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ABSTRACT

STEM education has become one of the most rapidly growing sectors in educational reform all over the
world. Whilst the program has been successfully implemented in most countries, unfortunately it has not
been introduced as successfully in Saudi Arabia on account of lack of clarity of the general description of
the meaning of STEM and its purpose and framework of application. In 2009, the Ministry of Education
(MOE) introduced a new mathematics and science curriculum, in collaboration with Obeikan Research
Development Company, as an adapted series of science and mathematics textbooks produced by an
American publishing company McGraw Hill. The adapted curricula attempt to make meaningful connection
between student’s lives and their educational experiences through the implementation of new teaching
practices which include student-centred investigation strategies and problem-based learning.

The study was limited to Jeddah, Saudi Arabia and used the interviews of high school mathematics and
science teachers and class observational methods as a means of qualitative research in order to address the
following research questions:

e What are the major aspects of the new mathematics and science curricula that serve as a means of the
implementation of STEM education in Saudi Arabia?

e What are the perceptions of teachers on the implementation of the newly adapted science and
mathematics curricula?

e How are the newly adapted mathematics and science curricula delivered in the classrooms as form of
STEM education?

Results revealed that even though there is haziness in mathematics and science teachers on the actual
meaning of the concept of STEM education and its practice, the new teaching strategies that are required
by the MOE for the successful implementation of the adjusted curricula, were found to be equivalent to
teaching practices that have been proven effective in the implementation of STEM education.
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INTRODUCTION

Scientific advancements of the 21st century have impacted every aspect of an individual’s social life.
Requirement of rapidly changing economies are fulfilled via providing quality education in the fields of Science,
Technology, Engineering, and Mathematics (STEM education) and it is considered as a top priority (Asunda, 2011;
English and King, 2015; Kelley and Knowles, 2016).
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STEM’s instructional models are now considered as one of the most emergent areas in the context of education
in both developed and developing countries (UNESCO, 2010). STEM education has also been recognized as a
way of strengthening mathematics and science curricula. Despite the global and recognition of the benefits of
STEM in the educational sector, its application and instructional practices have remained limited (Czajka and
McConnell, 2016; English, 2016; Tofel-Grehl and Callahan, 2016). For instance, generally, science education
sometimes is unable to encourage and polish the critical thinking abilities of students. Besides, it follows a lecture-
based mode of instructions which particularly focuses on the reception of facts in complete dissociation with
context and meaning. However, these limitations are overcome by the problem-solving techniques which are not
only practiced but also given ultimate value in the STEM education (Trueman, 2013).

In Saudi Arabia, education is now viewed as a key factor for financial and social growth and science and
mathematics education have garnered unprecedented common interest (Almazroa, 2013). The new mathematics
and science curricula in Saudi Arabia are an adapted version of the curricula, published by McGraw Hill (Obikan
for Research and Development, 2010). For instance, curriculum of mathematics is based on adjusted learning
which depends on vertical reliance among the educational module and it is built up to create psychological
understanding and scientific abilities in children. In particular, this approach relies on inspecting ideas and building
subjective aptitudes, and scientific abilities and methods to enhance them.

Science curricula, on the other hand, are centred on writing-based activities with an aim to place students in the
centre of the learning and instructing process. Different exercises are designed for recursive learning with an aim
to develop and maintain students’ interest at all levels. The general theory of science course books underscores the
significance of the logic-based examination and reasoning aptitudes (e.g., logical perusing and composing, drawing
and gathering tests), and applying scientific information in everyday life (e.g., relating science to other fields of
study and society which is considered as an aspect of the implementation of STEM education). In higher grades,
science textbooks incorporate subjects such as life processes, cellular structure and heredity. The human body and
its systems, movement and relationship with other living beings are basic divisions of science (Mullis et al., 2016).

In the adapted mathematics and science curricula, prioritizing student-centred learning and understanding the
concepts instead of relying on memorizing texts follow a constructivist theory. Various theories of progress have
been put forward to justify the complex relationship and factors that contribute to changes in the mode of
instruction. Some theories stretched the significance of changing the perception of instructors as a major aspect,
which in turn prompts changes in instructional practices and the enhancements of students’ educational outcomes
(Czajka and McConnell, 2016).

In Saudi Arabia, the educational system follows a hierarchical structure that basically comprises of high
authorities in the Ministry of Education and lower authorities in schools. Mathematics and science curricula, in the
context of this study, is set with relevant material obtained from the Ministry of Education and teachers neither
have any role in curriculum development nor the authority to alter or change any topic or subject (Al-Sulaimani,
2010). Alyami (2014) has argued that reform proposals and development projects essentially require the acceptance
of the affected division as in educational sector, perceptions of teachers and students greatly influence the success
of curricular reforms and development. Policy makers generally believe that changes are brought about by changing
the structure; however, in reality, changes can only be made by changing the subjects involved within the procedure.
Therefore, the successful outcome of reform measures in educational sector is compromised unless they are
formulated and clarified via debate and participatory democratic processes.

The purpose of this study is to determine and comprehend the level of preparedness and inclination of teachers
with respect to the implementation of the new mathematics and science curriculum in Saudi Arabia as an advancing
step towards the implementation of STEM education. Since this is a new study in this domain, it is important to
understand teachers’ views and perceptions about the new curriculum and how it will affect their teaching
strategies.

Primarily, the focus of this study is to encourage teachers to move away from traditional teaching methods that
include lectures and to embrace project-driven methods to project problem- centred learning that establishes a
more beneficial learning forum for STEM subjects. As a common practice, in Saudi Arabia, science and
mathematics are taught as separate subjects with little or no relevance to real life situations. Therefore, in order to
redefine their modes of instruction in the classroom and subscribe to the combined model of STEM education,
teachers need to acquire the understanding of what exactly they know about its implementation and integration in
the curriculum and how it will improve their teaching experience.
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LITERATURE REVIEW

Theoretical Framework

The development of STEM education approach is based on four different pillars: Science, Technology,
Engineering and Mathematics. The approach was further defined as the development of a discipline on the basis
of the integration of other disciplinary knowledge into a new whole (Sanders, 2009). This integration of different
subjects into a single whole was meant to equip students with the ability to deal with the growing challenges.

Since the eatly 90s, the concept of STEM education has occupied the interest of policy makers and educators.
Since then, the integration of STEM into curriculum has been a part of many curriculum reforms such as the Next
Generation Science Standards (NGSS) (NGSS Lead States, 2013).

Most of the changes implemented by the STEM education involved the amalgamation of four different subjects
to develop both theoretical and practical skills in students. According to the study of Kloser (2014) the
implementation of STEM education has mainly emphasized on the change in teaching practices and caused the
emergence of a shift particularly in teaching methodology. The approach further promotes practice-based teaching
philosophy which bounds teachers to apply useful knowledge, skills and values to develop a strong student
engagement. Another feature of the STEM education is that it promotes a curriculum consisting of integrated
content of all four subjects including Science, Technology, Engineering and Maths. These curricula are based on
very specific objectives which aim to develop the target skills in students (Alhomairi, 2018).

Empirical Review

According to a study, Meaningful connections formed between prior and current knowledge and between
disciplines can help establish schemas which help in the development of cognitive skills and results in deeper
understanding in contrast with surface learning (Beane, 1996). To this effect, STEM education could be seen as “a
means that supports a constructivist approach in learning as teachers facilitate and scaffold students’ meaningful
learning” (Becker and Park, 2011).

The success of the implementation of STEM education is dependent on the perceptions and preparedness of
teachers. They need to have adequate prior training and understanding in order to teach the new curriculum to
students. However, teachers’ perceptions and beliefs that shape their approaches and methodologies for the
implementation of curricular reform are usually neglected. These concerns were presented in many researches
regarding education in Saudi Arabia (Bin-Salamah, 2001). In order to make such implementations, it is important
to identify how mathematics and science teachers perceive the shift from traditional teaching strategies to an
advanced “incorporated” STEM training-learning model.

Kennedy and Odell (2014) in their study identified different elements for the successful implementation of
high-quality STEM education and curriculum. First element is the rigorous instructions for science and
mathematics curricula. Second element is the integration of engineering and technology into mathematics and
science curricula. Third element is the encouragement of teachers to promote the trend of asking questions, while
conducting the investigations. Fourth element is the provision of opportunities for STEM educators and learners
with the increased workforce. Mihelich et al. (2016) on the other hand provided insights regarding the importance
of developing student learning in different social scientific studies. Findings of the study emphasized on parents’
inclination in developing students’ interest and attitudes towards science. The study further emphasized on the
inclusion of STEM in the education curriculum of K-12 students.

Zeidler (20106) focused on the socio-cultural and socio-scientific perspective of STEM education. Whereas, El-
Deghaidy and Mansour (2015) examined the perceptions of Saudi science teachers regarding the STEM education
and its multidisciplinary nature. Findings of the study indicated a need to develop a professional model to analyse
the lacking of the science teachers in terms of the pedagogical content that would promote the enactment of STEM
education in classes. A similar study was conducted by Madani (2017) which investigated the teacher’s perception
and instructional practices with respect to the science and mathematics curricula as a positive step towards the
implementation of STEM education in the educational system of Saudi Arabia. Findings of the study indicated
certain level of haziness regarding the concept of STEM education in the educational curricula. Besides, the new
teaching strategies implemented by the Saudi Ministry of Education were found equivalent and effective in the
implementation of STEM education.

Aldahmash et al. (2019) conducted another study to analyse the attitudes of Saudi Arabian mathematics and
science teachers towards the integration of STEM education in the science and mathematics curricula of middle
school. Findings of the study supported the integration of professional development programs which ultimately
resulted in decreasing teacher’s difficulties regarding the implementation of STEM. Also, a significant
improvement in teacher’s self-efficiency was identified due to their participation. Williams et al. (2015), on the
other hand, highlighted the instructional preferences of teachers who belonged to the system of STEM education.
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Findings of the study identified in-class instructions including group work and problem-solving strategies. Besides,
most of the teachers preferred summative assessment practices.

Henderson and Dancy (2011) identified the role of individual educational professionals, as they primarily serve
as the policy and curriculum developers and tend to create new instructional strategies through educational
research, which are then implemented to obtain practical results. Such techniques, in most cases, fail to consider
the unique identities of students, teachers and schools in every region. In some cases, these strategies often lead to
academic success and provide expected results, while in other cases, undesired outcomes are obtained.

The evidence of teachers’ self-efficiency should also be needed. “For teachers to be able to teach integrated
STEM, they need professional development experiences, adequate planning periods and adequate content
preparation” (Harrell 2010). This study aims to provide evidence that teachers are not adequately supported with
the infrastructure and means required to successfully implement the curticulum. The STEM school cultute requites
“collaboration amongst stakeholders as well as establishment of a collaborative and supportive STEM education
community (Basham, Israel, and Maynard, 2010). Teachers are required to have a comprehensive understanding
of STEM education and they should be adequately equipped to handle the transition from lecture- centred mode
of instruction to student-centred one.

METHODOLOGY

The methodology provides a descriptive analysis through the use of different forms of qualitative measures
such as interviews and observational methods (Ary, Jacobs, Sorensen, and Walker, 2013). The study is specifically
conducted in Jeddah, Saudi Arabia, in order to address the following research questions:

e What are the major aspects of the new mathematics and science curricula that serves as a means of the

implementation of STEM education in Saudi Arabia?

e What are the perceptions of teachers on the implementation of the newly adapted science and mathematics

curricula?

e How are the newly adapted mathematics and science curricula delivered in the classrooms as means of
STEM education?

The purpose behind using basic interpretative research was to understand how high school mathematics and
science teachers perceive events, processes and activities, while practicing the new mathematics and science
curricula in the classroom in a bid to implement STEM education in Saudi Arabia.

The research study focused on using personal open-ended interviews with participating teachers to gain a
deeper understanding of the major aspects of the new mathematics and science curricula and class observational
methods were applied to comprehend how the new required teaching methodologies are practised in the
classroom.

Sampling

Target population

The context of this research study is centred on the Kingdom of Saudi Arabia (KSA). However, depending on
a homogeneous sampling, the researcher selected similar cases to desctribe a subgroup in depth rather than all
members of the population (Glesne, 2011). It was also used to ensure that the data obtained was related to the
scope of the research understudy (Onwuegbuzie and Collins, 2007; Fraenkel et al., 2015). Sampling was limited to
Jeddah; the selection of this area was based on the researchet’s ease in accessibility to potential study participants
and information.

Selection of science and mathematics teachers teaching the new mathematics and science curricula to the higher
grades (grades 11 & 12) was made. The teachers were assigned by the participating schools on the basis of their
qualifications, willingness to take part in the study and most importantly their experience in teaching both the
previous and the new mathematics and science curricula in Saudi Arabia.

Eight high school teachers participated in the study; four of whom were selected for the semi-structured
interviews and the remaining four for the classroom observational methods. The entire procedure was carried out
to gain deeper and wider perspectives of research objectives from different angles and to gain a clear picture of
teachers’ perceptions of the new mathematics and science curricula with respect to its implementation practices in
the classrooms and. The participants were selected from four schools: one school was only for boys and the other
three were only for girls.

Based on the objective of this study, only four subject teachers teaching mathematics, biology, chemistry and
physics were interviewed. These interviews were carried out in order to gain in-depth information and observation
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on each subject to be able to build a convincing analytical narrative which should be based on richness, complexity
and detail for each subject.

Data Collection

Interviews

Interviews are considered as the most popular form of qualitative methods of research as they provide authentic
information of participants’ personal experiences and perceptions about a certain matter (Melles, 2005). Interview
questions in qualitative studies usually focuses on participants culture, perceptions, experience, understandings,
meanings and problems studied, in order to investigate their plans, intentions, roles, behaviour and relationships
regarding the understudy research topic (Tuckman and Harper, 2012).

Therefore, interviews are perceived as a powerful tool to gain insight about educational issues by understanding
personal experiences of involved individuals and receiving more in-depth responses (Seidman, 2013; Crabtree and
Miller, 1999).

The semi-structured instrument consisted of nine open-ended questions designed to investigate mathematics
and science teachers’ perceptions and classroom practices with regards to the new mathematics and science
curricula used as an advancing step towards the implementation of STEM education in Saudi Arabia. The purpose
of the instrument was to provide teachers with the opportunity to describe and elaborate the relationship between
their perceptions about new mathematics and science curricula and their daily classroom practices.

In order to maintain the quality of an interview, Shensul et al. (1999) suggested three principles: maintain the
flow of the interviewer’s questioning and participants’ responses; sustain a positive relation with the participants
and avoid interviewing bias. In this research study, the researcher took the role of the interviewer. Interviews were
conducted fairly as all participants were asked the same questions in the similar order. Furthermore, the questions
were worded in an open-ended format which allowed participants to contribute in shaping the discussion and feel
free to share their perceptions, experiences and attitude regarding the subject (Bogdan and Biklen, 1998).

The duration of each interview ranged between forty-five minutes to an hour, which is an appropriate time for
conducting interviews as described by Glesne (2011). Participants were briefed beforehand about the research
topic, rationale and objectives and their doubts were also clarified to maximize the successful output of the
interviews. The interview questions were first formulated in English and then translated into Arabic: the first
language of Saudi Arabia.

In order to ensure the accuracy and validity of the translation and to make sure that the meanings were not lost
in translation (Kapborg Bertero, 2002) assistance of two certified translators was taken (Simon, 2011).
Appointments with the school principals of the participating schools were taken ahead of time.

Four teachers were interviewed; three of them were female who were teaching mathematics, biology and physics
in three different girls’ schools in Jeddah, Saudi Arabia. Each interview was held within the school premises and
lasted for approximately forty-five to sixty minutes. The fourth interview was conducted with a male high school
teacher teaching chemistry. Due to gender segregation policy in Saudi Arabia’s schools, the interview was
conducted over the phone after getting the school principal’s permission.

Methods used for documentation and later analyses included note taking and audio tape recording (DiCicco-
Bloom and Crabtree, 2006). Participants’ consent was obtained prior to the interview regarding the audio recording
of the interview. After the completion of data collection process, each interview was carefully listened and noted
to eliminate the chances of bias in results. More precisely analysis of data obtained from the observational method
was carried out by using Krathwohl’s (2009) three main stages. The first stage involved familiarization and
organization of the observed facts. The second stage involved coding and recoding of obtained data and finally
the third stage involved thorough summarizing and interpreting of the obtained results.

In order to test the trustworthiness of interview questions, a panel of educational experts including educators
and teachers were asked to judge the translation, context and validity of the instrument. Three educational experts
assisted in reviewing the questions including a science professor from Dubai, a school principle from Jeddah Saudi
Arabia, having a 25-year experience of teaching mathematics in Saudi Arabia and a retired Biology teacher with 22
years of teaching experience in Saudi Arabia.

Classroom observations

Tofel-Grehl and Callahan (2016) described that the best path to understand the implementation of STEM
education within STEM schools is via the study of classroom discourse. The main focus of classroom observational
methods in this study was to describe whether teachers’ perceptions are aligned with the applied teaching practices
regarding the implementation of the adapted mathematics and science curricula as an advancing step towards the
implementation of STEM education in Saudi Arabia.
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In order to conclude and to effectively answer the research question: “How #s the newly adapted mathematics and
science curricnla delivered in the classrooms as a means of STEM education?’, the researcher conducted classroom
observational methods within participating schools in Jeddah, Saudi Arabia.

Four schools participated in the qualitative part of the research study as it was described eatlier; one school was
a boys’ school, while the remaining three were girls’ schools. In accordance with the gender segregation policy
implemented in Saudi Arabia, only three schools were included in the class observational method. It was due to
the fact that the researcher was denied access to the boys’ schools, on account of being a Saudi female. Moreover,
since the research was not under the research panel of Ministry of Education, video tape recordings were also
denied. Therefore, class observational methods were limited to the selected girls’ schools of Jeddah, Saudi Arabia.
Classroom observations of the biology and chemistry teachers were conducted in only one school, while for physics
and mathematics, each observation was conducted in a different school.

The primary focus of the classroom observations was to investigate teachers’ application of the new
instructional practices implemented by the Ministry of Education to teach the new mathematics and science
curricula as an advancing step towards the implementation of STEM education. The observations were
purposefully conducted during participants’ STEM integration lessons by using an observational checklist that was
developed by the researcher, which is relevant to the scope of the research topic and the nature of the research
questions. The observational checklist included two sections. The first section dealt with the investigation of the
applied teaching strategies to answer the following question: “How well did the teacher cover the following teaching
approaches in the classroom?” This investigation was done via the observation of the following subdivisions: lesson
opening, quality of teaching, mode of instruction, association of taught subjects with students’ daily life issues, and
developing connections in different STEM subjects when teaching. The second section included the observation
of the overall learning environment in the observed mathematics and science classrooms.

In order to ascertain trustworthiness of the instrument, a pilot classroom observation was undertaken with a
female mathematics teacher who was teaching students of 12% grade in one of the participating schools in Jeddah,
Saudi Arabia. The observational trial assisted the researcher to focus on the required observational techniques and
note taking with respect to the scope of the research topic. The trial helped in clustering the observational checklist.
Some of the columns were deleted and more emphasis was given on observing the subject integration between the
topic taught and STEM subjects.

In order to eliminate bias, the researcher took the position of a silent uninvolved member during all classroom
observational methods, as no interaction was made with the teacher or any of the students during the classes. The
researcher was observing the classes silently, not pass judgement on the settings as everything was recorded as it
occurred. Further, the researcher adapted the two-column field note taking strategy (Hammer, Prel, and Blettner,
2009).

In the observational checklist, the researcher used two columns for taking classroom notes: one column to
report the indicators for teacher-student interactions, while the other column was used for writing personal
thoughts and comments, which separates the observer’s personal comments and thoughts from the actual
observations.

The classroom observational method was applied to investigate all the activities and interactions between
participating teachers and their students to monitor their interactions with the activity (Merriam, 2009). As the
format of the lesson plans varied significantly among teachers teaching different STEM subjects (mathematics,
physics, chemistry and biology), the number of classroom observations was also varied depending on the coverage
of each STEM subject and chapter, each class was 45 minutes long. In chemistry, a total of six classes of the same
teacher of grade 11 and 12 were observed.

Topics covered during the six classes included the ionic and covalent bond which was covered in two classes;
alkaline battery topic was covered in two classes and the hybridization chapter was also completed in two classes.
In biology, a total of five classes of the same teacher of grade 11 and 12 were observed. Topics covered during the
five classes included bird anatomy which was completed in two classes including one conducted in the science
laboratory and the circulatory system which was covered in three classes. In physics, three classes of the same
teacher of 11 and 12 grade were observed. Topics covered during the three classes included the Quantum theory,
Kinetic energy and Newton’s first law. In mathematics, five classes of the same teacher of grade 11 and 12 were
observed. Topics covered during the five classes included Pascal theory, binomial theory, polar coordination,
resume limits and tangent and velocity. The reason behind choosing to observe more than one chapter in each
subject was to ensure that the researcher gathered enough evidence for the comprehensive analysis and
investigation of the applied instructional practices.
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RESULTS

Teachers Interviews

Q1) Are you familiar with the concept “STEM education”, if yes please desctibe it for me?

Not all interviewed teachers heard the term ‘STEM’; however, description of the meaning of the term revealed
that three participants were familiar with it. The physics teacher was the most familiar with the theory of STEM
education as she was able to give a complete definition of its implementation, purpose and objectives. Further, the
teacher described that finding relevance between different STEM subjects when teaching and relating given topics
to students’ lives is a requirement of the new curricular implemented by the Ministry of Education.

Q2) Do you believe that the new mathematics and science curticula is a step forward in Saudi Arabia’s
educational reform and a step towards STEM implementation? Explain.

In this question, all participants shared positive views regarding the new mathematics and science curricula as
being a sign of educational improvement in Saudi Arabia. Moreover, they all agreed to the existing challenges lying
ahead in the implementation of the new curricula to accomplish the objectives and academic success. The physics
teacher explained “I'be new curricula are more advanced in terms of the information included and the level of coordination among
subjects including the sequence of its topics. Since education in the Arab world was initially introduced, teachers were viewed as a sole
source of knowledge and information. However, in present times, their roles have transformed to facilitators, as students are now more
indulged in their own learning. To me, this is a major aspect when it comes to STEM implementation, I cannot say that the new
curricnlum is fully meeting its objectives yet, but with time and more training I'm sure it will’. The teacher further described,
“When the given topic is related to a real-life scenario, students become more interested and feel the connection with the topic, which
makes it difficult for them to forget or neglect new information, especially if it is related to their life or health circumstances. STEM
implementation is not yet considered as a requirement from the Ministry of Education, connections between different STEM subjects
are applied as an extra effort from the teachers”.

The new curriculum is a form of STEM education though a lot of teachers and students might not have noticed
it yet. Additional focus is required for the implementation of STEM education and subject integration in specific
and on the whole learning and teaching experience in general.

Q3) Do you have the expetience in teaching the old curticula? If your answet is yes, did you experience
differences in your coursework and instructional approaches required for the implementation of the new
curricula when compared with the old one?

The teachers that were interviewed were able to identify differences between the old and new curricula. The
biology teacher noted ““I'be new curriculum is better, as there are stated objectives at the start of each chapter, which counld be used
as a framework for lessons. However, some topics required more evaluation before presenting lessons to students”. The physics teacher
on the other hand desctibed, “As feachers we are challenged not only in onr ability to carry a class using new active learning,
Student-centered teaching techniques, but are also to be informed about other STEM subjects as well. Moreover, the new curricula add
exceess load on teachers when compared with the old one, as it requires teacher’s knowledge and experience to read information that are
Sound between the lines and be able to clarify them to students. Implementing new instructional practices including student-centered
teaching techniques requires not only teaching experience, but also more time in class”’. The mathematics teacher on the other
hand, explained, “The new mathematics curricula is stronger in content, as it focuses more on the basics of mathematics throngh new
engaging teaching techniques, that increases students’ interest and encourages classroom engagements”. The above-mentioned
statements sufficiently explain that most of the teachers supported the use of new teaching method. However, one
of the major concerns raised by the respondents included that the new approach demands regular updating of the
subject knowledge remain in line with the new advancement and development in their respective fields of studies.
This further emphasizes the need for frequent development of professional development programs, as suggested
in the studies of Aldahmash et al. (2019) and El-Deghaidy and Mansour (2015) respectively.

Q4) In your opinion, in the new curticula does the Ministry of Education aside from connecting
mathematics and science subjects to real life scenarios, focus on STEM implementation or subject’s
Integration in their annual visits?

Most mathematics and science teachers indicated that the new curricula focus more on students’ engagements
and puts more weight on the relevance of subjects to students’ daily lives. However, implementation of STEM
education and the integration of its subjects are carried out within that process.

The physics teacher explained that the Ministry of Education focuses mainly on the new active learning
strategies and new student-centred teaching techniques, according to which teachers are supposed to act as
facilitators and help and guide their students to search and get the information by their selves. Additionally, the
teacher explained, “Minimum emphasis is concentrated towards the implementation of STEM education or subject integration
between physics and other different science subjects”. Despite the fact that implementation of STEM education is not a part
of the Ministry’s direct requirements, it is still required to accomplish the goals and objectives of the new curricula.
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Qb Are teachers qualified to teach the new mathematics and science curricula? Explain the
challenges that faced you as an instructor.

With respect to the issue of teacher’s qualifications to teach the new mathematics and science curricula, teachers
shared mixed views. The biology teacher stated, “In this school we have three biology teachers, I believe all of ns are qualified
and well-informed in teaching the new biology curricula, in terms of its content and are aware of all new teaching requirements and
methods”. On the other hand, the physics teacher disagreed, as she described teachers as unqualified in teaching the
new physics curricula, highlighting two challenges: the language barrier because most teachers are not familiar with
the meaning and pronunciation of most scientific terminologies included in the new curricular textbooks and the
challenge of implementing new instructional practices required for teaching the new mathematics and science
curricula as teachers tend to revert to their old teaching methods. Further, the teacher added, “When the new
mathematics and science curricula was first introduced, it created a huge gap for both the teachers and the students,
as it was very challenging for us teachers to build new information with students having no base.

QG6) As a teacher, were you offered any sort of teachers’ development programs or workshops as a
preparation to teach and implement the new mathematics and science curricula? How important do you
think is it for teachers?

It was concluded from the participant’s different answers that teachers were not all required or obliged to get
enrolled in workshops or teachers’ developing programs before teaching the new mathematics and science
curricula. The chemistry teacher stated, “I do not deny the importance of teachers’ development programs and workshops; 1
believe it is the most effective tool to curricular reform success and a window for teachers to learn how to apply new different teaching
technigues. Despite that, I have been teaching bigh-school chemistry for a couple of years now, so far I was not obliged to enrol in any
courses or workshops.”

This indicates that many teachers, despite knowing and understanding the value of teacher’s development
programs refrained themselves in getting enrolled in these programs to optimize their productivity. The responses
further indicated that most of the teachers, despite their willingness were unable to attend these programs on
account of strict work schedule. This pinpoints towards another factor that may support the given argument that
teachers are unable to manage time for attending such purposeful events due to their workload.

Q7) What do you think are the major aspects of the new mathematics and science curricula, that are
considered as a step towards implementing STEM education in Saudi Arabia?

The mathematics teacher highlighted the fact that mathematics, unlike other science subjects, is considered as
rigid and difficult, which makes it very challenging for the teacher to engage students in the entire learning process.
Nevertheless, the new curricula aim to raise the interest of students by challenging them to solve mathematical
problems that are related to real life scenarios. Furthermore, numerous exercises given at the end of each chapter
are considered as an excellent addition to the mathematics textbooks. The exercises highly vary in their level and
style, which helps students practice beyond the confines of their books and consequently become more familiarized
with international exam questions.

The physics teacher indicated several aspects of the new physics curricula that were not the part of the old one
including summary at the end of each chapter to help students review and reorganize the chapter’s points and build
up on this information. The new curriculum is more research oriented and relevant to students’ real-life situations
and circumstances. The biology teacher pointed out three characteristics of the new science curricula which verified
that educational reformation in Saudi Arabia is on the right track. Most of the teachers observed that the new
methods were sufficient in developing critical thinking skills in students as well as increased classroom interaction
and response. From these responses, it can be safely concluded that the new methods are sufficient in directing
students towards the development of required skills.

Q8) What is your overall conclusion on the newly implemented mathematics and science curticula?

Despite the fact that most participants shared mixed views and feelings regarding the new mathematics and
science curricula, they were all optimistic that this educational reformation is a positive step towards the
improvement in Saudi Arabia’s educational system in general, and students’ output in STEM subjects in specific.

Most of the teachers identified high improvements in students’ understanding of the basic concepts. Further
improvements were also observed in the methods of assessments conducted by teachers with respect to the
student’s performances.

Q9) Do you have any additional comments that you would like to share?

The mathematics teacher explained, “Improving the overall process of learning does not depend solely on coming up with new
curricula. In order to improve our educational standards, schools must rely on outside exams that are given from someone other than
the teacher who is teaching the topic, so both the teacher and the students can be enconraged to put more effort to improve. I believe that
there will be no tmprovements in education as long as the teachers do not improve, also, there are too many holidays during the semester,
which carries a negative effect on students learning”’. She added “T'he down side is that the Ministry of Education does not consider
STEM as part of the new curricula’s major requisites”.
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The above statement therefore emphasizes on the fact that the existing measures of the government are
insufficient regarding the inclusion of STEM education in the current educational system. This identifies the gap
found in the strategies planned by the government which are insufficient to fulfil the academic needs of both
students and teachers.

Classroom Observational Results

Observation of instructors’ teaching practices in classrooms plays a significant role in enhancing students
learning in different disciplines of STEM education (Smith et al., 2013). In this section, the researcher relied on an
open-ended observational protocol in which the researcher attended classes, took notes and commented on
students’ involvements and interaction within the classroom by using a formulated observational checklist.

Within each observational section, results were further classified into two parts: the first part was the
observation of science classes including physics, biology and chemistry and the second part was the observation
of mathematics class. Analysis of the data obtained from observational method was carried out using Krathwohl’s
(2009) three main stages. The first stage involved familiarization and organization of observed facts. The second
involved coding and recoding of obtained data and the third stage involved summarizing and interpreting of the
results. At the end, a table was created to summarize the points between different subjects observed via the class
observational checklist.

Through observations it was found that all the four teachers opened their lessons through a brief discussion
about the topic and its relevant background. Besides, the quality of teaching was determined on the inclusion of
student-centred teaching strategies which ultimately supported quality teaching. Mathematics teachers incorporated
different short classroom activities to enhance students’ skills and science teachers incorporated further
instructional activities which ultimately increased students’ response in classroom discussions. Students’
participation further increased with the inclusion of different short exercises meant to develop a connection
between scientific facts and real-life situations.

DISCUSSION

Results were analysed to investigate teachers’ perceptions and instructional practices of the new mathematics
and science curricula as an advancing step towards bring about educational reforms in the Kingdom of Saudi
Arabia. The objective was to gain an insight of how teachers perceive, acknowledge and implement the new
teaching practices required for teaching the new curricula, and its relevance with instructional practices required
for the implementation of STEM education. Findings were presented with an aim to generate a base for further
research to improve the standards of Saudi Arabia’s educational system in general and the abilities of students in
the fields of mathematics and science in specific.

The fact that STEM education is not a familiar term among most individual participants of this research, thi
study determines fact that there is a general haziness regarding the terminology and meaning of STEM education.
A successful integration of mathematics and science subjects mainly depends on teachers’ academic competence
with respect to subject knowledge and the integration processes. There are many challenges in the implementation
of STEM education; one of the main challenges is the need of a clear definition of the acronym STEM in STEM
education (Brown et al., 2011). Moreover, many teachers face some difficulties in teaching their own subjects when
they are asked to integrate other subjects as this could be challenging and may lead to miscommunication. This
confusion affects the delivery of information by the teacher and its reception by the students (Stinson et al., 2009).
Notwithstanding the many possible benefits STEM education provides, it is vital to concentrate on teachers’
understandings, practices, efficiency and strategies required for a successful implementation of integrated STEM
education (Stohlmann et al., 2012).

The results indicated that when teachers were asked about their familiarity with STEM concept, three out of
the four teachers responded by using the “yes” word as an answer but only one of them was able to further explain
the meaning of STEM. Further, participants’ responses were also found to be consistent in classroom observational
results which indicated that the focus was more towards the application of new teaching methods than the
integration between subjects.

Several ways were highlighted for getting acquaintance with STEM education including subject integration
within different disciplines of STEM education, the application of new teaching practices, relevance of the new
curricula and the encouragement of students’ involvement. These points were related to the interview responses
regarding the application of new instructional practices as demanded from the Ministry of Education. Moreover,
they were relevant with the observational data obtained by observing different mathematics and science classes.
These findings are in line with those provided in the study of Madani and Forawi (2019), according to which the
new curricula implemented by the Saudi Ministry of Education were effective in developing meaningful
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connections between student’s real life and educational experiences. This further involved the inclusion of new
teaching strategies. Aldahmash et al. (2019) endorsed the results of this study and indicated that most of the
implementation of STEM education was instrumental in improving students learning efficiency. It was also
instrumental in increasing teachers’ self-efficiency by the adoption of different teaching approaches. Results of this
study further indicated that some teachers were unable to identify the appropriate meaning of STEM education,
which showed unpreparedness with respect to the criteria of STEM education. These results were also in line with
those presented in the study of El-Deghaidy et al. (2017), according to which most of Saudi science school teachers
reflected lack of preparedness regarding the implementation of STEM education practices. However,
recommendations regarding the provision of teacher’s development programs were provided to improve the
education level of both teachers and students.

Respondents described several points which they considered as interior and exterior barriers that challenged
the implementation of new teaching strategies and subsequently, the implementation of STEM education. These
barriers included poor instructional design, rigid school structures, isolated subjects and topics, insufficient teacher
preparation programs and workshops, time constraints, resistance of teachers and students to accept change, lack
of recognition of teachers and students, lack of encouragements, insufficient school resources, large class size and
the lack of a unified assessment form.

Ramli et al. (2017) conducted a similar study to identify the challenges faced by teachers in the implementation
of STEM education. Findings of the study outlined some important challenges that are in contrast with those
postulated in this study. According to the study, most of the teachers faced issues such as lack of confidence, lack
of related teaching materials and lack of teaching expertise required to implement STEM education.

Most of the shared themes focused around the idea that the new curricula is more suitable for the next
generation with respect to both its material contents and applied teaching strategies. Analysis of teachers’ responses
revealed that all respondents favoured the new mathematics and science curricula on account of the following
factors: its relevance to real life situations, concentration on the development of students’ self-efficiency,
confidence and motivation and most importantly educational outcomes. Therefore, from the above discussion it
can be concluded that the implementation of STEM education is instrumental in supporting the advanced
educational standards. However, there has been lack of training sessions and workshops for teachers’ professional
development which are mandatory to fill the gaps in the successtul implementation of STEM education.

CONCLUSION

The study sought to address a shortfall in the educational system in Saudi Arabia. It sought to examine the
perceptions of teachers towards the implementation of STEM education and the interdisciplinary curriculum. An
important result of the study revealed the need to enhance dialogue between teachers of different STEM education
subjects in order to provide cohesion and promotion of the new curriculum at schools. The idea aims to establish
a STEM culture and create a dialogue to enhance partnerships with all key role players. Stoll and Fink (1996) list
collegiality as one the features of a positive school culture which includes shared goals and responsibility for
success, continuous improvement, lifelong learning, risk-taking, support, mutual respect, openness and humour.
Findings further revealed that teachers are not adequately prepared or educated with regards to the implementation
of STEM in schools.

Teachers also voiced their concern in the interviews regarding common internal and external issues such as the
lack of adequate facilities and infrastructure required to support the implementation of STEM education. There
were also issues related to the insufficient resources, confusion about examinations, insufficient time to focus on
STEM activities, lack of necessary teaching materials and large class sizes which impacted on teaching time. It was
evident that teachers were facing difficulties to fully embrace and implement the STEM curriculum. Teachers
expressed concern that workshops that were intended to prepare them for the implementation of STEM education
could not provide them the necessary tools required for implementing STEM.

It was concluded that in order to comprehensively understand all the elements of STEM education and its
integration and implementation, teachers need to be involved in open discussions and intensive collaboration and
partnership.

LIMITATIONS

When conducting a research study, limitations affect the degree of trustworthiness of the research and
generalization of its obtained results (Creswell, 2013). The following are some of the limitations that need to be
taken into account as they might have had an effect on the findings of the research.
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First, this study is limited by the validity of measurement held by the applied instruments, including semi-
structured and open-ended interviews of teachers and class observational methods. In the second place, the study
was limited to Jeddah and the study sample comprised only eight teachers. Further, participants were only post-
secondary mathematics and science teachers who had experience in teaching both the old and the newly adapted
mathematics and science curricula in Saudi Arabia. Therefore, results of the findings may not be applicable to new
teachers who have prior experience of only teaching the old curricula or to teachers outside the domain of higher
secondary education. In the third place, the proposed conceptual framework does not address all the problems
concerning the new science and mathematics curricula and educational program such as those imposed by law, by
the politics or by teachers’ professional development programs. Further on account of the uniqueness of the
research topic, at present, there is no protocol purposefully designed to observe STEM integration classes or
structured interviews for STEM implementation. Therefore, qualitative instruments applied were developed by the
researcher with consideration of the scope of the research study as well as social and cultural concerns. Another
important limitation was that the classroom observational methods were implemented only in girls” schools since
on account of cultural and religious restriction in Saudi Arabia, schools are gender segregated and the researcher,
being a female, couldn’t gain access to the science or mathematics classrooms of boys’ schools and also videotape
recordings were not permitted for classroom observational methods. Finally, much of the research study’s literature
review was based on research studies conducted in western countries due to the fact that STEM education is
considered as a relatively new domain in the educational system with very limited available research especially in
the Middle East other Arab countries.

RECOMMENDATIONS

The outcomes of the research highlighted the need to improve the practical implementation of STEM
education in the schools of Saudi Arabia. The results have shown extensive and strong evidence that these results
would assist in comprehending the major role that teachers play in the implementation of educational reforms.

The results further provided a window to evaluate the applied teaching strategies and identify the weak spots
that should be addressed to provide future support and assistance in the implementation of the new curricula.
Recommendations related to research identify several fields of action to improve the impact and diffusion of the
STEM education in Saudi Arabia. On account of the lack of supporting studies available in Saudi Arabia, more
research is recommended to provide conclusive vision of the new mathematics and science curricular reform. A
call for more regional research is necessary to improve scientific educational systems to keep up with the much-
needed rapid speed of development as Saudi Arabia is considered far behind. This exploration study ought to be
conducted with a larger sample to affirm its discoveries, where additionally investigations should be done in other
geographic areas and crosswise over other STEM orders to recognize whether the techniques distinguished in this
review are like those discovered somewhere else. Furthermore, it has been observed that there is very little research
regarding the coherence between mathematics and science subjects in the given curriculum and more research is
required to investigate how curricular coherence works for students.

Research works should also be carried out on how students perceive and observe these connections.
Additionally, the introduction of Reformed Education approaches and its teaching methods should be the focus of
teacher’s development programs and workshops. Reformed education deals with recruiting and adequately
preparing teachers with both the subject knowledge as well as the pedagogical knowledge which is necessary to
implement specific teaching strategies needed to effectively teach their subjects. Additionally, inadequate
understanding about inquiry-based instruction, complexity of the approach and educational significance to future
educators and STEM professionals provide justification to offer and investigate inquiry-based STEM professional
development. This development would be useful for faculty members teaching mathematics and science subjects
in all school levels.

Regarding practice, additional investments by the authorities in optimizing interaction and collaboration
between mathematics and science teachers are required. It could be in the form of establishment of an educational
platform that brings together curricular developers, trainers, and teachers to provide resources and reference
sources for the formulation of best practice regarding STEM reform in the kingdom. Furthermore, research is
required to study redesigning and the restructuring of teachers’ development programs and workshops with the
addition of STEM training and its implementation practices. Moreover, the enhancement of mathematics and
science teachers’ participation in workshops and professional development programs especially those that prepare
teachers to design and implement integrative STEM education and improved instructional practices. Furthermore,
coordination within teachers of different STEM disciplines, should be enhanced and encouraged in order to
accomplish successful implementation of STEM education.

For the recommendations related to the field of education, findings have suggested that more effort to increase
public awareness on STEM education and strategies are needed for promoting its adoption and implementation.
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In order to implement STEM education in Saudi Arabia, additional focus in organizing and developing correlation
between topics within individual STEM subjects are required. Reorganization of the new mathematics and science
curricula should be carried out in a way that the topics of different STEM subjects are in sequence and consistent
with each other. Furthermore, the development of professional development programs and workshops need to be
restructured in accordance with the educational needs, standards and should be as beneficial as possible to match
the objective and purpose of the new mathematics and science curricula.

Also, in order to ensure maximum participation of teachers in faculty development and teaching related
endeavours, educational institutions as the Ministry of Education and school heads should value such efforts. This
can be achieved by motivating faculty members that additional time they spend on developing new instructional
strategies will be taken into account in annual reviews, pay revisions, promotions, etc. There is also a need to
develop a unified documented tool to investigate instructional practices being carried out in the classroom as a
means of assessment and quality control.
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