinary content, providing more relevant,
less fragmented, and more stimulating experiences for learners [27-30]. Other researchers
emphasized that STEM integration must shift toward student-centered teaching that relies
on authentic, real-world problems that promote active learning [31,32].

Many studies focused mainly on incorporating specific instructional strategies for
integrating STEM with inquiry-based learning, problem-based learning, or design-based
learning [33-36]. On the other hand, the opponents of the integration process have rebelling
vision related to adopting such an approach that requires the restructuring of many ele-
ments, ranging from the training of STEM teachers to changing the structure of education
programs from the revision of measurement-evaluation methods. In particular, the time
cost of making such significant changes stands as a barrier in front of this reform [37].

Moreover, education researchers indicate that teachers struggle to connect the STEM
disciplines [38]. We are in support of with implementing STEM integration through student-
centered teaching. That will promote more engagement and active learning strategies by
focusing on an authentic real-life problem, enabling students to connect knowledge from
the four disciplines with the permanency of acquired knowledge [39].

2.3. Interest and Career

Several research studies discussed that STEM integration impacts students’ interest
and engagement in science learning and toward STEM careers [40-43]. Xie et al. [44] cite
that STEM education focuses on the production of STEM-literate graduates with the nec-
essary skills for excelling in the technologically oriented future workforce. Kant et al. [45]
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believed that integrated STEM education could be a platform for developing essential per-
sonal and professional competencies, including research inquiry, problem-solving, critical
and creative thinking, entrepreneurship, collaboration, teamwork, and communication.
Herro and Quigley [46], in their study, found that STEM programs in the USA have three
primary and inclusive goals for STEM education: (a) increase the number of STEM innova-
tors and professionals, (b) strengthen the STEM-related workforce, and (c) improve STEM
literacy in all citizens. Dori et al. [47] presented a contradictory argument about a STEM
workforce shortage in the United States. He argued that science and engineering workers
had increased at a steady rate of 2.7%, sufficient to increase job growth. However, he postu-
lated concern centered on the United States” decreasing global dominance in science and
engineering, national security, research, and development logjams in research universities,
and changing demographics.

On the other hand, references [48-50] reported that learning science and mathemat-
ics through an integrated engineering design process enhances knowledge and critical
thinking skills and promotes interest in science and engineering careers. Moreover, other
studies assert that integrated STEM education leads to increased interest in STEM field
careers and is essential for student success as they progress into the future [48]. STEM
courses and programs can increase students’ competencies for STEM-related occupations
and understanding of scientific and engineering work [51]. Improved STEM education may
necessitate a change in the structure of higher-education institutions by restructuring curric-
ula to produce graduates who are versatile, adaptable, and highly employable, specifically,
graduates in engineering, health sciences, computer sciences, and natural sciences [52].

2.4. Challenges of STEM Integration

Haesen and Van de Put [53], in his study, reported teachers’ barriers that prevent the
successful implementation of STEM integration in a science classroom: (1) classes become
crowded and are hardly managed; (2) science content is too significant to adopt the STEM
approach as it is time-costly, and (3) teachers lack the needed knowledge to teach using
the STEM approach. On the same track was [21], who discussed several challenges that
highly hinder the implementation process: (1) STEM integration requires restructuring of
interdisciplinary curriculum and lessons; (2) integrated STEM education often requires
numerous materials and resources for students, such as construction tools; (3) creating a
school culture and environment that supports an integrated STEM approach to teaching
and learning can be costly and time-consuming; (4) effective STEM education relies on
qualified teachers who can teach and implement the interdisciplinary approach.

3. Materials and Methods

The current study employed an exploratory sequential mixed-method design. The
design consists of an explorative qualitative strand and a second quantitative strand. The
selected approach is appropriate as it best fits the intended purpose, which requires in-
depth exploration of the examined issue from a few individuals who have experienced
it and then generalization of the initial qualitative findings [24]. Moreover, the design
is needed as it allows identifying variables from participants” accounts, developing an
instrument on its basis, and then testing the initially obtained data to see whether they
apply to other groups. Neither quantitative nor qualitative methods alone are sufficient
to capture the essence and details of the current examined issue. Accordingly, using
both quantitative and qualitative data enhances the validity of findings as it offsets the
weaknesses of qualitative data with more empirical-based quantitative data [53].

The methodology consisted of two separate phases; the first involved collecting and
analyzing qualitative data (via interviews) to explore teachers’ perceptions and views
of the examined phenomena “STEM implementation in schools”. From the emerging
themes, “challenges encountered by teachers when implementing STEM teaching” were
identified and used to develop a survey instrument. Subsequently, and in the second
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phase, quantitative data were collected and analyzed to assess trends of individuals across
a larger sample [33].

A range of data were collected using two main techniques: interviews and question-
naires with teachers to answer research questions. By incorporating and comparing teachers’
inputs obtained from the qualitative results with that of statistical findings, it is believed that
the overall findings will provide a more well-rounded and comprehensive understanding
of the examined issue than would be obtained by either type of data separately [3].

Accordingly, the interface point for mixing data occurred after the first-phase analysis
was completed. Specific qualitative results that called for further examination were identi-
fied and then used to construct a survey instrument for the second subsequent quantitative
data collection. This step connected the first strand with the subsequent second one. Finally,
both outcomes were combined during the final discussion [16].

3.1. Local Context

The educational system in UAE comprises three levels: cycle 1 (grades 1-4), cycle
2 (grades 5-8), and cycle 3 (grades 9-12). All students study a compulsory general science
subject until grade eight. After then, students choose between an integrated path or an
advanced path. The international assessment results of TIMSS and PISA revealed that
students in UAE perform below the average score in science assessment of both TIMSS and
PISA. More specifically, those findings can be related to the concerns raised earlier in the re-
search on science educators and on how science is being taught and learned. Consequently,
UAE has introduced STEM in science education to all cycle two students to fill the gap
in the students’ education as an intervention plan to improve the students’ performance.
Some schools were chosen to implement STEM education to cycle two students [4,7,33].

Arab countries such as Egypt [2] and the United Arab Emirates [54] have prioritized
integrated STEM/STEAM (Science, Technology, Engineering, Art, and Mathematics) edu-
cation as part of ongoing curriculum reform in line with national goals and governments’
visions for advancing twenty-first-century capabilities. In Egypt, schools are urged to
promote STEM/STEAM education by obtaining certification and accreditation [2]. The
Ministry of Education of the United Arab Emirates, the Department of Education of Abu
Dhabi, and the Mohammad Bin Rashid School of Government in Dubai have all empha-
sized STEM/STEAM education through various programs, such as the Advanced Science
Agenda, Think Science, and National Agenda, and the UAE vision is to be one of the top
twenty high-performing nations in PISA and of the top 15 high-performing nations in PISA.

3.2. Qualitative Phase

The first qualitative strand explored the phenomena (the implementation of the inte-
grated STEM approach into science teaching) from the perspective of the science teachers
involved in the experience. This approach helps to identify the essence of human experi-
ences as described by participants [37]. Therefore, the chosen framework was most suited
to capture the essence of involved teachers through their perceptions.

3.3. Sample and Sampling Procedure

Participants who met the purposeful sampling criteria were chosen from one school to
secure valuable required data. Access to participants was easily obtained via one teacher
who already worked in the school (gatekeeper) [53]. A sample size between three and
ten participants is recommended for a phenomenological study. Therefore, in the current
study, the convenient sample involved 3 participants (females), all of whom embodied the
characteristics specified by the research and agreed to participate in the study. These were
science teachers who were teaching cycle 2 science classes during the 2018-2019 school
year. The following criteria applied:

e  All are science teachers holding a scientific degree in science education.
e  All are teaching science subjects during the 2017-2018 school year in the selected school.
e  All have background experience regarding the integrated STEM approach.
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e  Allare implementing an integrated STEM approach via the science curriculum during
the 2018-2019 school year.

The participant teachers held at least one Bachelor’s degree and had teaching expe-
rience ranging from 12 to 14 years. This was to ensure that the participants had received
relevant training offered during the first week of every semester. The training aimed to
support their implementation of STEM in their classes. In addition, it guided how to infuse
particular scientific concepts with STEM activities and projects. In addition, online material
was offered that was designed for this purpose [23].

3.4. Ethical Considerations

The research was conducted according to ethical guidelines set forth by the U.S.
Department of Health and Human Services (HHS) Regulatory and National Institute of
Health (NIH). On this basis, an interview protocol was developed to encourage participants
to reflect on their experiences openly. Accordingly, the researcher clearly explained the
study’s purpose, significance, and associated procedures and implications before beginning
the interview. The interviewees were asked to give their agreement to record the interview
verbally at the beginning of the interview. In addition, participants were guaranteed that
their identities would be kept private since pseudonyms were employed to safeguard their
anonymity (none of their real names are disclosed in the final research).

3.5. Instrumentation

The instrument implemented in this research was a semi-structured interview. The
semi-structured interview questions were firstly piloted with three teachers to ensure their
clarity. Then, an interview guide was created and piloted with doctoral colleagues, whose
feedback was used to clarify the ambiguity of some questions. Actually, due to limited
time, the instrument was not piloted again. The instrument was written in English to
accommodate the participants” native tongue. Each participant interview lasted about
15 min after taking the participant’s permission to record the interview.

Using an interview guide (Appendices A and B), the research questions were answered
by conducting in-depth semi-structured interviews with participants. The rationale behind
using interviews is that it allows to capture more fully the essence of thoughts concerning
the teacher’s experiences regarding the examined phenomenon [55].

The interview consisted of three sections, each with sub-questions to address one
of the research questions. Open-ended questions were designed under each section to
stimulate detailed responses from teacher participants. These questions were derived from
the primary research questions. In this regard, the first section explored teachers’ attitudes
and experiences toward STEM implementation in terms of current practices. Then, in
the second section, respondents were asked to reflect on the availability of resources and
support to back up their implementation attempts. The interview’s last half focused on the
obstacles and issues that instructors had while introducing STEM.

3.6. Data Analysis

Analysis procedures started with transcribing the interviews from the audio record-
ings into a script format within a word document. This process was done twice to check
for accuracy. Then, the transcribed scripts were analyzed using a coding system. For the
coding process, the used method identified and labeled meaning segments that emerged
by highlighting codes for concepts, activities, opinions, feelings, and other relevant infor-
mation. We attempted to remain objective throughout the process, paying equal attention
to each segment of the transcripts, putting aside our judgments about the importance of
each perspective or contribution, and ensuring that no material was ignored, discounted,
or excluded. Next, and after identifying the codes, we started to sort different pieces of text
under the relevant codes. Finally, cross-case analysis was done by comparing descriptions
across the cases, which allows to identify patterns across each of the participant’s data and
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highlight commonalities or points shared among participants. The contrasted issues, which
reflect different, divergent, or opposing opinions, were also identified.

This was followed by the identification of topics and the development of literary de-
scriptions. After reviewing all of the codes generated in the previous stage and determining
which codes were required, this was accomplished. As a result, several codes were elimi-
nated (i.e., statements that were not representative of the phenomenon, did no align with
the research questions, or were not considered fundamental to the examined experience).

Then, relevant codes were combined and then placed into one group. Each group
was labeled, and then we decided which of them was more important than the other;
thus, they were ranked by relevance and importance. These are later presented in the
discussion section. By the end of this step, we had five major categories, which were then
reduced into three: nature of the implementation, availability of resources and support,
and encountered challenges. This taxonomy helped to reduce the text to a manageable size.
Connections were made between and among these categories. Moreover, in comparison to
the previously given literature, various assertions were provided for the emerging themes
and replies.

3.7. Validity and Reliability

To ensure the study’s validity, the following validation procedures were used: clarify-
ing researcher bias and member checking [6].

Clarifying researcher bias (Epoch), which is known as the act of “bracketing”, is
achieved when the position of the researchers is described while explaining any biases,
prejudices, or pre-assumptions that may impact the research. The researcher’s own ex-
periences and opinions were revealed, with the participants, so they were aware of any
influence that directed their responses. In addition, and to ensure the authentic engagement
in the process, during interviews and while transcribing them, the researcher wrote down
his preconceived ideas and expectations of the phenomenon, then set those ideas aside to
release any bias as much as possible. For member checking, each transcript of interviews
was examined twice by different researchers to identify similarities and differences and en-
sure that all viewpoints were illustrated as the participant intended with as much accuracy
as possible [10].

In addition, care must be taken when transferring the results from a phenomenological
study because there is a chance that information may be misinterpreted or misunderstood.
Due to that, the findings’ trustworthiness was improved by ensuring conformability. Con-
firmation of data is a central validation strategy for the descriptive phenomenological
approach [6]. This was achieved by sharing interpretations and conclusions with partici-
pants for their review. In this respect, the participants were given a chance to re-read the
interpretation to judge the account’s accuracy and validity [56].

4. Results

Participants had a range of teaching experience, from a minimum of 12 years to a
maximum of 14 years of teaching. All participants were science teachers. Teacher A is a
science teacher for grades 8 and 9 and has two Bachelor’s degrees, one in middle-grade
science and the other in psychology, with a licensed degree in STEM. Teacher B teaches
grade 7 and has two academic degrees, bachelor’s degree in Chemistry and postgraduate
academic degrees in secondary science education. Teacher C holds a Bachelor’s degree in
physics and teaches science to grades 6 and 8.

Overall, three themes have emerged from the data analysis: (1) nature of implementa-
tion, (2) availability of resources and support, and (3) encountered challenges. Findings
obtained under each of these categories are presented and discussed below.

4.1. Nature of Implementation

When discussing teachers’ experiences regarding implementing the integrated STEM
approach into their teaching, there was obvious consensus among participants that they
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regularly implement activities that incorporate STEM into science teaching. Teacher B’s
statement exemplifies this: “it’s a regular part of my teaching”. The same expression
was also echoed by teacher A: “we are required to do it every day”. This was followed
by a remark from teacher C, who expressed worry that the implementation of STEM is
becoming more of an obligation because there are expectations established to shape the
school in this respect: “The expectation needs us to prove that we are doing it”, she stated.
Although teachers agreed that they implement STEM activities regularly, all participants
attracted attention to making students aware of what they are doing while performing
these activities and for what purpose. This is congruent with the work of [7], who stressed
that teachers connect STEM disciplines. In this regard, teacher B stated, “I believe it’s useful
to tell students that we are incorporating these aspects together when doing so, so they can
see how these subjects come together”. The same teacher had also indicated that she used
to do STEM activities even before teachers required it officially. However, she made the case
that now, it is necessary to tell students that these are STEM activities explicitly. Likewise,
participants A and C mentioned the same point, suggestion that while emphasizing other
dimensions, it is necessary to write this clarification clearly on the board. Hence, students
know what particular STEM aspect was implemented during that specific day. On the other
hand, a question arose as to whether clarifying the act of performing the STEM activity in
an explicit language was weird for some participants. In this respect, teacher A reflected
her belief that the act of integration is supposed to be understood without the need to write
it down or to say it to students: “now orally, and during the lesson, we are required to
point out that we are doing this as part of math subject and that as part of art subject, and
so on, I mean, this should be something that is understood”.

In addition, responses indicated that the school had allocated particular time and
events for performing STEM activities. For instance, they have an innovation week every
semester. Based on teachers’ perceptions, the nature of the implemented practices con-
cerning STEM involves many features. The most prominent feature is its practical nature.
Teacher A illustrated this notion by saying “it’s very hands-on”. In addition, participants
noted that STEM activities help students develop new skills that they did not have before,
like design skills. In addition, all participants stressed the importance of dimensions con-
cerned with engineering, which is not an easy task. Education researchers indicate that
teachers struggle to connect the STEM disciplines [29]. Teacher A stated, “engineering
must be there, we should not miss that part, all other pieces naturally come together in
a science subject, but engineering is something else, it is where we create a product of
science”. One last feature highlighted was clarifying the “value” of performing STEM
activities to students. According to the participant, it is essential to stress the importance of
these activities, the “why they should be doing it” element beside the “what they should
be doing”.

While participants shared many features that characterize STEM activities, they also
described how these are useful to students learning. For instance, teachers drew attention
to building the student’s character and good virtues in her personality and attitudes. The
example one teacher used to illustrate this point concerned how the actions involved in
STEM activities are similar to some extent to those we have to do in real life:

“You know, it’s more real life, in real life and when we try something for the first
time, we don’t make it perfect, or it’s not usually the best time, so at this point, we might
decide to give up, or we may decide to continue and try once again, the same is when we
experiment, design or build things”.

Aziz [2] and Campbell [35] agreed with this response, contending that integration must
shift toward student-centered teaching that relies on authentic, real-world problems that
promote active learning. Moreover, regarding the types of STEM activities usually practiced
in the school, one teacher provided three examples; the first one was the marshmallow
challenge. Students need to draw an initial design and then build a structure using the
provided materials (like a tower). After they finish, they make some measurements (like the
height of their tower). The teacher expressed that this activity enables students to develop
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more advanced and effective strategies to create and build their designs [29]. This point
was expressed in her statement: “after students build their design for the first time, they
are then given a chance to build it again for the second time, and in the second time they
usually build it much better than the first one because they know what they have to do
and how”.

In addition, the teacher pointed to another important practice involved in the activity:
viewing and evaluating other students” work. In this respect, after all, students are done
with their structures; they move around to see other towers. While doing so, they gain
new insights into their work, give and receive feedback, and recognize other possibilities
of performing the same task but in different ways [55].

The second reported example of a STEM activity was the egg drop. In this activity,
students are asked to think of a way that protects their eggs from breaking when dropped
from somewhere high. Such exercises, according to her, encourage kids to think outside
the box and utilize their imagination and creativity to come up with fresh ways to achieve
the goal; in her words, “they try their hardest to succeed, and you will be astonished with
the concept they can come up with”. The third activity involved incorporating aspects
from design into the atomic makeup structure of the elements. In the same line, the
interdisciplinary approach of teaching STEM disciplines enables students to explain many
situations in everyday life and solve problems [2,3].

Regarding considering STEM activities in the planning process, all participants indi-
cated that it is included in their lesson plan. They even, in some cases, do the planning
around a central topic (theme) cooperatively with other teachers from other subjects.
Teacher B expressed how this way of teaching is beneficial because it allows her as a science
teacher to follow up on what teachers from different subjects are doing with the same class,
which ensures that they all are on the same line [9]. Unsurprisingly, results from this ques-
tion strongly coincide with the idea mentioned earlier in this study, of bringing together
all STEM disciplines through explicit content area connections or interdisciplinary content
and providing opportunities for more relevant, less fragmented, and more stimulating
experiences for learners [2,3,19].

The current STEAM education emphasizes a performance that combines various
talents to solve real-world issues, portray mathematical and scientific ideas as credible
models, and transform engineering designs into arts and arts into aesthetics with deeper
cultural significance and values [2]. As a result, the work of the arts leads to a deeper
comprehension of mathematics and sciences. The arts are embraced by math and science in
order to promote them through a scientific and logical structure or pattern [2]. As a result,
the pedagogical process in STEAM education is a symbiosis of the different disciplines,
with cross-disciplinary activities serving to inform one another [2].

4.2. Availability of Resources and Support

When discussing the availability of resources that support the implementation of
STEM in their school, participants agreed that the required resources are secured to a
large extent. In this respect, all participants indicated that many STEM activities can be
completed with simple, low-cost supplies—spaghetti noodles, marshmallows, and eggs,
for example. Another example was given to justify this claim: building a helicopter is a
STEM activity. Students need to cut pieces of paper using scissors with other materials like
glue or tape [1].

Moreover, responses indicated that the school had assigned a person to fulfill this
mission, providing the needed materials ahead of the activity time.

In addition, and regarding the availability of training for effective implementation of
STEM activities, all participants reported receiving external training in which particular
teachers are elected to be involved (one teacher from each subject). The selected team
is given relevant supportive materials (guided book with instructions about effectively
implementing different STEM strategies). In addition, it was noted that those teachers
who complete the entire training course are later eligible to train other teachers in their
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schools (to become certified STEM trainers) [19]. Similarly, participants expressed the
need to have expert practitioners of STEM who can demonstrate practically how STEM
is best applied and practiced. Research revealed that adopting such an approach requires
restructuring many elements, starting from the training of STEM teachers [48]. A critical
note was also reported: the importance of having “females” representing these activities
in school (i.e., female engineers) especially in the Gulf area, which can alter the common
mindset regarding female capabilities and interests. This is similar to the research that
discussed the impact of STEM integration on students’ interest and engagement in science
learning and toward STEM careers [22,25,49,50].

Finally, arranging field trips for students to be exposed to other students and schools’
experiences in this regard was also noted. This includes active participation in STEM-
related competitions or events (i.e., science fair). Moreover, participants indicated that they
have a particular job position (STEM coordinator) to supervise and support teachers in
this regard. However, they noted that they have not yet established a position for “design
teacher” or “innovation teacher” [23].

4.3. Encountered Challenges

This section emphasizes the challenges faced through the implementation of STEM.
When discussing participants’ concerns regarding the challenges they face while imple-
menting STEM activities, they reported documentation, vast curriculum content, and the
lack of time.

Regarding the first concern, teacher A indicated the issue of documentation as the
main challenge. Although teachers implement STEM activities regularly, they are requested
to prove it (provide evidence), and this mission of documentation, by itself, consumes much
time and effort. Moreover, one critical aspect of the documentation issue was the need to
do the documentation well, in her words, “to fashion it”. Although this teacher is an expert
in effectively conducting STEM activities, she reported weakness in her ability to document
it: “I'm still learning how to document those activities”. Another noted challenge was the
large amount of content that must be covered within a relatively short period (as in the
case of the Ministry of Education (MOE) science curriculum). Many researchers reported
that one of the barriers to adopting STEM approaches in science classes is the significant
science content [38,57,58].

STEAM education faces a number of difficulties. Some of them are related to teacher
training in order to implement integrated lessons and teacher professional development
in order to upgrade the transdisciplinary technique and philosophy for use in the class-
room [57]. This project will necessitate appropriate preparation time as well as the assistance
of qualified experts. Arts-based transformation is constantly hampered by a lack of mean-
ingful collaboration among departments and colleges [58]. One of the most significant
roadblocks to integrating the arts into science and math curricula is teacher and student per-
ceptions that engineering and the arts should/cannot interact and support one another [38].
This viewpoint reveals a lack of mutual respect and trust among faculty members from
various fields.

4.4. Quantitative Phase

The qualitative interviews were used to develop the scale of “challenges encountered
by teachers when implementing STEM teaching in their schools”. Thus, this second
quantitative strand was used to test these specific initial qualitative results. The method
used in this strand was a closed-ended questionnaire as it provides the opportunity to
collect data from many teachers. Accordingly, a survey instrument was administered to
determine teachers’ perceptions in this regard. No specially designed instrument was
available to assess this specific dimension (challenges of STEM teaching). Due to that, the
researcher developed the survey instrument used in the present study based on the initial
qualitative results (self-developed) following guidelines suggested by [31].
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The survey consists of two sections: the first section concerns the participant’s demo-
graphic data, which include school type, school cycle, gender, years of teaching experience,
the taught subject matter, and teacher education level [37]. The second section has seven
structured items. Five of these represent the main challenges reported by teachers from the
initial interviews:

O  The lack of competence required to teach using an interdisciplinary approach in
science, mathematics, technology, and engineering classrooms.

O  The lack of necessary knowledge for teaching using an interdisciplinary approach
(specialized knowledge of how to teach).

O The lack of guidelines or agreed instructions for effectively implementing the interdis-
ciplinary approach.

O  The lack of required resources.

O  The overloaded teaching demands and tasks.

The following two items represent other additional factors that were identified based
on a review of the prior literature concerning the targeted issue:

O  The lack of supportive school culture and classroom environment.
O  The lack of co-operation between teachers across different associated subjects.

Participants were asked to reply to each of these questions on a Likert scale. Teachers
were asked to rate these statements using a five-point Likert scale by indicating whether
they strongly agree (SA), agree (A), are neutral (N), disagree (D), or strongly disagree (SD).
Thus, responses to these items were used to explore degrees of “agreement or disagreement”
on each corresponding item. These generalizations were thought to relate to the initial
findings obtained from interviewing a limited number of teachers. Thus, initial responses
were compared to the average scores obtained from these surveys [59].

The advantage of the closed questions is that they make coding straightforward and
leave no space for rater subjectivity [48]. To secure the content validity, the developed
survey was critically examined by an internal faculty professor for content, readability, and
ease of use, then piloted and tested with a group of teachers (different from those at the
sample school). The questionnaire items were revised and refined based on their feedback
and recommendations.

An overall number of (N = 61) participants was selected via “convenient sampling’
from three different schools, all of which were public schools in Al-Ain city in UAE.
Teachers were informed ahead about the importance of the study, the purpose of using the
questionnaire, and their role and rights in the process. In addition, it was acknowledged
that their participation was voluntary and they were assured about the confidentiality of
their inputs. This was achieved via the provided informed consent, which is a necessary
step to make sure that participants “enter the research of their free will and understand
the nature” [18].

The questionnaire was constructed in the “English language” as all targeted sample
populations could read and understand the statements written in English. Surveys were
conducted during the first semester of 2018-2019. Teachers completed the surveys in their
natural setting (inside the school site). Surveys were distributed to teachers, and then they
were asked to meet at their convenience during their free periods. Collecting back surveys
took five days from the first day of distribution. Thus, the data collection was complete
after these two visits to the participating schools. The teachers’ survey response rate was
higher than 70%, which is acceptable to represent the broader population [58,60].

The reliability and validity of the questionnaire were measured using descriptive
statistics, frequency distributions, and internal consistency reliability indexes. Once the sur-
veys were completed, data checking and entry procedures took place, following by analysis
using Statistical Package for the Social Sciences (SPSS) 24.0 (IBM Corp., Armonk, NY, USA)
via descriptive statistics (frequency, mean average, average percentage, and standard
deviation). Tables and bar graphs were used to represent the obtained results [41].

7
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After analyzing the teachers’ perspectives on implementing STEM in schools, there

was a deep need to explore the challenges for implementation from the teachers’ perspec-

tives. The central theme of these responses was challenged. The researcher developed the
STEM challenges questionnaire based on the seven challenges recognized from the theme of
the teachers’ perspective. The average of 64 teachers’ responses was calculated for each of
the seven items, as seen in Table 1, on a five-point Likert scale, where the teachers’ responses
ranged from 1, which is “strongly disagree” to 5, which is “strongly agree” [22,25,46].

Table 1. Mean scores of challenge items.

I Lack the Competence

IBelieve There Are No The School Culture Required to Teach The Teaching
P I Lack the Knowledge . N The Lack of Resources,
Clear Guidelines or and Classroom . Using an It Is Challenging to Demands, Load, and
. . Necessary for Teaching P . Such as Money and
Agreed-on Instructions Environment Do Not an Interdisciplina Interdisciplinary Work with Teachers Tasks, Such as Time, Makes It
for Effectively Support Teaching p inary Approach to Science, from Other Disciplines Assessment and L,
N Approach (Specialized . . o Challenging to
Implementing the through an P Mathematics, (Lack of Co-Operation Examinations, Make It
P P K of How to . " . Implement New
Interdisciplinary plinary T:achj Technology, and between Te to Approaches.
Approach. Approach. . Engineering Implement New Ideas. PP :
Classrooms.
Valid 63 64 64 64 64 64 62
N
Missing 1 0 0 0 0 0 2
Mean 3.3968 3.1406 2.6563 25781 2.7188 33125 3.2903
Std. Deviation 1.02453 1.16656 1.23724 112412 1.11936 1.24563 1.35969

The means of the items revealed mostly agreement about the challenges, as all the
means were above 2.5. More descriptive data about the teachers’ responses frequency
were calculated for the seven challenges, in order to be more specific. Table 2 shows the

frequency of each of the challenges.

Table 2. Frequency of challenges on a five-point Likert scale.

No Items SD D N A SA  Total

I'believe there are no clear guidelines or agreed-on instructions for effectively

1 . . . .o 2 10 21 21 9 63
implementing the interdisciplinary approach.

5 The school C.ulture.z ar.ld .classroom environment do not support teaching 5 16 16 19 8 64
through an interdisciplinary approach.
I'lack the knowledge necessary for teaching an interdisciplinary approach

3 (specialized knowledge of how to teach). 13 20 1 16 4 od
I'lack the competence required to teach using an interdisciplinary approach to

4 . . . . 8 30 12 9 5 64
science, mathematics, technology, and engineering classrooms.

5 Itis challe.zngmg to work with teachers from other disciplines (lack of 10 19 16 17 ’ 64
co-operation between teachers).

6 The te'achmg derpands,‘ load, and tasks,'such as assessment and examinations, 7 1 1 25 10 64
make it challenging to implement new ideas.

7 The lack of resources, such as money and time, makes it challenging to 9 10 10 20 13 62

implement new approaches.

The frequencies showed that few responses reflected the two extreme ends (SD and
SA). Moreover, the teachers’ responses focus on the three-centered evaluation (D, N, and
A). However, looking deeply at the teachers’ responses revealed that the neutral responses

numbered the highest, making it hard to realize the actual status of the teachers’ responses.

To reach a deeper understanding of which challenge was the most reported by a

teacher, the percentages of only agree and strongly disagree responses to the implementa-

tion challenges were calculated, as shown in Table 3.

Table 3 shows that the most agreement for the challenges was 72%. The teachers believe
that there are no clear guidelines or agreed-on instructions for effectively implementing
the interdisciplinary approach. The teaching demands and the lack of resources came next

with 54.7% and 51.6%, respectively, while 21.9% agree that the teacher’s lack of competency

to teach STEM was the least of the STEM implementation challenges.
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Table 3. The percentages of agree and disagree of the STEM implementation challenges.

No Item Strongly Agree % Agree % Total
I believe there are no clear guidelines or agreed-on
1. instructions for implementing the interdisciplinary 40.1 32.8 729
approach effectively.
2 The school cu?ture and classr90m epv%ropment do not 125 217 340
support teaching through an interdisciplinary approach.
I'lack the knowledge necessary for teaching an
3. interdisciplinary approach (specialized knowledge of 6.3 25.0 31.3

how to teach).

I'lack the competence to teach using an interdisciplinary
4. approach to science, mathematics, technology, and 7.8 14.1 21.9
engineering classrooms.

It is challenging to work with teachers from other

3.1 26.6 29.7

disciplines (lack of co-operation between teachers).
The teaching demands, load, and tasks, such as

6. assessment and examinations, make it challenging to 15.6 39.1 54.7
implement new ideas.

The lack of resources, such as money and time, makes it

20.3 31.3 51.6

challenging to implement new approaches.

5. Discussion

This study reflects teachers’ perceptions and experiences regarding implementing
integrated STEM into their teaching. An additional goal of the research was to explore
how this implementation is supported by resources and relevant training. Finally, the
encountered challenges were also discussed.

The literature review and current findings revealed that participants successfully
reached the level where different subjects are integrated with science smoothly and nat-
urally as a regular habit since this is practiced regularly (an essential aspect of science
teaching). Thus, it appears that STEM is implemented to a large extent. However, what is
interesting here is that although some participants admitted that they regularly implement
STEM into their teaching, none have shown any signs of resistance [30]. However, some
reflected that it is more like a compulsory obligation, which they have to do and prove that
they are doing. This critical finding raises the concern that, like many other instructional
practices, when the pressure of “proving it” exists, the real “value” might be lost [19].

Moreover, the results provide evidence that the school has given the successful practice
of STEM a priority. This was accomplished by making it a requirement for teachers to
include it in their lesson plans, allocating specific days and events for working on STEM
projects (the innovation week), providing professional STEM practitioners with training for
teachers, and allocating a specific secure budget for the purpose of providing all necessary
materials and resources [16,60].

In addition, they expressed feeling relieved that teachers seem ready for and capable
of applying STEM. This reflected a high self-efficacy regarding their capability. Therefore,
the lack of necessary knowledge or skills in this regard was not troublesome for them [31].
This could be due to the relevant experience and training they have had. Concerning the
challenges they encountered while implementing STEM, the reported concerns included
documentation, vast curriculum content, and the lack of time [20,61,62].

Overall, and based on the results of this study, some things could have been done
differently: there was a need for sharing and transferring the knowledge and skills of STEM
best practices through professional trainers. The school focused on preparing particular
selected teachers to obtain certified degrees so that they can later train other teachers in
the same school. The other point is the nature of such training. Since STEM activities
are practical, they are best taught within this frame via active, engaging activities and
spot demonstrations [4,13,15,54,63-65].
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Moreover, integrated STEM education involves students exploring the interconnec-
tions between science, technology, engineering, and mathematics that will enable them
to understand how those disciplines operate within real-world contexts. Consequently,
students acquire extended life competence by engaging in active approaches that value
students’ real-life experience. In particular, a student gains an in-depth understanding of
each subject’s content and skills as integrated courses rather than as isolated content teach-
ing. They are able to make deep connections between the four STEM subjects. Therefore,
STEM interdisciplinary teaching practice leads to advanced critical thinkers who have more
innovative thinking and can cope with nowadays complex technological demands. The
value of STEM is emphasized by placing engineering standards into the Next Generation
Science Standards [12,38,41].

Taking these research results for implementing STEM in cycle two science classes into
consideration, and in light of President Obama’s call that leadership tomorrow depends
on how we educate our students today, especially in science, technology, engineering, and
math [60], improved STEM education may require a change in the structure of higher-
education institutions by restructuring curricula to produce graduates who are versatile,
adaptable, and highly employable, precisely, graduates in STEM jobs [27,48].

Interestingly, among the seven challenges that teachers reported, most agreement was
around facing challenges because of the guidelines that should be provided by educational
administrators and the lack of resources, in addition to the additional teaching demands
from academic administrators. It is worthy to note that all the challenges above were
external to the teachers. When it came to the teachers’ competency to teach STEM and their
knowledge about it and their cooperation with other teachers and school culture and class
environment, the teachers showed minor agreement. The last four situations reflect internal
challenges. Therefore, the teachers strongly agreed with the external challenges that they
have no control over, while they showed a minor agreement if the challenges related to their
competencies or skills. Considering these results, a clear bias from teachers to themselves
was shown. This result will be the focus of more investigation in the future [13,52,59].

6. Conclusions

In general, the results revealed an apparent consensus among participants that they
can implement STEM into their teaching without serious concerns. Participants even
indicated they implement STEM frequently and regularly. They shared almost the same
satisfaction toward the support provided by the school to enable them to best practice it
with their students in terms of availability of resources and relevant training.

The following were identified concerning the challenges teachers encounter while
implementing STEM: documentation, the vast curriculum content, and lack of time. More-
over, external challenges (i.e., the lack of supportive guidelines) rather than teachers’
competency (i.e., having sufficient knowledge and skills for implementing STEM teaching)
appeared to have the highest impending impact.

7. Limitation

A limitation of the current study is that participants shared a range of teaching ex-
perience, A minimum of 12 years and a maximum of 14 years of teaching experience is
required. All of the participants were instructors of science. Teacher A is an 8th and 9th
grade science teacher with two bachelor’s degrees, one in middle-grade science and the
other in psychology, as well as a STEM license. Teacher B is a seventh-grade teacher with a
bachelor’s degree in chemistry and a master’s degree in teaching (postgraduate academic
degrees in secondary science education). Teacher C is a physics major who teaches science
to students in grades 6 and 8.



Sustainability 2022, 14, 3594

15 0f 19

8. Recommendations

STEM integration is still a controversial issue with a long history of debate, but most
researchers agreed that STEM integration will have a positive impact on education. The
reviewed literature indicated that the advantages of STEM integration outbalance the
disadvantages. However, the research revealed several challenges that prevent the effective
implementation of STEM integration, in particular, the complexity of the interdisciplinary
approach, teacher reediness, and school culture. However, all those barriers can be con-
trolled if a successful education reform process is adopted, in particular, a well-studied,
unified reform plan with clear educational goals and outcomes.

Furthermore, all stakeholders that appreciate and believe in the influence of the new
reform process must be involved. Additionally, preparation of the needed resources, such
as the qualified human capital, specialized curriculum, and all the required material, is
required. Finally, the reform process’s implementation should be followed by testing and
evaluation at different phases.
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Appendix A

Interview Guide

Thank you for agreeing to speak with me today. This interview is entirely voluntary. If
at any time you do not want to answer a question, you want to skip a question or go back
to one, you are free to do so. If you do not wish to continue, we can stop the interview at
any point. This interview will be audio-recorded, and I can control the recording at any
time at your request. The interview will last about 15 min. The purpose of this interview is
to learn about your experiences in integrating STEM into your science classes. We want to
understand what STEM courses were like for you.

Questions:

1.  Tell me a bit about your teaching experience—years of teaching and taught grades?
2. Can you tell me about how STEM is implemented in your school?

a.  Isthere a clear policy or guidelines?

b.  How often do you implement STEM in your science classes?

C. Is it considered in your planning?
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3. What kind of activities are implemented? Can you give me some examples?
a.  Are there available resources to support STEM teaching?
b.  Have you received any training regarding STEM teaching?
4. What challenges have you encountered while implementing STEM?
Appendix B

Examining Challenges Encountered by Teachers When Implementing STEM Teaching
(Teacher Survey)
We would appreciate you taking the time to complete the following survey. This

questionnaire asks about your personal beliefs regarding current practices of the interdisci-
plinary teaching approach. The multidisciplinary teaching approach teaches a particular
topic by integrating the following subjects (Science, Mathematics, and Technology).

Your responses will be kept strictly confidential (will not be linked to you personally).

This survey is expected to take 4-6 min to complete.

QL.

Q2.

Q3.

Q4.

Q5.

Part 1—Demographic Information:
Please tick the most appropriate response.

School Type

1. Private
2. Public

Gender:

1. Male
2.  Female

School cycle

1.  Primary (cycle 1)
2. Preparatory (cycle 2)
3. High school (cycle 3)

Teacher’s qualification

1.  Bachelor’s degree

2. Master’s degree
3. Ph.D. degree
4. Other

Teacher’s experience

1.  Less than 5 years

2. Between 6 and 10 years
3. Between 11 and 15 years
4. 16 years and above

Part 2—Questionnaire Items
The following items describe statements about current practices of the interdisciplinary

teaching approach. Please put a checkmark “v"” in the box that best indicates the extent to
which you agree or disagree with each of the following statements using the scale below:

SD =

Strongly disagree

D = Disagree
N = Neutral
A = Agree

SA =

Strongly agree
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No Items SD D N A SA

There are no clear guidelines or agreed-on instructions for
effectively implementing the interdisciplinary approach.
The school culture and classroom environment do not support
teaching through an interdisciplinary approach.
I'lack the knowledge necessary for teaching an
3 interdisciplinary approach (specialized knowledge of

how to teach).

I'lack the competence required to teach using an
4 interdisciplinary approach to science, mathematics, technology,
and engineering classrooms.
It is challenging to work with teachers from other disciplines

5 (lack of co-operation between teachers).

6 The teaching demands, load, and tasks, such as assessment and
examinations, make it challenging to implement new ideas.

7 The lack of resources, such as money and time, makes it

challenging to implement new approaches.
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