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ABSTRACT

FATHY, HALA, F. o Masters January [2023,
Masters of Arts in Curriculum and Instruction
Title:Pr i mary Science Teachersdé Perceptions
Challenges of its Implementation
Supervisor ofThesis AMAI, R., MALKAWI .

Understanding teacérs' perceptions of STEM education is crucial to ensure
the quality of teaching and learning provided for the students in the classrooms. This
dddzRe FAYSR 4G Ay@SaidAaalridAy3d aOASyOS (St «
in primary public schools in ¢hState of Qatarin terms offour domains teachers'
knowledge, STEM teaching requirements, impact on students' outcomes, and the
perceived challenges of implemition. This study followed a sequential explanatory
mixed-method approach. Quantitative dataas collected by surveying (148) science
teachers, while qualitative data was obtained using four focus gro&Esults
highlightedt he need to increase teacherso6 unde
disciplines and their approaches to integration. Furtbeg, various challenges were
reported, including insufficient professi
lack of an integrated curriculum and lack of time. Additionally, results indicated that
there were no si gni f pexceptiohs wihirdgdrcetoigger ore s i n
educational background, while there is differences in relation to teaching experience in
the challenges domain. Moreoveaesults indicated the significant difference in
teachersd percept i o nvsprofessibnal developmeat prognaens r e c e
and STEM teaching experienae the first three domain®ased on the results, the
study recommended that there is a need to develop STEM integrated curriculum and to

provide STEM professional development programs.
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Chapter One: Introduction

Across the world, governmentecognize teachers as the cornerstones for
successful and sustainable educational de
students to be global citizens who can compete in thisckasiging world is
indispensable. In this vein, there has be@moaving interest recently in the fields of
STEM (science, technology, engineering, and mathematics) in all over the world and

in Qatar specifically (Sellami, EKassem, AlQassass & ARakeb, 2017).

Over the past decade, STEM education was a global éotissderation in both
developed and developing countries-[iEghaidy& Mansour, 2015). STEM education
is enthused by the demand of global workforce and the economy needs to fulfill the
deficiency of STEM competent workers. Within the current competitivebad|
marketplace, the four domains of science, technology, engineering and mathematics are
crucial parts of education. This highlighted the prominence of STEM education and its
impact on developing weducated skilled work force to push their countregs/ards
towards economic expansion (Ahmed, 2016). Thus, STEM is the key for shifting
countries and nations towards economic growth and sustainable development (Khuyen,

Bien, Lin, Lin & Chang., 2020).

STEM is an acronym generated from using the initiaf®of main disciplines
Science, Technology, Engineering, and Mathematics in ordef@éontoeducation and
practices in those fields (McDonald, 2016). STEM is an interdisciplinary cohesive
learning paradigm, where integration of these disciplines is the heart of STEM. Thus,
STEM removes the barriers between the four fields and introduces tlaenauthentic
context (Hom, 2014). The main goal of STEM education is to encourage school students

at an early age to have an interest in STEM subjects, whichewiand their



opportunities in the job market, and eventually, there will be a return ortrimesson

the overall country's economy.

Il n general, the term ASTEMO is wused
education policy and curriculum choices with an objective to improve competitiveness
in the development field of science and technol&JEM improves teaching practices
via remarkable alteration frodirect explanation and lecturing tiraditionalclassego

inquiry practices problem solving and project based learning-QDEghaidy &

A

w b

Mansour, 2015). Subsequently, STEM education enhancesl stnt s6 capac.i

become selindependent learners, critical thinkers, and support them to acquire social
communication and collaboration skills to use them in solving real life problems in an

increasingly technological and multifaceted internationalroamity (Ahmed, 2016).

It is worth mentioning that STEM education, which is based on an
interdisciplinary pragmatic approach, vary in its level of detail from one grade to the
other. Elementary schools focus on the introductory level of STEM subjects by
increasing the awareness of STEM fields and related occupations. In middle school, the
courses become more challenging while pursuing but with an advanced level the
awareness of STEM fields and its related occupations. At high school, it focuses on the

application andmerging the gap between 4school education anteyond school

empl oyment opportunities (Kanadl é, 2019) .

are now taking further steps by introducing the concept of STEM with an ultimate goal

to have graduas who are competent in various STEM fields.

History of STEM education

Il n 1957, and right after Russia | aunc

excessive rise of criticism occurred on the educational system in USA. Afterwards, and

specifically n 1983, several scientific reports on educations were published, yet, the most
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famous one was titles fAA Nataitomnatat RiRS lsd
considered arenergeticstimulus thatdirectedthe Educational Reform at USA, and
constructeda milestone in the American educational histdByt¢, Kelly, Adamson,
Bloom, Fossun& Gross, 2004 The report highlighted the failing of American schools
system, which set off a call of action for reforAh(ned, 2015

In late 1990s, and in accordancéhathe National Science Foundation (NFS)
political agenda, STEM education emerged for the first time in the USA (Sanders, 2009).
STEM was introduced as an essentedessity for bothrofessios andeconomiayrowth
to rise the total number of studemtko have a preference to STEM fields; for the sake of
ensuring Americads superiority in the glc

On the word oBlackley and Howell (2015), STEM wastially introduced as an
individual discipline. Then, engineering svadded to the scientiffeeld, whichresulted
in emergingof the STEM education concept. Later, the concept of integrated STEM
appeared as result of identifying the clear relations between the four domains. It was
primarily named SMET as an acronyronstucted by using the first letter of the
disciplines (Science, Mathematics, Engineering and Technology), but due to the
unpromising feedback on the name, it developed into STEM in 2001 (Sanders, 2009).
STEM used to describe an education or professioraitipes of those four disciplines
(Sanders, 2012). In recent years, other important fields were added to it, suthasd
humanities component t o i n tReadidgarc &rtstoh e n e
modi fy it t o fASTREAMO , Desighy modifying rnthe maroeyme u r s

eventuallt o 6 STEAMEDO (Kanadli, 2019) .

STEM Education Goals andimportance

The main purposes resulting from the merge of STEM education do have

political and pedagogical backgrounds. STEM aims at building the students capabilities



to become selindependent learners, by providing them with STEM topics, activities

and practices tit will enhance their critical thinking skills to develop positive attitudes
towards STEM education and in return, STEM careers (National Research Council,
2011). STEM aimed to satisfy studentsd | e
their learnig in a different authentic context, where they can find or invent new
solutions for real life problems based on their previous learnt and acquired skills
(Bl ackley & Howel |, 2015) . Thus, STEM en
world around them andhvolve them more in different learning procedsayice,

Havice, Waugamar& Walker, 2018). In other words, STEM aims towards increasing

the number of students involved in STEM education, deepen students understanding of
each discipline, encouraging samds to choose STEM careers in their future
professions, and raising students workforce skills to become STEM li{&atadli,

2019).

Many studiesadvocatethe promising of STEM education approach and its
significant effectiveness in well preparing stats to fit in the highevel global
marketing requirements (Chute, 2009; Daugherty, 2013; Sanders, 2012). In addition,
STEM education has a remarkable impacexpandings t u d e censudy skitisiby
concentratingon solving problens, creativity, collaboration, communication and
critical thinking. STEM reinforces the
thinkers, seHindependent, inventors, innovators and technologically literate
individuals (Morrison, 2006). Moreover, the application of STéddcation builds the
capacity of students by empowering their creativity and critical thinking skills.
Furthermore, several studies pointed out the promisifiectiveness of integrating

science and mat hemati cs i nstcachetemenmin i n r &



these fields (Havice et al., 2018usurkar, Ten Cate, Vos, Westers & Croiset, 2013;

Kanadli, 2018.

Definition of STEM Education:
BruceDavis, et al.,, (2014) and Al Basha, (2018) reported that there is

disagreement on a specidiefinition for STEM education, yet many researchers attempted
to provide definition that is developed along years.

In 2009, Morrison & Bartlett defined STEM education as an integrative agproa
to curriculum and instructional practicesharacterized by removing boundaries
between subject areas and taught them as one unit. Whilst Colorado Department of
Education defined it as an interdisciplinary learning approach in which various scientific
concepts are linked with authentic life less, where students implement different
disciplines in one context that allow them to construct relations and connections between
school and authentic community to help in developing economy (Tsupros, Kohler, &
Hallinen, 2009).

Later on, in 2013, Johnsatescribed STEM as integrated teaching instruction
that links both science and mathematics with scientific practices and engineering
designs. Further mor e, Kennedy and Odell
integration between subjects to eliminate thebare r s bet ween t hemo,
Capraro and Capraro (2014, p.88ted thaBTEMisia col | abor ati ve <co
knowl edge and skills of more than one are
Knowles (2016)describedSTEM as an approachahused to remove the barriers
between two or more of STEM domains to enrich the learning process by their
application in a context of a reldfie problem.

Regardless of the differences in the previous definitions, yet all of them show

some common aspeadn between; of which STEM is an interdisciplinary approach that



eliminates the boundaries between STEM domaimg] provide students with
opportunitiesto construct their own knowledge and concepts and develop and acquire

more skills to apply them in authentic context.

T e a ¢ hPerceptidns

Perceptions are grounded on a social cognitive theory accordivgrton &
Guerrero (2020)Social cognitive theory describes the own person's beliefs and how
they are going to reflect and influence their behaaod achievementdviartin &
Guerrero, 202D Additionally, regulation of the feelings, opinions and actions are
dependent on how the person perceives tiMarnt{n & Guerrero, 202D According to
social cognitive theory, the way a person acts is highlyented by the constructed
perceptions and expectations from their own life experiences and practices.
Moreover, researchers interpret the concept of perceptions in the scientific
educational field as an individual's mental or intellectual point of vieweas about a
specific topic or event (Aksa, 2015). If these perceptions coincide with scientific
interpretations, they are known as scientific perceptions, and if they contradict, then
they are called alternative perceptions (Al Anzi& Al Gabr, 2011).Zatmz & Kuenzi
(2012) believe that perceptions are active process by nature that are subject to several
factors. The most i mportant factor is the
In similar context, numerous studies highlighted the reldigtween different
|l earning contexts and teachersd percepti
concerns, and previous experiences. Such context, constructed an organized sequence
of relations betwe n t eacher 0st uadpepnrt osabc h le #eg, rtimeir n g ap
perceptions, and their learning outcom8skoom, Hanuscinand Faikhamta, 207;
Prosser &Trigwell, 1999Marton & Booth, 1997Biggs, 1999 . Accor di ngl vy,

perceptions have a prominent influence on their decisiaking, in addition to their



teaching approaches, which comes as a result from the impact of their direct
relationship with students (Trigwell, Prosser & Waterhouse, 1¥98\re (1) shows
the relation between teachersd perception

outcomes, as illustrated by Cope and Ward (2002).

Teachers’
perceptions of

Quality of

leaming \
Teachers’ Students’ .
students

v appl'oac!les to approac.hes to
teaching learning

A 4

A J

learning
outcomes

Teachers’
perceptions of
teaching

Figure (1) the rel atonsansbetweées ot eaahar 8@
adopted fom Sikoom et al. (207)

In the focus of STEM educatiomhe National Research CoundiRC) (2007)

stressed on the importance of teaching STEM at elementary level due to the early
studentsé devel opment of both perception
stage. Appleton (2003) pointed out that 1
own perceptions towards STEM can enhance or hinder their interest to teach STEM.
Therefore, the sense of transferring such attitudes from teachers to students, may lead
eventually that students build negative attitudes towards STEM. Accordingly, the
importance of improving knowledge of teachers in teaching STEM is of the same

importance of considering and improving their perceptions.



Hence, in order to reach a stage where STEM education acts as an engine to
increase STEM schools and teachers; there isoa peied to set a clear definition and
description to STEM to avoid any negative attitudes or perceptions that could be

associated with it as a term.

Consequently, i nvestigating teachersao
will provide correct informatiorthat will enrich the opportunity of developing new
learning experiences, and correcting misperceptions and wrong beliefs towards the

subject matter.

Teachers'Knowledge of STEM Education

I n the current study, t he f irceptians d o ma i
towards STEM education knowledge. Knowledge is an examining situation that
focuses on recalling, and recognizing of information related to a specific concept (Chan,

Yeh & Hsu, 2019). Additionally, Thomson (1998) defined knowledge as individual
awareness and familiarity of concepts, ideas, thoughts or objects of specific
information. In general, many scholarly research papers focused sigtifecanceof
teachersé knowledge to deliver effective
Guerriero,2017; Verloop, van Driel, & Meijer, 2001). In same vein, Allen, Webb, &
Matthews, 2016; Saxton et al., 2014; Srikoom et al., 2017 highlighted the prominence

of teachersé knowledge needed for an eff
teaching was descride as a group of teaching pract.i
knowledge such as; implementation of students centered pedagogies and engaging the
students in various inspired contexts (Chan et al., 2019).

Teachersd knowl edge f or lIdlkefwide cidhjiande STE]|
multidimensional to enable teachers to plan, implement, modify and reflect on their

STEM practices. Teachersé beliefs and pe

8



affect the transformation of knowledge into instructional practiceseblver, Chan et

al . (2019) highlighted the use of teacher
describe teachersdé own personal knowl edg
practices. Therefore, teacheinstdictidoandvl edge
practices.

Chan et al . (2019) =established a stru

teaching. The structure enclosed four main components of knowledge apart from
content knowledge. As shown in figure (2), the four knowledge compoeats
curriculum, pedagogy, assessment and students. These components can be specified to
a certain topic, domain, or can be generic in nature. In addition, there is variation in
guality of knowledge and concreteness which can vary from general to morgcspeci
detailed, as shown in figure (2) (Chan et
knowl edge varied according to different f
and their gained teaching experience (Chan et al, 2019). For instance teapleers

have an extended knowledge base that provides flexibility in retrieving knowledge for
teaching instructions and performance (Dreyfus & Dreyh®86. Similarly, expert

STEM teachers do not only have rich knowledge, yet they also have detailed a
contextualized knowledge that can be used in various authentiifeetdaching

contexts to provide a higher quality level of teaching (Chan et al., 2019).



- Abilities

- Affective
characteristics

= Prerequisite

knowledge

« Difficulties and
misconceptions,

* What to assess
* How to assess

Nature of Knowledge:

Specificity (Domain-general, discipline specific, topic-specific, concept-specific)
Quantity (From low in quantity to rich in quantity)

Concreteness (From vague and general to concrete and specific in details)

= Instructional
strategies

« Instructional

representations

+ Objectives
« Programs
= Curricular
saliency

J

Figure (2) Teacher knowledge for effective STEM teaching adopted from Chan et al.
(2019)

In the current study, STEM knowledgeovered different dimensions of
teachersodo information, such as: a) charac

STEM education, and c) instructional practices of STEM.

STEM Teaching Requirements

In the focusf this study STEM education ifoundedon constructivism theory
and integration paradigm practices. In both, teachiergonsiderethcilitators for the
learningenvironment ang@rocesswhere they providstudents wittauthentic learning
opportunities to enrich their learning experieneesdeepentheir understanding of
STEM contentdomains(EL-Deghaidy, Mansour, Alzaghibi, & Alhammad, 2017).
Moreover, teachers help students in constructing the relations betweenntiffere
disciplines and redlfe while working collaboratively within their teams and applying

their knowledge in redife problems to invent creative solutions.

Consequently, teachers and students are crucial elements in identifying STEM

teaching requirements. One of the vital elements of STEM teaching requirements is

10



changing teaching instructions to shift students from knowledge recipients to
knowledge producersa immersing students in inquiyased, practical, projeblased,

and problerrsolving practices that will improve their logical, creative, and critical
thinking skills (Alsmadi, 2020). Hence, there imecessityt o0 i mpr ovXds st ude
centuryandlif e skills; asthere is a necessity to train studesrsvarious skills such as

problem solving analytical thinking, creative thinking, making decisions,
entrepreneurship, teamwork and communication. Therefore, all these practices require

t e ac her sstandaeadiness forevarious STEM teaghiequirements (Alsmadi,

2020).

Impact of STEM Educationon St udentsd Outcomes

NRC (2014) conducted literature review regarding STEM education impact on
student séo | e aThay irapayted ahe tsignificaatgluence of STEM
education on both students and teachers
emphasized that learning outcomes of STEM education for students do include,
improvement in academic achievements, develop théfrc2htury skills, increase
s udent sdé6 number enrolled in STEM fiel dso
and increase in the interest of STEM, in addition to elevating the ability to express
understanding between different STEM disciplines. On the other hand, NRC (2011)
specifial that the learning outcomes for educators is evident in the effective
implementation of instructional strategies, which will increase engagement of students
in inquiry and design based learning, and the improvement of STEM pedagogical

content knowledge.

Additionall vy, STEM education enhances
skills such as life, psychomotor, problesolving, critical thinking, engineering and

design, inquiryand 2icent ury skills (Kanadl &, 2018) .

11



skills involve analytical thinking, creative thinking, decisioraking, entrepreneurship,
teamwork and communication. Whereas they definétc2mtury skills to encloses of
communication, collaboration, critical thinking, problem solving, creative thinking,
decisorma ki n g, and metacognition (¢Cepni &
acquiring these skills will reflect on both cognitive and personal development of
students, which will adapt them more to challenges in their professional lives in the

future (Ontard, 2016).

I n affective di mensi on, STEM educati

curiosity, which will enhance their motivation to learn. Motivation has a crucial

infl uence on educati on, because a studen

positive manner to their academic achievement (Kusurkar, Ten Cate, Vos, Westers &

Croiset, 2013; Kanadl i, 2018) . I n addi ti

development of responsibility, positive attitudes, -selfifidence, and raises their

awareness ofrealéf pr obl ems ( Kanadl é, 2018). Final

devel opment of studentsd positive attitud

an influence on increasing their interest in STEM careers in the future (Yildirim, 2016;

Niteetal. 20 7; Kanadl &, 2018) .

Challengeshinder STEM Implementation

In spite of the great focus on STEM education, yet there are several challenges

that hinder its i mplementation (Thibaut

identified the common limitatianin the inappropriateness of curricula, difficulty and
time-consuming in planning and implementation, difficulty to apply it in crowded
classes, and insufficient equipment and resources due to its high cost. Moreover,
Nadelson and Seifert (2017) stressbd need to restructure curriculums to align

constructively with the disciplinbased structure of STEM. Consequently, establishing
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a school environment that supports STEM education can bectmsming and

expensive (Nadelson and Seifert, 2067 n a2D18gHardy, 2001).

Moreover, schoolsd inability to provide ¢
should have a deep understandofghe four STEM disciplings ¢ o and eheirt
pedagogical practices (Thibaut et al., 2018; Eckman et al., 2016). A3-peghaidy

and Mansour (2015), teachers reported that from the challenges that hinder their
implementation to STEM, is their feeling of not being prepared enough to implement it
effectively in classes and their inadequate understanding of some discgili@€EM

such as ATechnologyo and its interaction
(2012) specified that teacherds beliefs,

mindset, could be another crucial challenge of implementing STEM.

STEM ProfessionalDevelopment Programs

Reviewing literaturerelated tothe positiveeffect of professional development
programs on both practices of teachers a
characteristics and the provided professi
al., 2013; Capraro et al., 2016). On Contrast, lawality programs have insignificant
i mpact on studentsd outcomes (Nadel son e
guality professional development program, its design should be constructed according to
the teacher 6s needs g amdsnsledestthe pddagagy (Du et al.t Kt

2018).

Desi mone (2009) suggested a fAcore conc
effective professional development programs. The core conceptual framework is based on
five key features that has greatimpach t eacher s6é practices an
al. (2017) stated five kefactorsas follow: content focus in which the program should

concentraten the real content that the teacher is going to implement later. Second, is the
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active learning; inwhic t he teacher has an opportunit
within the workshop to help them reflect and evaluate the best ways to teach and enhance
learning. Third key feature is the coherence, in which the program alignment is compatible
withthem |l i cy of the schools that facilitate
duration of the program, which should be 80 hours along the academic year; so teachers
can implement and reflect on their implementation to improve it. Finally, the thedlec
participation that allows teachers from the same grade level or same subject to interact
through the program and share their experiences together; which eventually has a great

influence on advance developing of their teaching practices ( Johnsqr2et.).

I n STEM, many studies such as Rinke, (
(2016) and Johnson et al. (2017) specified in their findings that the main factor for building
STEM professional development program apart from STEM content is STEMaugckg
skills. Recent researchers and academics such as (Al Aitebey, 2018; Al Anzi& Al Gabr,
2017; Du et al., 2018; Wang et al., 2011; Nadelson, 2013) stepped forwapjsaising
the effect of STEM professional development programs on changing sceece h er s 6
perceptions. All of them confirmed the positive impact of different STEM programs on
changing teacher so perceptions and prac
implementatior(Wang et al, 2011, Al Aitebey, 2018; Al Anzi& Al Gabr, 2017; Nadelson,

2013 Du et al, 2018).

STEM in the Elementary Curriculum

Several recommendations from STEM education literature reported that
|l earning STEM should start at el ementary
basic knowledge and skills, whichwilltac as a cruci al factor fc
high schools (Belden, Lien and Nelsbasek, 2010; Aydin, 2020). Brenneman (2014)

elaborated that implementation of STEM education from elementary stage guarantees
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the knowledge development of different didicips, and improvement of humerous

skills such as mathematics and reading skills that are considered as a base for
scientifically I|literate students. Further
l earning and student s owilielntnate thesgender gapiS8 TEM f
STEM fields (Xie, Fang and Shauman, 2015; Belden, Lien and N8lseak, 2010,

Aydin, 2020).

In the State of Qatar, the new science curriculum developed in 2018 is aligned
with the objectives of Qatar National Curriculummafmework (QNCF) to ensure
students gain science knowledge, and develop skills and positive attitudes; to achieve
the goals and outcomes of the education system. The major key changes to science
curriculum enclose assimilation of skills and processes etexkto scientific inquiry
into other strands named competency. Competencies in science includes five main
components: Inquiry and Research, Communication, Critical and Creative Thinking,
Co-operation and Participation, and finally Problsolving (Qatar Science
Curriculum, 2018)

The mainaim of the Science curriculum is weliver a valuable educational
experience for all students within and beyond school. Moreover, enable them to develop
positive attitudes and develop essential skills and knowledge. In response, students will
becane adive, corfident and resporsible citizensin theglobalbased ecanomy andwill
becomewell preparedas lif dong leaneas who are sciertifically literate in the 21°
Century (Qatar Science Curriculum, 2018).

Additionally, scienceis adynamic andcollaborative humanendeavor with links
with other subjects and aoss cutting issues as identified in the QNCF. Frequently
science issues may intersect in one or more subjects or areaswithin their context.

These crosscutting issues may provide appopriate learning corext and deepenthe
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understanding of scienceand its intersectionwith other subject areas (Qatar Science
Curriculum, 2018).

Several factors are considerad an opportunity for implementing STEM
education within current science curriculum. Science curriculum stems from scientific
inquiry and key competences in science learning that is aligned with main practices and
STEM skills (Qatar Science Curculum, 2018) In addition, science curriculum is
based on inquirpased strategies that engages students in meaningful learning
experiences that cultivates their interest and curiosity and provides new authentic
experiences for students beyond scheakhing. Furthermore, the presence of cross
cutting issues; deepens the understanding of scientific concepts through different
disciplines (Qatar Science Curriculum, 2018). However, it is worth mentioning that

STEM was not stated in the curriculum standasflelementary stage.

STEM Education in Qatari context

The State of Qatar has occupied broad paces in shifting its society into regional
educational hub via reform of its full educational system (GSDP, 2012). In late 90s,
there was huge dissatisfactisith the educational system in the State of Qatar, which
was highlighted in the lowguality outcomes of the Qatari students and their academic
achievement, attending college and meeting successful standards of labor market.
Consequently, the leadershagsigned RAND Corporation to evaluate the education
system from kindergarten through grade 12 and to design reform plans to help in
gualifying Qatar to meet its need and to be aligned with global starn(@xedger et al.,

2007) Subsequently, as per Qatar National Vision 2030, the State of Qatar targeted
specific goals to be achieved by year 2030 to shift from hydrocarbon economy
dependence to the knowledgased economy where STEM field is a major focus of

these plang¢Sellami et al., 2017)
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Several studies such as (GSDP 2011; Shediac & Samman Sellami et al., 2017,
Abdulwahed et al., 2013) reported shortage of qualified Qatari citizens in STEM fields.
Currently, theworkforce relies mainly on the foreign experts rather than Qatari
nationals (Sellami et al., 2017). Similar to the Arab Gulf states, the State of Qatar
countered this insufficiency by hiring qualified workers from all over the world
(Sellami et al., 2017)On the other hand, there is great focus highlighted from
educational reforms on the importance of STEM education as a foundation asset for
constructing the future of Qatari knowledge society (Oxford Strategic Consulting,

2015, 2016; Sellami et al., 201Barnett, 2015; Wiseman et al., 2014).

Consequently, the Ministry of Education and Higher Education (MOEHE) in
the State of Qatar adopted the initiative of STEM projects to reflect on the first pillar in
human development and the second pillar in econalevelopment of the strategic
planning of Qatar Vision 2030 (QNV 2030). Correspondingly, MOE4#tempts to
achieve the strategic goal to raise the percentage of secondary school students enrolled
in STEM specialized fields byeveloping the vision of Qat&cience and Technology
Secondary SchodQSTSS) which was open 2#018. Moreover, the project of QSTSS
has been finalized in accordance to its operational plan by the announcement of
receiving the international aanamdehdi t at i
inauguration of grade 11 starting of the academic year-Z020L (AtKhater, 2021).
In addition, there has been an opening to the first technical school for girls, and there is
an intention to open two extra schools for STEM for both gendbeinear future (Al
Khater, 2021). Lastlythe Education Affairs Sector of the MOEHE revealed the launch
of new initiative for horizontal expansion of the STEM education in public schools via
the implementation of various STEM programs in primary, preparaand secondary

schools.
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Therefore, to accommodate this new initiative for horizontal expansion of
STEM education in public schools in the S
perceptions towards STEM education in primary public schoolsb@itn initial step
for providing useful information to enrich the effective STEM implementation in the

future.

1.1 Research Problem

Theresults of primary students at public schools in National Exams {201'B)
indicated student séand skilg inlMath ald SaehcSckoolo wl e d
Evaluation Departmentvaluation Affairs Sector, 2018Moreover, Qatar contributed in
theTrends in Mathematics and Science AchievemE&iMES) for four years (2007, 2011,

2015 and 2019) to gain a clear insightsof udent sé knowl edge and
and mathematics. TIMSS 2019 reported that there is an improvement in the average
achievement across the assessment years in both subjects for grade four students. However,
the results of TIMSS 2019 highlighite t hat Qat ar 6s per for mance

level compared to other countries (Mullis, Martin, Foy, Kelly & Fishbein, 2020).

As per thesummary of education report for the academic year (201B), it is
highly recommended t o rai se student so o]
Additionally, the report called for the a
instructions, whictpointed out the crucial necessity to improve the instructional methods
to enhance studentsd abil it i(8chool&wathatianh ei r
Department Evaluation Affairs Sector, 2018)herefore, MOEHE in Qatar sustains
professional deslopment opportunities for teachers to keep tlvempatible withmost
effective and updated instructional methods and improve their performance, which will be
reflected on studentsodé outcomes in gener 8

exams a TIMSS in specific.
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To this end, MOEHEadopted the initiative of STEM education in Qatar. STEM
education causes a fundamental transformation in classrooms. It shifts them into creative,
integrated disciplines nat umaditator affedrningo nv e |
process who guides students towards exploration, investigation, problem solving and
enhance their motivation to think critically to develop different creative solutions for real
life challenging problems (Ahmed, 2016). Accordinghy2018 MOEHE established Qatar
Science and Technology Secondary School (QSTSS), which is specialized in STEM
education. QSTSS aimed at providing learning outcomes that possessnfiry skills
and raising the percentage of secondary school studentteériro STEM specialized
fields. Consistently, the Education Affairs Sector of the MOEHE revealed the launch of a
new initiative for horizontal expansion of the STEM education in public schools via the
implementation of various STEM programs in primarggaratory, and secondary public

schools

Additionally, findings from previous literatuspecifiedt hat t eacher s 6
STEM education are strongly affected by their perceptions, which arose from their level of
understanding of integration betweerTE3/ disciplines and demanding teaching
requirements (EDeghaidy & Mansour, 2015; Ambo Saedey;Hdrthy &Al Shehemy,
2015; Wang, Moor e, Roehrig& Par k, 2011) .
STEM education will provide valuable input for demghg new learning experiences, and
sustaining STEM deployment (Khuyen et al., 2020). In a similar vein, there are several
studies on science teachersé perception i
the studies published in MENA region weteonduct ed on KSA teac!l
except for AL Basha (2018) which was conducted in UAE,Eaglyan and Al Shizawi
(2019) in Sultanate of Oman. Accordinglyto the Researcher's knowledgéere is still

an urgent need for more research worlkhas topic using different approaches in the Arab
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region in general and in Qatar in specific.

Therefore, the current study fills a gap in STEM education research field, generally
in MENA, Arab region and in Qatar specifically, as it targets to investuyatery science
teachersodé perceptions towards STEM educat
its implementation in primary public schools in the State of Qatar. Additionally, it will
identify i f there i s an yatedta differanhvareablas sucht e a c
as gender, their educational background, their teaching experience, received professional

development programs and STEM teaching experience.

1.2 Research Questions:

This research study aimed to answer the following reseprestions:

1. What are science teachersod6 perceptions |
schools in Qatar?

This guestion will be answered through the following-qubstions:

. What are sci ence oftSEEMcedueation knowedge me pt i o
Qatari public primary schools?
i. What are sci enc e of SN tehchimgseguirgmentsdre pt i o
Qatari public primary schools?
. What are sci enc eoftheimpadid STEM edpcatiocomp t i o n
st udent s i Qatan public pnimary schools?
i. What are the sci en ttke chakengeshfacingsSTEMp er c e
implementation in Qatari primary public schools?
2. Doscience teacherso6 perceptduetcmmgendérowar d
or educational backgund or teaching experience or the received professional

development or STEM teaching experiehce
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To answer this question, the study will examine the following statistical question:
Are there any statistical significant differende$) = [ th€ @imay science
teacherséo perceptions due t o gender ,
experience, the received professional development programs, STEM teaching

experience?

1.3 Research Objectives:

1. |l denti fy science teacheans@ubligprimarne pt i o
schools in Qatar, regarding four main domains: STEM education knowledge,
STEM teaching requirements, t he I mp a

outcome and the challenges that may hamper its implementations.

2. Assess the significant differences am
demographic variables such as gender, educational background, teaching
experience, the provided STEM professional development programs and STEM

teaching experience.

1.4 Research $gnificance:

First, the significant of this study attributed to the contribution of its findings to
STEM field with empirical data from science teachers in the primary public schools of
Qatar. Additionally, its results would provide clear undersdlai ng of S ci ence
perceptions towards STEM education, which is a primary step in effective implementing
of STEM education in primary public schooMoreover, research results would update
stakeholders and policy makers on challenges that may ifaceanplementation.
Furthermore, it would provide recommendations to introduce new professional
development programs for-gervice teachers. Moreover, it will highlight the historical
and theoretical background of STEM education. Finally, it will fi# tturrent literature

gap regarding teachersd perceptions of S
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ot her researchers to conduct further stud

other grade levels.

1.5 Theoretical Framework:

Theoretical framework of STEM education stemmed on both social
constructivism theory and instructional practices as shown in figure (3) (Thibaut et al.,

2018).

Design based |l collaborative
learning learning

STEM centered
content learning

Social Consturctivism Theory

Figure (3) Theoretical framework for STEM education adopted from Thibaut et al.
(2018)

1.5.1 Social Consuctivist by lev Vygotsky

Constructivism is a huge theory usually used in educational community,
whenever there is a school discussion related to methods for teaching and learning
(Powell & Kalina, 2009) Most of classrooms encompass two major types of

constructivism named as cognitive constructivism and social constructivism.

Cognitive constructivism resulted from Piaget's work. He empladizat
learning is constructed, where new knowledge built on the existing knowledge and
expanded more through various learning experiences, so it become meaningful and
more relevant (Phillips, 1995). It is hard to explore the scopes and differences of

congructivism, but the most extensive interpretation is that constructivism enhanced
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teaching to be students centered and ingo@sed oriented. Constructivism approaches
encompass students investigating authentic problems, analyzing and discuss findings,

thinking critically, making new connections and exploring new concepts.

Subsequent to Piagetds cognitive const
the social constructivism and became the father of this highly effective theory. He
believed that social teraction is a vital part of learning. Social constructivism was
established based on the social communications and various interactions of students
aligned to their individual critical thinking(Powell & Kalina, 2009) Social
constructivist emphasized on the importance of cooperative work between learners,
where they discover and explore different resources and use them in -baséy
experence (Vygotsky, 1978; Powel | & Kalina
enclosed cooperatively in both social constructivism and language development such
as the zone of proximal development, social interaction and cognitive dialogue
(Vygotsky, 1962). Conclsi vel vy, Vygot skydés theory est

effective classrooms where the social interaction is cr(@ie@vell & Kalina, 2009)

I n STEM education, t he i ntegration
constructing new connections and relations between various(ieleBeghaidy et al.,
2017. According to brain research, developing significant connections between
previous and new knowledge and between different disciplines provide a great
opportunity to develop schemas that enhance cognitive skills and deepen the learning
(Beane, 1996). @nsequently, STEM education supports constructivist approaches in
learning, where teachers act as a facilitator for the learning process by scaffolding
studentsod6 | earning (Becker & PabDdghaid2011;

et al., 2017).
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1.5.2STEM Instructional Practices

STEM education depends on various instructional practices such as integration
of STEM contentas well as problersentered learningnquiry-based learning, and
design based learning, and promoting collaboration to corstedents with their

authentic community (Kennedy & Odell 2014; Thibaut et al., 2018).

Integration of STEM content

Integrated curriculum development was highly supported by Susan Drake in
1980 and 1990s. Il nt egr at ed c ucrachiewemdntu ms
in comparison to their achievementimdividual disciplines (Drake and Burns, 2004).
Drake classifed integration into three main categor@scording to the degree of
separation between discipline areas; multidisciplinary, interdisciglinand

transdisciplinary as shown in figure (4).

o
- L
\ V = ‘
[—
Multidisciplinary Interdisciplinary Transdisciplinary

>

Figure 4: Continuum of Integration. Adapted from Drake (1991).

Multidisciplinary approach encloses different subjects within a definite theme

activity. This theme exploration is from multidiscipline dimensions where the
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knowledge and skills are merged within certain curricula as in figure (5). In this
approach, iderfied concepts from different disciplines and several skills are acquired
individually within separate discipline; later students start linking the content from
different disciplines on their own (Wang et al., 2011). Moreover, interdisciplinary
approach inwhich there is obvious overlapping and connections between different
subjectsdé content, while curriculum organ
to express numerous skills and concepts as in figure (6). An interdisciplinary approach
usually stated with authentic world problem aethphasi®n interdisciplinary content

and skills such as problem solving and critical thinking, rather than individual subject
content and skills (Wang et al., 2011). Furthermore, transdisciplinary integration in
which there is no real barriers between subject areas and curriculum organization based

on authentic |ife contexts where students

figure (7).

English Science

Theme

Concepts

Theme
= i \ _Intferdisc_iplinary Skills (e.g., Iiterac\,_',
thinking skills, numeracy, research skills)
History Geography
Figure (5) Multidisciplinary pproach Figure (6) Interdisciplinary
according tdrake (1991) according tdDrake (1991)
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Thamea

Concapls
Life Skills
Real-World Contest

Student Questions

Figure (7) Transdisciplinary approach according to Drake (1991)

Integration in STEM education advocates building connections between
different STEM disciplines. There are two approaches of integration in STEM
education: content integration and context integration (Moore & Smith, 2014). Content
integration aims at fusgthe different disciplines into single curricular unit to focus
the main concept from multidimensional content ared®reasn context integration
the focus is on the content of single discipline and use the contexts from other
disciplines as motivatintpols to increase the significant of the content (Roehrig et al.

, 2012). Accordingly, STEM curricula established on these integration approaches
encompass digital formatting, inquiry, probldrased learning, constructivist teaching

instructions, interdigplinary approach and design based learning (Al Basha, 2009).

Many research such as (Satchwell and Loepp 2002; Person, 2017; Shahali et al.,
2017; Stump et al., 2016) highlight the prominence of explicitly integrating concepts
from different STEM disciphes as students cannot suddenly integrate concepts via
various illustrations and resources on their own. Thus, intended scaffolding for students

to construct new knowledge and acquires new skills among different fields must be
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highly supported (Person, 20). On other hand, (Guzey et al., 2016; Pearson, 2017)
reported that integration in STEM should be on purpose and meaningful, and students
should be supported to build their knowledge in individual disciplines, so they deepen
their understanding of conaspn individual disciplines and therefore connect concepts

across different disciplines.

Problem centered learning

Problemcentered learning require using authentic world problems within an
engaging context (Thibaut et al., 2018). It focuses on impi&tien and transmission
of knowledge in authentic contexts, where probkotving skills are clearly
recognized as an added outcome (Merrill, 2007; van Merriénboer and Kirschner, 2007).
It also encloses both projeloased learning and probleopased learmg. Both
approaches are common in using 4ldal problems, students centered learning,
enhancing active learning, despite the existence of some difference (Ashgar et al.,

2012).

STEM Projectbased learning (PBL) is defined as an gnétive approach
comnonly interdisciplinaryusuallyinitiatedwith a task to solve a definite problem by
investigating and innovating solutions and designs to create products (Han et al., 2015;
Capraro and Slough, 2013). Kokotaski, Menzies, and Wiggins (2016) highlighted the
impact of PBL in enhancing studentsod high
challenges occurred during the creation of different designs; this will in turn increase
studentsod intrinsic motivation an@5)i ndepe
specified that PBL help students in developing cooperation, communication,
collaboration, critical and creative thinking skills. In addition, PBL follows the
engineering design process, which enhances the development of metacognitive skills

via trial and error (Hall and Miro, 2016).
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In contrast, there is no product in probkeesed learning, however students
identify and describe the problem on their own, and present a new solution for this
problem. Thus, probleth ased | ear ni ng iblerpsolengskilsbyt udent
experiencing authentic opeamded problems. Despite the differences between project
based learning and problepased learning, bothad mutual aspect including the
requirements of the introduced problems to be apated, authentic, unstructured,
reaklife authentigoroblems (Burrows et al., 2014; Satchwell and Loepp, 2002; Shahali
et al., 2017). Such problems reflects challenges faced byistsearid engineers in real
l'ife and aim to enhance | earners6 innovat

contexts (Ashgar et al, 2012).

Inquiry based learning (IBL)

Inquiry-based learning is a crucial instructional practice of STEM edurcatio
Although it is considered the heart of science education, it is not restricted to this
domain and can be implemented in different contexts such as mathematical or
technological contexts (Satchwell and Loepp, 2002). It engages students in authentic
pracices to discover new concepts and build on their prior knowledge to deepen their
understanding through engaging haodsactivities (Satchwell and Loepp, 2002).
Inquiry-based learning based on constructivism theory, as it enhances knowledge
constructiontrough investigational learning (Wells, 2016).

Wells (2016) highlighted the important aspects of ingbaged learning. It is
always initiated with questioning, where students are stimulateddpging questions
to review their prior knowledge on thegated topic to define the main problem and
identify thenew conceptandknowledgerequiredto investigate (Stump et al., 2016;
Wells, 2016). Accordingly, students are motivated to make predictions, design

experiments to test their hypothesis, obseredlect data, analyze it, explain their
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findings and develop new concepts (Satchwell and Loepp, 2002; Stump et al., 2016;
Wells, 2016). Furthermore, studestsould be engaged scientificargumentation and
discussionwhere they clainand justify them basd on their data (Macdonald, 2016).
Students are not restricted to investigate new concepts through investigation only; they
need to apply their new concepts in different contexts to demonstrate their deep
understanding (Satchwell and Loepp, 2002). Finédisichers guide students by asking
guestions to redirect their thinking, discover flaws in their process or design and help
them to analyze their finding to discover new concepts (James et al., 2000; Satchwell

and Loepp, 2002; Buck et al., 2008).

Designbased learning

Design based learning refers to the application of technological or engineering
design (Thibaut et al., 2018) One of the main goals of STEM education is engaging
students in actively engineering challenges. Engineering challenges offer students an
opportunity to learn more about process and practicemgheering design, and to
expanding their understandiof various concepts through different disciplines (Guzey
et al., 2016; Hernandez et al., 2013; Shahali et al., 2016). Thus, engineering design
practices empower knowledge of students in different STEM disciplines, as it builds
clear connections betweamontent knowledge, abstract knowledge and application

(Riskowski et al., 2009).

Engineering design challenges are characterized by being authentic,
multidisciplinary, and opeended (Shahali et al., 2016). Marulcu and Barnett (2016)
identified that enginering practices construct connections with community and societal
needs due to their authentic nature. Moreover, Guzey et al. (2016) indicated that
engineering design challenges allows students to investigate, use information, search

for more informationd develop solutions and test their designs. Thus, engineering and
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scientific inquiry practices cannot be separated as per Krajcik and Delen (2017) as they
share several phases. Engineering design process as shown in figure (8) involves several
phases suchs questioning, defining problem, searching and design a model, building
and testing model, evaluating the model, and lastly adjusting and redesigning (Bryan et

al., 2015; Wells, 2016).

Define Problem
& Empathizc

|

Brainstorm &
Research

|

Design
Build
Redesign Test &

Ewvaluate

— e -
|

Share Solution

Figure (8) engineering design process (agted from Lesseig, etl. 2016)

Finally, engineering design process motivates students to manage threats, learn
from their mistakes and consider their prior experiences and practices (Bryan et al.,

2015; Guzey et al., 2016).
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Collaboration learning

STEM education involves the contribution of collaboration and teamwork.
STEM education guarantees that students can learn by fun, which will actively engage
them in learning process within their cooperative groups (Land, 2013). According to
NRC (2011), e ct i ve STEM education should focus
previous experience to build on it. Thus
participation within their groups via using various practices such as inquiry, problem
solving, constructiist teaching approach and performance based (Land, 2013). Guzey
et al. (2016) stressed on the need to provide students with necessary time and multiple
chances to allow their involvement in teamwork, which will improve their
communication and social skillsurthermore, (Bryan et al., 2015; Roehrig et al., 2012;
Stohlmann et al., 2011) highlighted theominenceto enhance the communication
skills by encouraging students to communicate different STEM discipline concepts via
listening, reading, writing angbsaking. Last, positive interdependence is crucial aspect
between group members because students should work within their groups only on
compatible tasks to their cooperative learning (Ashgar, ,e2Gl?. Thibaut et al.
(2018)pointed out that achievement of positive interdependence could be via assigning
tasks that cannot be achiemMadividually, sharing resources through different activities

and tasks and rewards for successful interdependence.

1.6 Operational Definition:

STEM education: is an approach interdisciplinary in nature, used to remove
the barriers between STEM domains (science, technology, engineering and
mathematics) to enrich the learning process by their application in a context of

a reallife problem.
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Perceptions:it as a st of opinions and ideas constructed by individadlsut
specific topicthrough their own experiences and practices, resulted in ideas
produced during the research process.

Knowledge: individual awareness and familiarity of concepts, ideas, thoughts

or objects of specific information.

1.7 Limitations of the Study

This study has one limitation where focus groups were planned to include four
to five participants within each group, but the Celfl pandemic vented this

composition of focus groups, so omsoups of thee participants were convened.
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Chapter Two: Literature Review

The current study investigated scienc
educati on. This chapter addresses reviewi
towards STEM. The first section explores the studies that were conducted within the
MENA (Middle East and North Africa) region, while the second section focuses on
studies implemented in other regions. Moreover, the presentation of the literature

follows upward timeline of publication dates from the old to the recent.
2.1 Studies in MENA Region:

E- Deghaidy & Mansour (2015) tackl ed
perceptions towards STEM education and its integrative nature and identified the
required aspects that facilitate and hamper STEM implementation in Saudi schools. The
study elicits scienceeta c her s6 perceptions wusing qual.
focus group, teacheeflection and interview protocol were the instrumefus
collecing qualitative dataResultsreported that teachers' perceptions influence their
implementation of STEMeducation, especially upon understanding the nature and
interaction of science and technolodydditionally, teachers believe that inclusion of
STEM may require a school culture that emphasizes the exchange of experiences and
the ongoingliscussioramongteachers and school management. The study highlighted
some recommendations that could enhance a professional development model of
different pedagogical content knowledge according to teatheeslto enhance the
implementation of STEM education in class.

As for Al Anzi and Al Gabr (2017), the study attempted to evaluate science
t eacher s olevpl®wacds PTEM and its relation to several variables such as
teaching experience and teaching grade level. The researchers applied the descriptive

approachThey wused a fAsurveyo as the main ins
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consisted of two main sections: STEM knowledge, and STEM teaching requirements.
The questionnaire was implemented on a random sample of 136 science teachers in
Medina. Analysis of datindicated that there was high perceptions| ferwathltested
domains;STEM knowledge and its teaching requirements. Moreover, results reported
thatthe absence dftatistically significant differences between teachers according to
their teaching expeéence. On contrast, there were significant differences due to the
teaching grade level for science teachers. The study recommended implementing more
training workshops to clarify the characteristic nature of STEM and its planning and
implementations withi science instructions. In addition, the study suggested to focus
on i mpl ementing mor e progr ams for t each
interdisciplinary and in science curriculum.

Similarly, AL Aitebey (2018) used a
perceptions level towards STEM at Afif Province in (KSA). The researcher used the
descriptive approach. The questionnaire consisted of 30 statements with two main
sections: Teachers6é perceptions about ST
about STEM teehing requirements. The sample included 28chers for algrade
levels. The findings reportete presence atatistically significant difference between
genders in teachers' perceptions of STEM on the side of female teachers, in addition to
presence foa statistical significant level of (0.01) in teachers' perceptions of STEM
according to their specialty. At the end, the researcher recommended implementing
more studies on the i mpact of STEM traini

Furthermore, a rent study by Al Basha (2018) examineSTEMs u b j ect s 6
teachergerceptions and implementatipnacticesn American schools in the United
Arab of Emirates (UAE). The studynplementeda mixed method approador

collecting data. A sample of 144 in serviteachers were surveyed to assess their
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perceptions and practices, followed by individual interviews with some teachers. The
results pointed out that most of STEM t ea
education. Projeebased learning is frequeyptlised to implement STEM as a part of
curricula or as a monthly activity. Findings showed that engineering concepts were
presented while engineering practices were understated. The findings revealed the need

of further under st amrahtepiggandorfstrustians forefiestived i s c i
collaboration. Generally, teachers from both middle and secondary schools in the UAE
showedconstructiveperceptions of STEM more than elementary teachers, which was
reflected on their implementation.

In a major adance in 2019, Madani and Forawi used parallel mixed method to
examine teacherdés perceptions and practi
Mat hemati cs i n KSA. The researchers use
observations for collecting qualitaé data and a questionnaire for collecting
guantitative data. The sample consists of 547 high school mathematical and science
teachers. Findings indicated that there is a need to clarify what should STEM education
look like. In addition, the study identil the main points that are considered pace
towards i mplementation of STEM educati on,
facilitator, train students to use different resources to attain knowledge required for
solving real life problems, and provide administrator support via effective prafabsio
development programs. Conclusion from qualitative and quantitative analysis verified
that teachers have positive perceptions towards STEM education in terms of increasing
their confident upon dealing with new math and science curricula, implemeraétion
STEM instructional practices, and their ability to manage whole class students in
projects based activities. Moreover, there is no difference in teachers perceptions in

relation to gender or educational qualification , while the differences is reported
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relation to teaching experience in favor to teachers with high teaching experience. The
major recommendation for the Ministry of Education to increase STEM concepts
experience among students and teachers at all levels.

In the same vein, Elayyan and-Ahizawi (2019) study focused examining
science teachersdé6 perceptions of integrat
in the Sultanate of Oman. A descriptive methodology was implemented using 19 items
guestionnaireTargeted sampleonsisted of 14%cience teachers (71 males and 76
females). Findings indicated high perceptions of science teachers towards integrating
STEM in teaching science. The study recommended modifying science curricula by
adding engineering design process to it, and implengmtiore workshops to train
teachers on formulating questions within real problem contexts.

Moreover, Al Salamat (2019) examined the perceptions of science teachers in
KSA secondary schools on STEM integration and identified if there are any statistical
significant differences in these perceptions concerning teaching background, teaching
experience and specialty. A Questionnaire was used to identify the perceptions of 56
male science teachers from Secondary schools in Taaif. Results showed the presence
of high perceptions towards STEM integration. In addition to the presence of
statistically significant difference in reference to teachers of postgraduate studies and
higher teaching experience. Finally, there was no difference attributed to the science
specidty.

Finally, Madani (2020) i nvestigated
perceptions on STEM implementation in Jeddah secondary schools in KSA. The
researcher used the interviews and classroom observations to collect qualitative data
from eight teachear Results pointed out that there was a degree of imprecision in both

science and mathematics teachersod6é definit
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and its practices. Moreover, the new teaching strategies used in the new curricula as per
recommendatiomy the Ministry of Education were equivalent to effective teaching

practices required for successful STEM education implementation.
2.2 Studies in Other Regions:

In similar context to the above studies in MENA region, Wang et al. (2011)
piloted a case study on three teachergiéepen understanding bfe ac her 6 s bel
perceptions and classroom practices using STEM integiimmachThe researchers
purposefully selected the sample from middle school teachers who received STEM
integration pofessional development program for one year, to represent science, math
and engineering teachers. Qualitative and quantitative data colleitefdocument
analysis, classroom observations and teacher intervi@wstant comparativeethod
was used to alyze dataFindingsfrom the study stated that the key component to
integrate STEM discipline is the use of problem solving approach. Teachers had
different perceptions of STEM disciplines integration according to their specialty. The
hardest disciplinectintegrate was the technology. Teachers were aware of their needs
to increase the content knowledge in their STEM integration practices.

Moreover, Brown, Brown , Reardon and Merrill (2011) used the survey on their
study to explordothteachersandadi ni st ratorsdé perceptions
Qualitative data was a result of interviewing 172 teachers from different fields (Science,
Math & Technology) and administrators. The research concluded that teachers need
further understanding for STEM educatjaas there was no clear vision for STEM
education even for teachers who believe of its importance. Finally, a minor sign of
STEM existence in the school appeared in the survey, and that highlighted the absence

of collaboration among teachers.
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Furthermorein 2013 Nadelson et al. made further investigationgmpact of
STEM-based professional development programs on the perception and preparation of
STEM teachers at the primary level. The researchers designed and implemented a
STEM-based questionnaire eddress teachers' confidence, knowledge, perceptions
and seHefficacy in teaching inquifpased STEM. The study followed the
experimental approach of two independent
year period. The sample consists of 33 teesliromdiverseprimary schools in the
southern United States of America. The researchers used four types of pre/post
guestionnaires to collect data on teachers' confidence, knowledge and effectiveness in
teaching STEM, as well as the change in theitualéis after the implementation of the
program. The resulténdicated a significant impact of the training prograon
developing the level and capabilities of all teachers in teaching STEM. In addition,
findings revealed that confidence, knowledge and &¥ieess have increased among
teachers. The twgear outcomes also emphasized the positive impact of-t&hort
professional development programs on the knowledge, perceptions and effectiveness
of teacher practices of STEM.

In the same vein, Bell (2016) gored how design and technology teachers
perceive STEM and identified the range of variation in their perceptions regarding
design and technology pedagogy. The researcher adopted phenomenography
met hodol ogy to expl or e t e auoderstandirig ofmmenr cept i
dualistic ontological approach. Nineteen interviews were conducted, followed by data
analysis to construct empirically grounded outcome. Findings from analysis highlighted
t hat teacherés perceptions obKnowkedg&Evsls and p
correlated to efficiency of their STEM practices in their own classrooms. Conclusion

emphasized that in order tevelop wellSTEM literatestudents all STEM subject
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teachersmust besustainedto discover different meansfor developing reciprocal
arrangements with their STEM counterparts.

Moreover, Siew, Amir and Chong (2015) examined 25 preservice and 21 in
service Malaysian science t eacbasedSIEM per ce
approach in science teaching.eTtesearcher adopted the mixed method approach to
gather qualitative and quantitative data from the sample before and after their
participation in a tweday professional developmemtogramthat exposed teachers to
a STEMPBL approach in teaching scienéestruments included surveys, interviews,
openended questions, and classroom discussion. ReseMsaled that STEM
professional devel opment wor kshops had
perceptions. In addition, the professional development providddr understanding
of the required support needed to 1 mpr o
projectbased STEM approaches in teaching science at their schools. Moreover, there
is a necessity for developing more STHislsed training programs, whiattempted to
target planning, instruction, content of STEM, assessment and higher thinking skills.

Final recommendation proposed participation of all education stakeholders, teachers,
Ministry of Education, STEMelated agencies, universities, expertssoitblars in the
journey of producing STEMompetent students.

In similar vein, Smith, Rayfield and McKim (2015) investigated in a more
specialized branch of science. They inve:
and assessed their confidence tegnating STEM main domain in agricultural courses,
in conjunction with their perceptions and implementation of STEM integration
instructional methods. Stratified random sample of 280 teachers representing the
American Associations for Agriculture Educaticegions Self-reported onlinesurvey

was used to collect quantitative data from participants. Findings showed that teachers

39



had high perception for the fodomainareas of STEM. Moreover, they have high
confidence levels upon integrating both scienaraathematics, while showed lower
confidence regarding technology and engineering. Furthermore, differences were
reported between gender, confidence integrating engineering, and perceptions
regarding instructional method effectiveness. Main recommendatiased on further
investigation for integrated STEM instructional methods from stakeholders. In addition

to further examination of di fferent ways
effective instructional methods for STEM concepts.

In similar conéxt, in 2016 Park, Byun, Han & Baek adopted descriptive method
to investigate perceptions and practices of STEAM teachers (science, technology,
engineering, arts, and mathematics) in South Korea. The researchers used a survey for
STEAM teachers in model Bools. Data analysis reported that the mainstream of
Korean teachers had a positive view regarding STEAM education role, especially
teachers with higher experience and male teachers. Additionally, Korean teachers
emphasized different challenges upon immatng STEAM education, as the
challenge of having enough sufficient time for effective implementation of STEAM
lessons, increasing workloads, and lack of both financial and administrative support.
The findings of the study emphasized the importance ovigirg adequate
governmental support, the renovation of national curriculum, and the need of changes
of the national assessment system for supporting STEAM education.

In a similar vein, Altan and Ercan (2016) conducted a qualitative study to
examine the ipact of professional devel opment
perceptions and competences of STEM education in Turkey. Questionnaire was used
to collect data from 24 science teachers, in addition to data from STEM lesson plans

developed by teachers thrdwayt the professional development training. Outcomes
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showed that there is a positive impact of this training program on perceptions of science
teachers. Moreover, participated teachers raised suggestions related to (engineering)
designbased science insttion for better adaption of STEM education. Implications
suggested developing more professional development programs to raise awareness and
highlighted the importance of STEM education, in addition to the need of strengthening

t eacher 6s s, kmplerhesting and epaluatingrthie msgiructional process.

As for Srikoom, Hanuscin and Faikhamta (2017), the study examined in service
teachersdé perceptions towards i mpl ementin
in service teachers randomly selectedrfilmoth STEM related and noiSTEM related
subject from all the schools in Thailand. Quantitative data was collected using
guestionnaire stemmed on perceptions of both STEM education and STEM integration.

The collected data was analyzed using descriptnadyais, while the opeanded
responses, was analyzed using content analysis. Results reported that 85.5% of the
teachers never heard about SETM education, 19% cannot define STEM education, and
20.5% recognize STEM as a transdisciplinary program. Mogteofeachers thought

that STEM is a very interesting teaching approach. The vast majority-saiice
teachers have big concerns regarding engineering discipline.

The study of Herro & Quigley (2017) ¢
practices of STEAM. fie sample of the study included 21 teachers from science and
mathematics staff from southeastern middle school in the United States, who were
enrolled in STEAM professional development program. The researcher used case study
methodology to comprehend and mpar e both teachersoé6 perc
prior to and after implementing professional development program. Results showed
that there isdevelopmentin teachers understanding of STEAM. The implemented

professional development program was an effegiuaary stage to improve practices
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highlighting the importance of collaboration and integrating technology. Further
implications from the study suggest high consideration towards developing more
effective STEAM professional development programs to imp8&MeAM practices.

Il n a phenomenography study for Akran,
teacherdés perceptions towards STEM educalt
sample of the study included 40 primary school teachers, 30 mathematics texthers,
science teachers and 15 information technology teachers: Bsmmicted interviews
were used to collect data. Both descriptive and content analysis methods were used.
Conclusion indicated that both mathematics and science teachers have positive
perceptions for STEM education, while primary teachers have some positive and some
negative perceptions on different aspects of t STEM education. In contrary, information
technologies teachers have negative perceptions.

Likewise, Nugroho, Permanasari and Firm@019) surveyed 117 science
teachers from Indonesia to examine their perceptions of STEM education. They used
guestionnaire as the main instrument for
perceptions, their understanding of STEM educationthacestablished 2Ycentury
skills i mplementation. I nterpretive met hi
responses. Results reported that science teachers clearly understand STEM education
and that there is a significant need to focus on teagiratices and enhance it.
Moreover, findings suggested that considerable attention is needed towards enhancing
and raising both government and teachers awareness level regarding STEM education.

Moreover, Margot and Kettler (2019) attempted to understandctb e r s 6
perception of STEM integration and education by investigating the existing literature.
They used 25 empirical articles that are compatible with the research questions and

published the results in a scholarly journal in English from 2000 to 20ticipants
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encompassed pre K12 teachers. Thematic analysis method was used to construct
themes from data. Results highlighted that: the majority of teachers value STEM
education, there are challenges that might hinder its implementation including
pedagagical, curriculum, structural challenges, in addition to their major concerns
regarding the students and assessments, and the insufficient support for teachers.
Moreover, teachers identified the factors that would support their implementation of
STEM educton such as peer collaboration, appropriate curriculum, and support from
district, previous experience and effective professional development programs. The
vast majority of recommendations for improving practices e i@r vi ce t each
instructions for $EM approach and for district support in providing opportunity time
for peer teachersodé coll aboration.
In similar context, Nam, Quang, Hien, Bien, Trang, Minh, Ngan (2019) reported
the transformative perceptions of Vietnamese in service (science, mfatimation
technology and technology) teachers towards STEM education in secondary schools.
The sample of the study included 150 teachers from 11 provinces of Vietnam that
participated in teacher professional development program. They used survey to assess
their perceptions towards STEM educatioeforeand after attending
development program. Findings from analysis using SPSS, pointed out the positive
effectiveness of the program on teacher
Recommendatiaemphasized on implementation of similar courses design.
Finally, Khuyen et al ., (2020) ai mec
perceptions to support STEM education development in three main domains: STEM
education, STEM competencies, and challenges inVBihplementation. They used
survey method to collect quantitative data from 186 STEM and $6&EM subfield

teacher 6s. They used one way ANOVA to exa
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term of educational background, teaching experiences, and #hirig subjects. The

results presented that majority of teachers had constructive perceptions of STEM
educati on. Mor eover, a high significant
attributed for the highest educational background and science specihaily tN¢ least
experienced t e apoditieer vieww of SaABMe in meansd better
understanding of STEM nature and evaluating STEM related competencies. Finally,
they reported significant difference in attribution to educational background, in favor

for the highest in relation to the three domains, while there is no significant differences

in challenges among teacher6s experience
these results information in deigning effective professional development pratpams

can sustain STEM education in Vietnam.
2.3 Studies in Qatari Context

Although considerable research has been devoted to investigate science
teachersé perceptions t owar ds STEM educ:
knowledge, onlyonestudyaddrs ed t eachersdé viewpoints to
Qat ar . Quite recently, Ashour (2020) exa
curriculum in public kindergartens in Qatar. Moreover, the researcher investigated their
viewpointsregardingthe impact ofSTEM education on children, teachers and the
educational process. She used multiple instruments such as classroom observation,
interviews and a questionnaire to collect both qualitative and quantitative data. Results
pointed out that there is a low degref STEM implementation in kindergarten. In
addition, STEM education has high degree impact on the child and the educational
process while it has medium effect on t e:
concluded that teachers have positive constrei@iewpoints concerning the impact of

STEM education on children, teachers and educational process despite the fact that they
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do not implement it in a convenient level. Recommendations highlighted the important

role of stakeholderat the MOEHEN providing more attention and support to STEM
education. Furthermore, the need for more professional development programs to
enrich teacherséo capacities for further

curriculum.
2.4 Concluding Remarks

The researcher was keém choose various former studies to provide more
aspects that can help upon conducting the current study and give a different perspective
to the discussion of current study results. The display of studies is from older to newer
to show the development ofeacher sdé perceptions toward
different regions.
Al t hough most of the previous studies
perception towards STEM education,-B¢ghaidy and Mansour (2015) as well
intended to identify the factors thédcilitate or hamper STEM implementation in
schools. Additionally, some studies examined the statistical significance of different
vari abl es on teacher 6s perceptions suct
background, specialty and gender as per (Al Anal Gabr,2017; Al Aitebey, 2018;
Al Salamat, 2019). Furthermore, other studies examined the beliefs and practices in
addition to perceptions such as in (Wang, 2011; Park et al., 2016; Herro & Quigley,
2017). In addition, the target of (Wang, 2011; Nadelsbal., 2013; Atlan & Ercan,
2016; Herro & Quigley, 2017) was to measure and identify the impact of STEM
professional devel opment on teacherds per
Al | the previous studies showed presen
towads STEM education among different countries. As it showed positive perception

towards STEM as in (Khuyen et al., 2020; Margot &Kettler, 2019; Arkan & Asiroglu,
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2018) However, there was an evidence of a lower level of understanding STEM as
indicated in (Skoom et al., 2017; Brown et al., 2011). In addition, Bell (2016) pointed
out that teacherds perceptions depend on
related to the efficiency of STEM practices. It was also mentionedieghaidy &
Mansour (2015)t h a't t he teachersbo perceptions
implementation of STEM in classes. Moreoviemdings showed significant positive
i mpact of various STEM professional deve
perception and practices as per (Nsde et al., 2013; Siew, Amir, Chong, 2015;
Altan& Ercan, 2016; Herro & Quigley, 2017, Nam et al., 2020). Furthermore, some
studies related the difference of perception to different variables such as gender in (Al
Aitebey, 2018; Smith, Rayfield & Mckin, 405 ; Par k et al ., 2016)
specialty as per (Al Atibey, 2018). Whereas (Al Anzi & Al Gabr, 2017) relate the
statistical significance differences to the teaching grade level, while (Al Salamat, 2019;
Park et al, 2016; Khuyen et al., 2020) asated the statistical significance to teaching
educational background, where the highest significant attributed to highest educational
background. Finally, some studies showed no significant difference in perceptions
among variables, such as specialty(Al Salamat, 2019) and different teaching
experiences as in (Khuyen et al., 2020; Al Anzi & Al Gabr, 2017).

The studies showed a variation upon using different approaches, methodologies
and instruments. Descriptive methodology was common in the majbthg studies,
as it is the most compatible approach with the studies related to perceptions, beliefs and
attitudes (Creswell et al., 2003). However, Al Basha (2018) preferred the explanatory
design, Madani & Forawi (2019) undergo parallel mixed metholdgewnag (2011);
Herro & Quigley (2017) used case study. On the contrary, Nadelson et al. (2013) and

Nam et al. (2020) used the experimental design for adeuatigatiorof the impact
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of STEM professional devel op mereover, (Bellogr ams
2016; Arkan and Asiroglu, 2018) used phenomenography approach to describe
di fferent teachersdé perceptions and thei
Margot & Kettler (2019) had different remarkable approach by examining thegxist
' iterature of towardsSTEMedudatiop.er cepti ons

Literally, all the studies conducted in MENA region, and majority of other
studies conducted in other regions used the questionnaires and surveys to collect either
guantitative or qualitativedata. However, some of them used sémstructured
interviews, focus group interviews, teacher reflection , classroom observations and
document analysis to collect qualitative data as irRD@&dhaidy & Mansour, 2015;
Madani, 2020; Bell, 2016). Furthermomome of them used multiple instruments to
collect both qualitative and quantitative data to provide thorough explanation for the
results later as in (Al Basha ,2018; Madani & forawi ,2019; Wang, 2011; Siew, Amir
& Chong,2015; Srikoom, Hanuscin & Fakhraat2017; Arkan &Asiroglu ,2018;
Ashour, 2020).

In the light of the former studies, the current research paper has benefited from
previous studies; mainly within the theoretical framework, and identifying how to build
and develop instruments to examine petons of teachers towards STEM. In
consistency with the availability of nume
perceptions towards STEM education in all regions, the current research study is
descriptive in nature except for using explanasaguential mixed method desidrne
current study agreed wifAl Basha,2018; Madani &Forawi, 2019; Wang, 2011; Siew,
Amir, Chong, 2015; Srikoom, Hanuscin & Fakhmata, 2017; Arkan &Asiroglu, 2018.)
upon using mixed data. Furthermore, it agrees with Al B§3048) upon using the

explanatory design. Moreover, the current study relied on the use of the survey for
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guantitative data collection as in majority of the previous listed studies to measure the

perceptions of the sample towards STEM education. Aftelsyathe focus group

interview was used to collect qualitative data as HD&ghaidy & Mansour (2015) to

deepen the understanding of primary scien
Al t hough there are many published st uc

different regions, most of the studies published in MENA region were conducted on

KSA teachersdé perceptions except for AL B

and Elayyan and\l- Shizawi (2019) in Sultanate of Oman. Accordinglyto the

Researcher's knowledgethere is still an urgent need for more research work on this

topic using different approaches in the Arab world in general and in Qatar in particular.

Based on concludg remarks, the position of the current study is clearly recognized

among the previous studies. Thus, this promotes the researcher to work and research in

this field.
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Chapter Three: Research Methodology

The currenthapter aims at introducirige research approach to investigate the
perceptions of primary science teachers towards STEM education and identify the
challenges of its implementation in public schools in the state of Qatar. Moreover, this
chapter will include the research design, gapon, sampling, pilot studies and ethical

considerations

3.1 Research Design

The current researchiesign applieglescriptive methodology. Precisely, an
explanatory sequential mixed method approach. This design is composed of two
distinguishable phasesguantitative (QUAN) followed by qualitative (QUAL)
(Creswell et al., 2003). The first phase focuses on the data collection and analysis of
the quantitative input to reach a generic understanding to the research questions.
Subsequently, the second phagesexis to analyze the collected qualitative data, which
explores in depth the respondentsdé vVviews
data. Thus, results of both phases are complementary to each other (Rossman and
Wilson, 1985; Tashakkori and Tdod1998; Creswell 2003). Moreover, the applied
approach elucidates the quantitative results with a certain level of abnormality
(Creswell, Goodchild, and Turner 1996; Green and Caracelli 1997; Creswell, 2005;
Moghaddam, Walker, and Harre 2003). Furtheendhe consolidation of applying
both gquantitative and qualitative methods assists the researcher in establishing a

comprehensive database on the topic under study (Teddlie & Yu, 2007).

In the current study, the first part of the research isuineeythat aims to collect
guantitative data about the perceptions of science teachers towards STEM education

and challenges facing its implementation in primary public schools in the state of Qatar.
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The second part is collecting qualitative data using thesfagoup interviews to

provide further explanation to the questionnaire results.

)} Quantitaive Data
. Collection

i Connecting Quantitative & ”

Qualitative Phases
Qualitative Data ”
Collection

Qualtitative Data
Analysis

L Integration of Quantitative
& Qualitative Results

Figure(9): Explanatory sequential mixed method design

First Phase (QUAN)
- Teachers' Questionnaire
- Aim to investigate perceptions

(| towards STEM education.

Science Teachers'
perceptions towards STEM

education & challenges of
its implementation

Second Phase (QUAL)
- Focus group interview
- Aim to explore in depth teachers'

perceptions and challenges that

hinder STEM implementation.

Figure (10): Design of the research method and data collection
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3.2 Research Context and Respondents

3.2.1Targeted Population

The current study targets science teachers working in public primary schools of
Qatar during the academic year 28ZI?1. The logic behind the selection of this
targeted population; is the limitation in the availability of studies Gogehe topic of
STEM education in public primary schools in Qatar, despite the fact that the number of
primary schools represent around 37% of total public primary schools in Qatar
(Appendix 1) (Planning and Statistics Authority, 2019). Moreover, asuptd the
latest MOEHE records for the current academic year (2021), there are (412)
science teaches on the job within public primary schools in the state of Qatar (Teachers
Affairs Office, November 24, 2020). Those teachers represent 6.15% ofutotaler
of teachers in public primary schools (Appendix 1) (Planning and Statistics Authority,
2019). Furthermore, the current population of science teachers includes (135) male
science teachers and (277) female science teachers, which represents rspective
32.7% and 67.3% of the targeted population (Teachers Affairs Office, November 24,

2020).

3.2.2 Sampling Strategy

In sequential mixed method approach, the researcher targeted two samples
mainly. For collecting the quantitative data (QUAN), the redesrtargeted the whole
population to collect as many responses as possible from science teachers in public

primaryschools through a welbasedsurvey (Sample 1).

The researcher sent the wddased survey to all the public primary schools in
the state oRQatar with an invitation for the science teachers in their schools to respond
to the questionnaire. In addition, the wedised survey was also shared via social media

application (WhatsApp) to science teache
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responsess possible. The survey was open from 16th of December 2020 till 14th of
February 2021. The researcher received (148) responses, which represents
approximately 36% of total science teachers in public primary schools in Qatar. This
percentage provided greatreliability for the study and this may allow the researcher

to generalize the results (Cohen, Manion & Morrison, 2011).

Hence, in QUANQUAL studies both the methodology and results from QUAN
phase influence the sampling methodology consequently enthiloylee QUAL phase
(Teddlie & Yu, 2007). Thus, after statistical analysis of questionnaire, quantitative data
was interpreted and classified. Subsequently, purposive sampling technique used in
gualitative data collection (QUAL). Purposive sampling yielids deepen the
information on the addressed topic, using a small number of cautiously selected

participants (Teddlie & Yu, 2007).

Theresearcheselected the members of the four focus groups (Samjblerf)
respondents of survey (Sample Hgsed on two criteria: receiving STEM related
professional development training and teaching experience ranging from six to fifteen
years or more. The researcher assigned five science teachers for each focus group. It is
remarkablehat the selected sciemteachers for sample 2 are former participants in the
QUEMTA program (Qatar University Exxon Mobil Teaching Academy) implemented
by NCED (National Center for Educational Development) in the academic year 2019
2020. QUEMTA program includes STEM educatesone of the main courses to be
covered and is achieved through the training programs (National Center for educational

development, 2020).

3.2.3Survey Respondents

The number ofurveyrespondents (Sample 1) was 148 science teachers, which

represents approximately 36 % of the total number of science teachers in public primary
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schools in the state of Qatar. The demographic data of the respondents is included in
the first section of theugestionnaire (Appendix 2). The demographic data included the
gender, teaching experience, educational background, highest degree obtained, country
of highest degree obtained, specialty, school location, in addition to detailed
information on weather STEMaining was received and STEM lessons were taught or
not and how STEM is being taught in their schB@mographic data of the respondents

was analyzed using descriptive statistical analysis as shown in Table (1)

Table (1): Descriptive statistical analy®f demographic data.

Demographics Frequency Percentage
Gender Male 18 12.2%
Female 130 87.8%
Educational Background Bachelor 117 79.1%
Higher Diploma 11 7.4%
Master degree 19 12.8%
Doctoral 1 0.7%
Country of highest degree Qatar 70 47.3%
Others 78 52.7%
Teaching Background Less than 5 years 17 11.5%
6 to 10 years 43 29.1 %
11 to 15 years 50 33.8%
More than 16 years 38 25.7 %
Specialty Biology 39 26.4 %
Chemistry 42 28.4 %
Physics 16 10.8 %
Geology 7 4.7 %
Others 44 29.7 %
School location Doha 77 52 %
Al Rayyan 34 23 %
Umm Slal 10 6.8 %
Al Khor & Dhekra 3 2%
Al Wakrah 7 4.7 %
Al Shamal 7 4.7 %
Al Sheehaniya 8 5.4 %
Al Daayen 2 1.4%
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Demographics Frequency Percentage

Haveyou ever received any STEM Yes
related professional development No

training?

Have you ever taught STEM lessor Yes
No

How is STEM being taught/offered Extracurricular

in your school? activity
After school
program
Regular
curriculum

60
88

53
95

119

13

16

40.5 %
59.5 %

35.8
64.2

80.4 %

8.8 %

10.8 %

The above table (1) shows that the respondents included (18) male teachers

(12.2 %) and 130 female teachers (87.8 #8gjority of scienceteachers hold a

bachelor's degree (79.1%), while (7.4%) hold a higher diploma, (12.5%) hold master

degree and only one teachers hold doctoral degree (0.7%). (47%) of the respondents

got their highest degree from Qatar while (53%) got it from anotheitreesin

In terms of teaching experience, (33.8%) of the sample respondents have

teaching experience from 11 to 15 years, (29.1%) of the sample have experience from

5to 10 years, (25.7%) of them have teaching experience 16 years or more and (11.5 %)

of thesample have less than 5 years teaching experience.

In relation to specialty, the sampled respondents is (28.4%) Chemistry, (26.4%)

Biology, (10.8%) physics, (4.7%) Geology and (29.7%) mentioned other specialty such

as Mathematics, Statistics, Biomedicalnd Engi neeri ng.

n

resp

school location, (52%) of respondents were from schools in Doha, followed by (23%)

in Al Rayyan, (6.8%) in Umm Salal, (5.4%) in Al Shaniya, (4.7%) in Al Wakrah and
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Al Shamal, while the minimum percentage wasrfral Khor (2%) and Al Daayen with

(1.4%).

Moreover (40.5%) of the respondents stated, that they received STEM
professional development training, while (59.5%) did not receive. Accordingly, (36%)
of the respondents taught STEM lessons while (64%) did=madlly, the majority of
the respondents (80.4%) stated that STEM is being presented in their schools as
extracurricular activity, while (8.8 %) of responses as after school program , while

(10.8%) only reported that it is taught within the lessons ofdgelar curriculum.

3.2.4 Focus group respondents

In addition to their years of experience (6 to 15 years or more) of teaching in
Qatar public schools, the focus group interviewees (Sample 2) were sélaséeton
their receipt of STEM related professional development program such as QUEMTA or
any other STEM related training. Sample (2) as shown in table (2) included four focus
groups, each group consists of three teachers. The teachers are from ditfieoent
locations. Those teachers are knowledgeable on the focus topic of the study, its
practices and challenges that might hinder its implementation in in public primary

schools.

Table (2) Demographic characteristics of focus groups respondents

Focus Grap Teacher  Gender Teaching School location
number code experience
1 F1 Female 6 years Al Obaib
F2 Female 6 years Al Hilal
F3 Female 12 years Al Siyliah
2 H4 Female 7 years Zeikreit
H5 Female 15 years Um Slal
H6 Female 10 years Doha
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Focus Group  Teacher  Gender Teaching School location

number code experience
3 M7 Male 11 years Mauither
M8 Male 17 years Al Dafna
M9 Male 14 years Um Slal Al
4 110 Female 13 years Um Slal Mohamed
111 Female 18 years Al Azyzia
112 Female 9 years Old Airport

3.3 Research instruments

In the current study, two main instruments were employed for collecting data; a
webbased survey and focus group interview:
E d u ¢ aforiLauis Gohen, Lawrence Maniongkh Morrison, the main privilege of
using different instruments is to enrich the focus study with more reliable data (broader

and deeper) than a single instrument would yield.

3.3.1 Teacherods Survey

Survey is a common tool that offers benefits of stasidad and open responses
to a variety of topics for a large sample or population. More than that, other common
advantageous aspects of surveys are their low cost;réligbility and validity,
guickness and practicality in completion (Cohen et al., 200l8)s, an online survey

(consisting of two sections) was created to collect quantitative data.

1 Section 1: This section enclosed nine items including demographic data such as
gender, teaching experience, educational background, country of highest degree,
major, school location, in addition to the STEM training received, STEM teaching

experience anddw STEM is being taught in their school.
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9 Section 2: This section comprised 42 items classified into four main domains. The
study domains comprised of a scale ranging from one to five, where (1) reflected
an opinion of fAstronggllyy daigsraegeroe e OT haen di t(
and modified from various studies in multiple countries. Items number (15, 16, 17,
19, 20, 24, 25, 26, 27,28,29,30, 32 & 33) adopted from Al Anzi & Al Gabr (2017)
in the Kingdom of Saudi Arabia (KSA), while items (10, 12,148, 35, 36, 37, 38,
39, 43, 44, 45, 46, 47, ) are from Khuyen et al. (2020) in Vietham. Additionally,
items (11, 18, 31, 34, 41, and 42) adopted from Al Basha (2018) in the United Arab
Emirates (UAE), while the items (21, 22, 23, 48, 49, and 50) constrimt the
researchestemmedon reviewed literature and the curreheoretical framework.

All items wereadjusted appropriately for context in Qatari public schools.

The firstdomain. Teacher sé perceptions about ST
It consists offourteen items (102 3 ) . These are designed t
perceptions about STEM characteristics features, main concepts and its instructional

practices.

The second domain: Teacher so perceptions t owa
requirements. It included elem items (from 243 4 ) . These i tems exat

perceptions 06§ TEM implementatiomequirements in science classes.

Thethirddomain: Teacher sé perceptions of the i
studentsd6 outcomes. Thi somd(8m42), theseiemss i st s
examine perceptionsd of science teacher s
enhancing 2% century skills such as critical thinking, problem solving and decision
making, in addition to measuring the | mpa

outcomes.

57



The fourthdomain: Teacher sé perceptions about t
implementation.This domain included the last eight items. Seven of these items are
closed statements from (480) describing and examining the challenges that might
hinder STEM implementation in science classgse last item (51) is an open ended
guestion about furte challenges that might face teachers and hinder STEM

implementation in their science classes.

3.3.1.1 Teacheandrelaliyr vey Val i di t

Validity and reliability are two crucial factors to demonstrate and communicate
the consistency of the reseapiocesses and trustworthiness of the findings (Creswell,

2014).

Validity:

Validity of the instrument guarantees that the targeted instrument is measuring
comprehensively the required variables and domains (Cohen et al., 2018). To declare
the content ofhe survey, the survey was checked by five university professors from
Qatar University, American University in Cairo and Exeter University, in addition to
four professional development specialists (Math & Science specialty) from the National
Center for Edaational Development in Qatar University. They all recommended some
modificationsregarding the language and to test one idea or concept within each item
Further modification was applied to the survey accordingly to the feedback and

recommendations.

Moreover, Constructed validity was tested using confirmatory factor analysis as
shown in table (3). It determines the interrelationships between variables to specify if

those variables can be gathered into a smaller set of underlying factors.
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Table (3):Confirmatory Factor analysis

First Second Third Fourth
Communalities
domain domain domain domain

1 0.777 0.603
2 0.787 0.620
3 0.733 0.537
4 0.792 0.628
5 0.798 0.637
6 0.886 0.786
7 0.881 0.776
8 0.890 0.792
9 0.863 0.746
10 0.819 0.671
11 0.861 0.741
12 0.898 0.806
13 0.875 0.766
14 0.873 0.761
15 0.748 0.559
16 0.875 0.766
17 0.897 0.804
18 0.779 0.606
19 0.902 0.813
20 0.926 0.858
21 0.902 0.814
22 0.922 0.850
23 0.930 0.865
24 0.865 0.749
25 0.889 0.790
26 0.895 0.800
27 0.914 0.836
28 0.907 0.823
29 0.912 0.832
30 0.858 0.735
31 0.785 0.616
32 0.908 0.824
33 0.907 0.823
34 0.802 0.643
35 0.757 0.573
36 0.808 0.654
37 0.733 0.538
38 0.618 0.582
39 0.802 0.644
40 0.722 0.521
41 0.710 0.504
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Table (3) shows that all the communalities values for all components are greater
than (0.5), which indicate high validity of these items. Additionally, all values of
loadings are greater than (0.5) whprhint outhigh correlation between these questions

(Keller & Warrack, 1999).

Reliability:

The reliability of the instrument guarantees the consistency of the measurement
per time (Cohen et al., 2018). The intern
reflects the reliability of a questionnaire. AsriCohen et al. (2018) whenever the value
of the Cronbachdés alpha increases; the in
Alpha values ranged from (0.883) to (0.960), which indicate high internal reliability
between the questionnaire items andMeein the items within each domain as shown

in table (4) (Cohen et al., 2018).

Table (4): Cronbachdés alpha to measure re
Indicator Cronbacho
Teacher s 6 of gEEMedupation knowdedge. 0.966
Teacher s 6 off BEEMdteacpingireguireaments. 0.969
Teacher s 6 ofphe impaet pfiISTEMmeducation or

~ 0.960
studentsdé outcomes.
Teacher s 6 ofphe challenges facing STEM 0.883

implementation.

3. 3. 2 THoeusdroaps Mi@rview

T e a c¢ hoeus grdupnterviewsis the seconghhaseof this study to collect the
gualitative data. As indicated in Cohen et al. (2018), the dynamics of how participants
were interacting in the focus group is significant as it leads to a collective view on the

topic under study. The focus group protocol waspaed fromEl-Deghaidy& Mansour
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(2015) focus group interview. The final form of the focus group questions was
developed after conducting, analyzing and interpreting the siAmendix 4) The

focus group questions aim to deepen the exploration of scienc e ac her s 6 f am
and perceptions regarding STEM implementation and identify the main factors that will

hinder its implementation in science classes in public primary schools. A total number

of four focus groups interviews (N=4), in which each gragmsists of three
participants accepted to be interviewed. All the participants that agreed to be

interviewed received a consent form to be signed and returned back via email.

3.4 Research Procedures

This study was executeat public primary schools in Qatar during academic
year 2020- 2021. Prior the study implementation, the researcher obtained clearance
from MOEHE (Appendix 3), in addition to the clearance from the Review Board

Department at Qatar University (Appendix 4).

This approval required filling QURB application and checklist forms in
addition to attaching all the required documents (MOEHE approval, IRB supervisor
letter, theinstruments gurvey andfocus group intervie)y and twoconsent forms for
both instrumerst and the proposal of the stu@\l the previously listed documents and
forms were sent via email to Qatar University Review Board. Succeeding, the ethical
approval was sent from QURB department after reviewing all the requirements and

forms (Appendixg).

Subsequently, the researcher started the first phase of the study by constructing
the webbased survey using Jotform application. Furthermore, the researcher prepared
an invitation message to be sent via WhatsApp messages, which include the title,
pumpose, approval from MOEHE and ®Q8B, the online survey link and consent

statement on voluntary participation in this study. Moreover, the researcher prepared
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an invitation email for all the public primary schools in Qatar, including the same main
informaion mentioned in the previous invitation message. A total number of 148

primary science teachers responded tormteebasedsurvey on a voluntary basis.

Prior to initiating the second phase and implementing the focus group
interviews, the data of the sy was statistically analyzed and interpreted. Based on
its results, the focus group interview questions were modified. Then, the researcher
contacted the participants of the focus group to set their appropriate time for the
interview and sent them the gant form to sign it and send it back via email. The focus
groups interviews were implemented and recorded using Zoom and Midrosoft ms 0
application. Each focus group interview lasted from48minutes approximately. The
researcher followed the focusogp protocol, which had great impact on building
positive relationship with participants, which led to authentic, natural response to all
the interview questions (Creswell, 2014). Consequently, the focus group interview
aided at collecting various datagr@r di ng teachersé percept

education and challenges of its implementation in science classes in more depth.

Finally, the researcherombinedoutcomes gained from both quantitative and
qualitative analysis, to reach final comprehensive ltedhat will allow providing
recommendations to be taken into consideration in the near future by other researchers

and stakeholders working in the academic field.

3.5 Data collection & Analysis

In this study, the research adopted the explanatory sequential mixed method
approach, which includes collecting and analyzing of mixed data. The first stage of
analysis was for the quantitative data collected using the-baséd survey as
mentioned previcsly. The researcher used different methods of statistical analysis

while working on the generated data using the Statistical Package of the Social Sciences
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(SPSS). A descriptive analysis was used for section one of the survey to describe the
demographic da of the participants and in the four domains of section two to interpret

the science teachersod per-iest pdsierenused to An 1 |
examine if there are any statistical significant differences in the primary science
teacheestdi opresr cdue to gender, teachersoé6 e
STEM professional development programs and STEM teaching experience. Moreover,
ANOVA test was used to explore if there i
any ofthedomainsrdlaed t o t heir different teaching
D effect size is used to degree the correlation between variables.

The second stage of analysis was for focus group interviews, which has been
digitally recorded, followed by a transcript iwh formed the initial data source. The
transcribed interviews facilitated the provision of summary patterns and themes. As a
follow-up, the researcher used the thematic analysis methieddgnizehose themes
and patterns in the qualitative data. Thagesof thematic analysis is a popular scientific
methodology that is being widely used in qualitative data analysis (Braun & Clarke,
2013).

Thematic analysis encompasses more than simply reporting what is included
within the data; it provides prominent gpeect revealing explanatory story about the
collecteddata from research questions (Braun & Clarke, 20B). aun and Cl ar
(2013) embedded six phases for the thematic analysis process as follow:

AThe first phase of thematic analysis is the comm#firdyphase of any qualitative
analysis, which is the familiarization with the data and identifying the
hypothetically important dataterrelatedo the research questions.

AThe second phase is the systematic coding of the data that will result iatyener

the initial codes.
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Aln the third phase, the analysis shifts to an expansive focus across the coded data
to search for themes. In this phase, there is ideal way to do it, researchers should
rely on their analytic decision in answering the reseawtiich will result in set
of themes and relevant correlation between these themes.

Aln the fourth phase, it is very vital to review the potential themes. Reviewing the
potential theme takes place by checking the relevance of the themes to coded data
and research questions. This phase ends in a final set of themes.

ADefining and naming themes where the researcher analyzes interpret and
correlates between all the emerged themes. This is followed by naming the final
themes.

AThe last phase of thematic anadyss producing the report. This phase offers
chance for refining the analysis, which includes the reordering of the themes and

relating them to the literature

3.6 Ethical Considerations

Ethical consideration is one of the prominent factors that shouéthti@pated upon

conducting reearch (Creswell, 2014). In the curretidy, the researcher was keen on

all the ethical considerations related to human rights for this purpose. Therefore,

approvals from MOEHE (Ministry of Education and Higher Education) QU-IRB

were received before proceeding with the study (AppendixFdjthermore the

structure of theweb-basedsurvey starts with a consent form that provides all the

required information regarding the study purpose, right to withdraw at any timeutvitho

any consequences, the voluntary nature of participation, privacy and confidentiality

statements and contact information of the researcher and supervisor for any further

clarifications or questions. Moreover, the consent form included a statement that
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articulates that by filling in this survey, the participant is in agreement and approves all

items of the consent form.

Moreover, consent forms for the focus groups interview were sent via email to the
participants to be signed and returned back to tharaser. The consent form includes

the study objective, and that interviewees do have the right to withdraw from the
exercise without holding any responsibilities or bearing any consequences. The consent
form also includes content related to privacy & cdefitiality statements, permission

for recording the interviewgontact information oboththe researcher and supervisor

for any further clarification or questions.

Furthermore, in order toeassuranore truthfulness the survey and the focus group
interviews were anonymous for the sake of confidentiality and all shared information
was used for the research purpose only. All the previous factors had positive secure
feelings for the participants, which enhanced them to share their perceptions and

practiceqCreswell, 2014).
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Chapter Four: Findings and Results

The current studiargeted o i nvestigate primary science
STEM education in primary public schools in Qatar. This chapter reports the results of
conducting explanatory sequential mixed methqz@aches; the quantitative phase
comprisest e a ¢ h e tiosnairefgllaneed by the qualitative phagbat comprises

focus groups interviews.

This chapterenclosedwo main sectiongyurposefullyto respondo the raised research
guestions. The first section presents te
from four main domains that reflects the four suiestions. The second section
presents the significant variances, if any, for gender, educational background, teaching
experience, the received STEM professional development programs, STEM teaching

experiene on teachersd6 perceptions.

Section One: Teachersod perceptions

This section includes four main domains mirroring the- sjuestions of the
study. The first do nalated tothes knawkedge of STEMO per
educatm, t he second i s teachersd perceptions:e
third domain focus on teachersodé percepti
studentsod6 outcomes, while the | ast domain
STEM implematation in Qatari primary public schools.

I n the description of teachersdéd perci
researcher used the means and standard ¢
interpret the percept iedhesnieans ietotierdelevetshse r e s
shown in &ble(5). This was done by computing the difference between the highest and
the lowest point (8.=4), then dividing the range by three (4+3=1.33). The below table

(5) show the items in descending order.
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Table(5)R r cepti ons6 | evel

accordi

Weighted Average

Result interpretation

1-2.33
2.34-3.67
3.68-5

Low
Moderate
High

41Wh at ar e

science

primary schools in Qatar?

Generally the descriptive statistics comparison of the four dom@iable 6)

shows that

means f or a l

teacher séo

I domai

ng

t o

t

he m

perceptions

ns

i s

aroun

is high in the four domains. Teachers' perceptions of STEM teaching requirements

showed the highesnean of (M= 4.12) and aastdard deviation of (SD= 0.61).

Conversely, Teachers' perceptions on challenges facing STEM implementation

recorded the lowest with a mean of (M= 3.99) and a standard deviation of (SD= 0.60).

Wher eas

teacher sa

par cd ptdiean s ofutlcmmac al

of STEM knowledge gained mean values of (4.10) and (4.08), with standard deviation

of (0.62) and (0.64) respectively.

Table @) Descriptive statistics comparison of the four domains

Domains

Min Max Mean S.D.

Teacher
education.
Teacher
requirements.
Teacher
educat.
Teacher
implementation.

(@)}

(@)}

o S O

per

per
on
per

ceptions
ceptions
ceptions
student so
ceptions

a

2 5
€2 5
€2 5
©1875 5

4.08

4.12

4.10

3.99

0.64

0.61

0.62

0.60
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4. 1.1 Teachersd perceptions of S°

Subquestion 1: What are the science tea

knowledge in Qatari publiprimary schools?
4.1.1.1 Quantitative Results (Survey)

The first domain of the survey covers fourteen statements related to STEM
education knowledge. Findings illustrated intaldfle ( show t hat the ove
perceptions of STEM education knowledgéiigh with an overall mean value (4.08)
and standard deviation of (0.64). I nter e:
students6 thinking to generate innovative
based learning is an important elementimmtc hi ng STEMO got t he hi
value (4.18) and standards deviation of (0.75), (0.73) respectively. On the contrary, the
statement related to the ability of teachers to combine optionally any of STEM domains
content knowledge in the current cuuiiem to create STEM lessons got the lowest

mean with value of (3.87) and highest standard deviation of (0.89).

Table () Descriptive Statistics of Teacher
knowledge.

Statement Min Max Mean S.D.

The concept of STEM education is defined as teact

the knowledge, skills, and logical thinking related to 1 5 4.02 0.81
STEM careers.

STEM education is a connection between subjects
within authentic contex
Teachers caoptionallycombine science, technology
engineering, and mathematics knowledge in the 1 5 3.87 0.89
current curriculum to create STEM lessons.

1 5 4.08 0.85
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Statement

Min Max Mean

S.D.

The term At echrMNOTsolgy 0 i
restricted to the use of technological tools in the
classroom, such as computers, projects, and camel
STEM helps in connecting scientific concepts and
knowledge in an interdisciplinary paradigm.

STEM helps studentsuild scientific explanations anc
evaluate solutions.

STEM enhances studentsbo
innovative solutions to real life problems.

Problem based learning is an important element in
teaching STEM

STEM aims at linking knowledge to global problems
such as global warming and saving energy.

STEM allows the diversity of educational context
through multiplicity of educational outcomes.

STEM employs a variety of strategi@ssolve
scientific problems with flexibility.

STEM removes barriers between subjects and prov
flexibility upon integrating new information.

STEM allows using different methods and approact
to achieve tasks.

The term fAtechnmMOTsolgy 0 i
restricted to the use of technological tools in the
classroom, such as computers, projects, and camel

Total

2 5 3.99

2 5 4.00

2 5 4.16

2 5 4.18

2 5 4.18

2 5 4.13

2 5 4.05

2 5 4.10

2 5 4.14

2 5 4.13
2 5 414
2 5 4.08

0.83

0.73

0.74

0.75

0.73

0.79

0.74

0.72

0.70

0.71

0.72

0.64

4.1.1.2 Qualitative Results (foc

Findings in this section as shown in Table (4) are organized and reported in

ter ms of variances and

similarit

education knowledge between focus

y patter

groups.

results into four main key findings: integrated disciplines of STEM, general

characteristics of STEM education , the relation between teaching STEM and future

careers, and instructional practices of teaching STEM.
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Variance pattern appeared in the first key findingtesl to describing STEM
education in relation to integrated disciplines. Each group had different description of
STEM education in relation to their integrated disciplines. Two groups mentioned that
ASTEM encloses all the, scwteinlte fdtchar s cd tpd t
is link between science and mathemati cal
science of engineering as geometry which is one branch of Mathematics, while another

group did not mention the engineering at all.

The secad key finding is related to general characteristics of STEM education.
Mostly, all the respondent groups agreed that STEM is linked to real life where all the
scientific concepts are applied to solve various-litalproblems. They stated that
STEM requres from students a high level of thinking skills to solve these real life
problems, and these skills are acquired by practicing rather than teaching. This
statement is directly aligned with their agreement that STEM aims at enhancing
student sws es kiitl l'isn troe al |l ife situations, \

motivation to learning.

I n the third key finding, there were \
relation between teaching STEM and future careers. Some groups stated that STEM
echances students6 focus on future careers
one group stated that it is an intention trend to enroll students in STEM schools to
qualify them for specialized careers in the fut@enversely some groups statehat
STEM is not focusing on future careers or professions; yet sometimes it is just referring

to them by coincidence and not with an intentional planning.

Finally, the last key finding described the instructional practices of STEM.

Focus groups agreed that the main instructional practices of STEM include content
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integration of the four STEM disciplines, problem based learning, projects and

inquiry based leaning, 21st century skills, collaboration and teamwork, in addition to

application of scientific concepts from different disciplines in real life situations.

Table@ : Teacher so

Pattern  Keyfindings

Quotation Examples

Variance Teache
knowledge of
integrated
disciplines of
STEM
education.

Similarity General
characteristics
of STEM
education.

Variance The relation
between
teaching

STEM and
future careers

ASTEM i s present in a
linking science , math , engineering and
technology, Technology is any tools such as
measuring tools or computers during research,
Problem solving in STEM include using number
data, calculations, using unitiata analysis, and
engineering design. o

ASTEM encloses all sc
Arts; STEM is more about creativity and thinking
rather than | iteracy

ASTEM Link science in
Mathematical branches tleepen theses
information via engineering or mathematical
cal cul ationso.

ASTEM is linked to re
existing issues such as ethical, national and
cultural 1issueso.

i S T E Mnkeddo real life problems by using
problem solving for real life problems such as
extinction of animals, global warming , pollution
all the solutions is developed by students, this
highlight for students the importance of finding
solutionsforrealfie pr obl ems. 0O
ASTEM requires critic
thinking and skills for linking science with real lif
i n one complete big p
AStudents acquire ski
pr act|C| ng not by tea

nSTE enhances 8foruden
Iearnl ng. o
ASome students in grad

project, they mentioned that they want to be

astronauts or scientists, so they can find other
alternative energy resourcasd find another planet
that they can |ive in.
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Pattern Key findings

Quotation Examples

Similarity STEM -
Instructional
practices

ASTEM i s a worl dwi de |
adopted by the elites of the society. People, whc
aspire to educate their children at a high level,

enroll their children in STEM Schools because it

gualifies them for spi
A S T E Melaiedto guide students to STEM
fielddbs careers, Il r e

Commerce in USA, and they reported that job
opportunities for those with specializations relate
to mathematics and sci
ASTEM i s not tsdoprofessions, buj
rather just refer to it, such as in discussing space
show that this specialty is important for the future
another example refer to importance of medical
professions. o
APr oj ect s notrestrist&édEdvh specifie
subject but it integrates all subjects and life skills i
the same project. o
AProbl em based | earnin
STEM , students are more interested in solving
problems they face or some of their relatives face
real life, even if they know the solution, they are
interested to find a clear explanation for this
solution. o
ASTEM encl oses student
based | earning and app
AProbl em based | earnin
instructions inéaching STEM, problems in genera
allow students to think in muldimensions and
subject to solve it.o
ASTEM b a $eenturycskills, 2allaboration
and teamwork, students try to find solutions for re
life problems, students think critically, students try
solve problems in real life using scientific method,
integrating and linking between technology,
mathematicsandi f f er ent domai

412Teacher so pSeEMtieaghing regquirementd.

Subquestion

2 Wh at are the science

requirements in Qatari public primary schools?

4.1.2.1 Quantitative Results (Survey)
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In the second domain, there was eleven items specified for STEM teaching

requirements. Findings demonstrated in ta®e ( show t hat

t he

ov

perceptions of STEM teaching requirements are high with an overall mean value (4.12)

and standard devianh of (0.61). This means that in average, respondents tend to agree

to these statements. The statement related to teaching STEM requires enhancing

studentsé6é acquisition of

highest mean of value .@0) and standard deviation of (0.67). However, the statement

communicati on

related to teaching STEM requires training students on engineering design; scored the

lowest mean with value of (3.96) and highest standard deviation of (0.75).

Table Q): Descriptive Statiste o f Teachersbéo

requirements.

Statements Min Max Mean S.D.
Teachl_ng S_TEM_ requires e_:mploylng mathematical 5 5 401 071
operations in scientific topics.
Teaching STEM requires using inquibgsed learning 2 5 418 0.67
Teaching STEM requires
acquisition of communication skills while handling 2 5 420 0.67
STEM tasks.
Teaphlng STEM. requires training students on > 5 396 075
engineering design.
Te_achlng STEM requires engaging students in > 5 414 072
evidencebased discussion.
Teaching STEM requires raising cu.r|05|ty gbout 2 5 417 0.69
natural phenomena and scientific discoveries.
Teaching STEM requires integrating two or more of
STEM fields within one lesson. 2 5 409 073
TeachingSTEM requires training students to search
and investigate using various reliable resources frol 2 5 4.13 0.69
different disciplines.
Teaching STEM requires
to solve problems and scientific thinking. 2 > 4.18 0.65
TeachingSTEM requires using technology to integre
multiple STEM fields. 25 413 069
Teaching STEM requires making decisions based ¢ 5 5 412 067
data to understand how to refine ideas further. ' '
Total 2 5 412 0.61
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4.1.2.2 Qualitative Resul{sf ocus groupso intervi

As shown in table10), findings related to STEM teaching requirements are
organized according to the similarities between them. Three main domains for STEM
teaching requirements resulted from this structure; STEM teaching eswgurits for
teachers, STEM teaching requirements for students and STEM teaching requirements
related to stakeholders. The findings in the three domains showed notable similarities

among groups.

Findings in the first domain represents STEM teaching reqemésnfor
teacher s. Al l groups mentioned that t eac
attitudes of STEM are from the main STEM teaching requirements. In addition to
practical training for teachers on various skills and instructions for STEM plarmming a
teaching such as communication skills, inquiry skills, content knowledge and
integration of the four main domains of STEM. They also stated that the number of

students per teacher should not exceed 10 students for effective implementation.

In the secod domain, the key findings emerge in STEM teaching requirements
for students. The most common resulted d
receiver of knowledge to active learner by training them on various skills such as
inquiry skills, engineering dggns, using data, literacy skills and collaboration. In
addition to enhancing their creativity and innovation skills and increasing their

awareness and knowledge of STEM and its main disciplines.

On the other hand, the third domain encloses agreement dramo u p s 6
respondents on the need to increase stake
Furthermore, there is a need of having the MOEHE to provide suitable flexible semester

plan with enough time for STEM implementation, in addition to a -dedigned
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integrated curriculum that includes the four main disciplines of STEM. Moreover, the
MOEHE needs to provide some physical necessities such as establishing strong

infrastructure for schools, tools and facilities.

Table@0) : Teacher s O0TEM tacking Requirenrmests of S

Pattern Key findings Quotation Examples

Similarity  STEM -AfTeachersd awareness, t
teaching how to Integrate different disciplines to be
requirements spontaneous within cont
forteachers -f T e achelrisedf i n STEMO

-AiTrain teachers on comt
inquiry skills, questioning and new ideas for planni
the activities. o
-iTeacher should know be¢
should know more about different disciplines of
STEM, so he can link #m and guide the students
through this system. oo
-APractical training fort
theoretical only , there is a gap between How teacl!
learned and how they are teaching so we have to \
more on teaching teachc¢e
-AChamggit eachersé percep
right base for enhancing learning, because when t|
teacher is convinced, he will change the rudder of
entire | earning ship.o
-ANumber of students peit
students for effective fadw up of teachers for
students. o

Similarity STEM -AEnhancebcstattent sy and
teaching - A Ch a ntlgestudgntérole from recipient to
requirements devel oper or generator
forStudents - A" Student sé awar effféEMswitha

the steps of applicati
-AStudentsd training on
wi || be acquired cumul
-ATraining students on
enhance main skills of
- Al mprove st udweagetstudestk i |
should know how to rea
-ACol l aboration, the di
group, they must be tr
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Pattern Key findings Quotation Examples

Similarity STEM - AStakehol dersdé6 awarene
teaching -ATraining of the super
requirements MOEHE. 0O
related to - ASemester plan ali gnme
Stakeholders subjects for same topi

- ASui t a sditable toolsnfoe each unit or topic
flexible semester plan specified for STEM with
enough time for studen

-AScientific concepts a
cumulative method from different subjects or
disciplines and from grade onen t i | gr a

Similarity STEM - ASTEM i mpl ementation 1
teaching curriculum, in addition to strong infrastructure an
requirements facilities suitable fo
related to -ATiI me , facilities , f

Stakeholders - fi A wdesighed curriculum that is aligned with
STEM specifics. 0

4. 1.3 Teacherso perceptions of t he

student sdéd outcomes.

Subquestion 3: Wh atperaeptons sfthe impactef STEMa c h e r

education on students6 outcomes in Qat
4.1.3.1Quantitative Results (Survey)

The third domain included eight statements related to the impact of STEM
education on student stradtedonutdble ¢lieslsow thR ehs ul t s
overall teachersé perceptions of STEM ed
relatively high with an overall mean value (4.10) and standard deviation of (0.62).
Remar kabl y, t wo stat ement students hcquirescdticat 0 w h e
thinking skills and use of data driven e\
devel oping studentsdéd creativityo scored t

deviation of (0.68) and (0.70) respectively. However, theas e me n t stated
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prepares students for international stand

scored the lowest mean with value of (3.97) and highest standard deviation of (0.75).

Table (1) : Descriptive Stati stimmpms of GTEMDR ac her
students6é outcomes.

Statement Min Max Mean S.D.

STEM helps students acquire skills related directly tc
STEM careers.

STEM helps students acquire critical thinking skills &
use of data driven evidence.

STEM helps students acquire authentic problem
solvingskills to help in making decisions in the real 2 5 4.09 0.70
world.

STEM helps students leverage collaborative learning
execute STEM learning projects.

STEM helps students acquire engineering abilities
(define the needs, design, and make a certain produ 2 5 410 0.73
to make beneficial products.

STEM prepares students for international standardiz
assessment such as PISA and TIMSS.

STEM has a positive i mpa

2 5 4.07 0.67

2 5 416 0.68

2 5 410 0.71

2 5 397 0.75

- 2 5 416 0.70
creativity.
STEM helps students acquire decisimaking skills. 2 5 411 0.67
Total 2 5 410 0.62

4132Qual i tative Results (focus gr

The present findings frongualitative analysis as shown in tabl&2)( is
consistent with the quantitative analysi
perceptions of the impact of STEM educat:i
findings emerged and were related to the impa of STEM educati on
affective di mensions, l'ife and 21st ceni

achievement in international exams as shown in taf@e (
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The initial two key findings show si mi
first domain, all groups stated that STEM education would have a great impact on
studentsd6 devel opment to become independ
confidence, motivation and enthusiasm for learning. Another promising finding was the
impactof STEMon bot h st ud®aentusyGkils. STEM will deselo® 1
st udent s forekamgleereativekthinkihgsskills, and Zicentury skills such as
problem solvinggritical thinking, and metacognition skills. In contrast to the previous
domai ns, the third domain showed wvarianc
groups emphasized that STEM will increase achievement of international exams such
as PISA and TIMSS. Only one group stated that STEM is not related because
international examsepend more on reading and analytical skills, which need further

training of students, rather than skills acquired via STEM.

Table (2 : Teachersé perceptions of t he 1 mpa
outcomes.

Pattern  Key findings Quotation Examples

Similarity Impact on -Alt will expand studen

st uden intheirlives to think about how and how to make
wi se decisions accordi

affective Alt il buil d i d kills
. . - i Wi ui i nde pskils
dimensions ) ) . )
that allow him to face various situations and becon
creative in real pract.i
-0t wi || i ncrease stude

one correct answer thus this will encourage studer
to interact more and it will prevent some

psychologe a | probl ems such
-ASTEM wi | | i ncrease st
ent husiasm for | earning¢
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Pattern  Key findings

Quotation Examples

Similarity Impact on -
studen
and 2%
century -
Skills

Variance Impact of -
STEM on
studen
achievement
on
International -
exams

Similarity Impact of -

STEM on
studen
achievement
on -
International
exams

A St ud e rotbs a thinkez hther than receptor ¢
knowledge, where they invent solution for problem
facing them in real i f
AStudents will acquire
skills so students know how to think outside the bo
students are aware of théirh i nki ng. o
Alt will 1 mprove studer
outcomes that are not measured by paper test, it

i mprove their thinking
Alt will enhance studer
problems and invent solutions that will be reflected
changinghi s mi ndset . 0
AStudents will acquire
thinking skills and i nc
AStudents can face rea
what they learned in real life. Acquired skills will la:
in real life students will makenore connection

bet ween subjects area ¢
Al t  will i mprove studer
TIMSS as these international exams based on
understanding and applicationt recalling of
information, and STEM will let students think,
analyze and solve probl
Al t  will i mprove studert
exams, as students already face same experience
their learning practices , same ideas , based on
creatiwe thinking, problem solving , students scienti
skills, mathematical skills and this will improve the
students | earning out cc
ARStudents develop their
STEM in cumulative way, so when we compare
students outcomes in TIMSS exam in grade 4 ther
grade eight, it will st
Al nternational exams de
analyzing skills, as mosf the questions is in the
form of reading passage and questions, so studen
should be trained on reading and how to understar
the passage, so they c:¢

414Teacher s

implementation.

0s optleerclalempgesifasimy STEM
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Subquestion 4: Wh a 't are the science tec¢

facing STEM implementation in Qatari public primary schools?

4.1.4.1Quantitative Results (Survey)

The last domain of the survey covers eight statements related to the challenges
that hinder STEM implementation in Qatari primary public schools. Findings illustrated
intable@3) show that the overall teachersodo per
implementation is relatively high with an overall mean value (3.99) and standard
deviation of (0.60). However, the lack of STEM professional development programs
for teachers scored the highest mean value of (4.20) and standards deviation of (0.74).
On the other hand, the statement related to the high cost of materials and equipment
utilized in STEM lessons got the lowest mean with value of (3.82) and highest standard

deviation of (0.88).

Table (L3 : Descriptive Statistics of Teachers

implementation.

Statement Min Max Mean S.D.

Searching and finding an idea to conduct STEM

activities.

A need for knowledge enhancement beyond youl
major, related to STEM subfields.

How to conduct for mat:i

achievement in STEM lessons.

Finding extra time for students to conduct STEM
lessons.

Materials and equipment utilized in STEM lesson
are expensive.

The required experience of teachers in their field:

2 5 3.95 0.72

1 5 3.89 0.79

1 5 3.85 0.78

1 5 401 0.82

1 5 3.82 0.88

for effective STEM implementation. 1 S 41008l
Engaging all students in large classrooms. 1 S 4.07 0.87
Theinsufficientof STEM professional 5 5 420 074
developmenprograms for teachers

Total 1.875 5 3.99 0.60
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4. 1.4.2 Qualitative Results (foc!t

Based orfocus groups interviews, teachers highlighted several challenges that
hinder SETM implementation in their classes as stated in taBlje Ainong these
challenges, there is consistency with quantitative results, whpgctified that
insufficient of professgonal development was the most noticeable one as all the
participants declared that there are insufficient STEM training programs for teachers
and they stated that QUEMTA is the only professional development program that
address STEM in an active learniagproach. Other challenges emerged were related

to teachers as they mentioned that th
mindset. In addition to the overload of teachers and their limited content knowledge of
STEM domains beyond their specjalMoreover, further challenges raised were the

lack of integrated curriculum suitable for implementation, lack of time, large number

of students within class, in addition to the need of increasing facilities and tools.
Furthermore, there is alsothe laafk st udent sd basic skill s,

plan and its |l ack of flexibility. Finally

obstruct the implementation of STEM.

Table() : Teachersoé percept i anplementdtionc hal | e n ¢
Challenges Quotation Examples
Lack of -AThere i s no enough STEM pi
professional for all teachers. o
development - iThere is |l ack in professi
programs University Exxon Mobil teachers academy is the only prog

t hat present this topic.o

-fAiln my school , I am the o1

program. 0
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Challenges

Quotation Examples

Teache
limitation

Lack of
integrated
Curriculum

Lack of
Time

Number of
students in
the class

Lack of
Facilities
Lack of
Studen
skills

Unsuitable
Semester
plan

Stakeholder
restrictions

A T e ac h ever®adeady carriculum changes and too m
paper work. o

ATeachersd knowledge of ST
it within activities. o
ATraining teacher s, chang

acceptance for change. 0
AThere i s a gap between ho
teach and implement. There is need to change beliefs, ide
and mindset of teachers. o
AThe current curriculum i s
norcumul ati ve. 0

AThere Is no integrated cu
AThe current curriculum i s
i mpl ement ati ono

ATi me and flexibility of s
ATi me needed for I mplement
AProviding enough time for
enough number of | essons f
ANumber of students in cl a

students per class will struggle the effective implementatic
Al feel guilty, because |
fairness or justice in implementation, | can work with grouy
ot with the whole class. o
Tools and facilities for
Budget for training teach
Students are not trained
kills. o

Students are not well tra
Students awareness, their
Number @drwdeleandssemmester plan is not enot

or i mplementation of STEW
Time | imitation of semest

Semester plan should cons
kills required for effect
T hegulations per Specialist from ministry of education
i gher education and some
Supervisors are evaluatin
ontent only not skills. o
There is no consistency b
Di s tomeMOBHEf there is no flexibility and enough
pace for teachers. o
Accountability from MOEHE
ul es. o

e 72 B} e t 3 op Ml | St piien | 372 Bl ! Sen ' B s lien | Silan St t 372 Bilen | Siian ! Sibn ! Sun
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Section Two: Variances Analysis

42Are there any statistical signi

the primary science teachersod perce

background, teaching experience, the received professional

development programs, STEM teaching experience?

4. 2.1 T peeceptionsr f &TEM education according to

Gender:

From the following tablel(5), and with 95% confidence level, thaseno any

significant difference between males and females in all the indicators. Since the p

values of the Ftest are greater than thigrsificance level alpha = 0.05.

Table (19: T-test statistic of teachers' perceptions of STEM education according to

Gender

Std. Error
Gender N  Mean t sig.
Difference

Teacher s6 pe Female 130 4.0813

STEM education knowledg Male 18 4.1032 0.1612 -0.1356 0.892

Teacher s6 pe Female 130 4.0958

STEM teaching 0.1526 -1.1926 0.235
requirementsl Male 18 42778

Teachersoé6 pe
impact of STEM education Female 130 4.0885 0.1563 -0.4558 0.649

on student sé6 Male 18 4.1597

Teacher s6 pe Female 130 3.9750

challenges facing STEM 0.1501 -0.6291 0.530
implementation Male 18 4.0694
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422Teacher so perceptions of STEN

Educational Background

The original educationddackground variable has four categories (Bachielor

Higher Diplomai Masteri Doctoral) recall table @ of frequencies:

Table (B): Descriptive statistics of teachers according to their teaching experience

Educational Background Frequency Percentage
Bachelor 117 79.1
Higher Diploma 11 7.4
Master 19 12.8
Doctoral 1 0.7
Total 148 100

The frequencies in Higher Diploma and doctoral are very few, so the researcher
regrouped the data to Bachelor and Post Graduates which includes (Higher Diploma

Masteri Doctoral) as shown in tableqt

Table (I7): Descriptive statistics according to regrouping of teaching experience

Educational Background Frequency Percentage
Bachelor 117 79.1
Post Grad
(Higher Diplomai Masteri Doctoral) 3l 20.9
Total 148 100
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Based on the above table7)lthe researcher performed the statistical testing
using the new groups as shown in tab®.(The following table stated that with 95%
confidence level, there is no significant difference between teacherBadthelor
degree and teachers with post Graduates degree in all the indicators, sincalties p

of the T-test are greater than the significance level alpha = 0.05.

Table (B): T-test statistic of teachers' perceptions of STEM education according to

edwational background.

Std. Error
Educational Background N Mean T-test Sig.
Difference
Teacher s6 p Bachelor 117 4.0794
STEM education Post 0.129 -0.170 0.865
knowledge Grad 31 4.1014
Teacher s6 p Bachelor 117 4.1080
STEM teaching Post 0.123 -0.385 0.701
requirements. Grad 31 41554
Teacher sd p Bachelor 117 4.0972
the impact of STEM
education o (I;osc'fI 31 4.0968 0.126 0.004 0.997
outcomes. ra
Teacher so p Bachelor 117 3.9904
he chall faci 121 154 0.87
the challenges facing Post 31 39718 0 0.154 0.878

STEM implementation Grad

4.2.3 T e a ¢ hperceptibns of STEM education according to

teaching experience

Results from th below table () showed thathere is no significant difference

at 95% confidence level between teachers in relation to different teaching experience
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in three domains; SETM education knowledge, STEM teaching requirements and

i mpact of STEM educati on -valnesefthefesequat 6 out
(0.129), (0.281) and (0.129) respectively are greater than the significance level alpha =
0.05. Additionally, there is a significant difference between the teachers with different
teaching experience years, regarding their geiwes of challenges facing STEM
implementation. Since theyalue of the Rest equal (0.013) which is less than the

significance level alpha (0.05).

Table (B): ANOVA statistic of teachers' perceptions of STEM education according to

teaching experience

Teaching Experiencc N Mean F-test Sig.

Less than 5

17 4.2353
years
From 6 to 10
Teachersbo Per ¢ years 43 4.1711
education knowledge 1.923 0.129
From 11 to 15 50 4.1114
years
16 years or more 38 3.8816
Total 148 4.0840
Less than 5 17 4.2995
years
From 6 to 10
Teacherso per c ogs 43 4.1522
STEM teaching requirements. 1.288 0.281
From 11 to 15 50 4.1364
years
16 years or more 38 3.9737
Total 148 4.1179
Less than 5 17 4.3456
years

Teacherso p_erch0m6t010 43 4.1366
impact of STEM education on Years

A 1.917 0.129
studentso outCFr0m11t015 50 4.1050
years
16 years or more 38 3.9309
Total 148 4.0971

86



Teaching Experiencc N Mean F-test Sig.

Teachersodo per C | ess than 5
challenges facing STEM 17 4.2574 3.694 0.013

) : years

implementation
From 6 to 10 43 3.9709
years
From 11 to 15 50 4.0825
years
16 years or more 38 3.7566
Total 148 3.9865

Furthermorethe pairwise effect size summarized in the following tabl@):

Table@)) : Cohendés D effect size
Cohen's D
From 6 to 10 years 0.481
Less than 5 years From 11 to 15 years 0.294
16 years or more 0.841
Less than 5 years -0.481
From 6 to 10 years From 11 to 15 years -0.187
16 years or more 0.360
Less than 5 years -0.294
From 11 to 15 years From 6 to 10 years 0.187
16 years or more 0.547
Less than 5 years -0.841
16 years or more From 6 to 10 years -0.360
From 11 to 15 years -0.547
Cohenos ef fect si ze IS a quantitatiywv

experimental effectlt shows the relationship between two variables, whereas the
greaterthe effect size indicates stronger relationship and vesa(Cohen, 1998)

According toCohen (1998)whenthe value of d equals (0.2)jidicatesa 'small’ effect
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size,while (0.5)indicatesa 'medium’ effect size and (Oi@ficatesa 'large’ effect size.
This means that if two groups' means do not differ by (0.2) standaetidas or more,

then the difference is trivial, even if it is statistically significant (Cohen, 1998).

Regardless the sign that indicates the direction of the effect, the magnitude of

the Cohends D showed that:

- There is ignorable effect size betweeniré to 10 years) and (from 11 to 15

years) since |d| = (0.187) which is less than (0.2) (Cohen, 1998).

- There is small effect size between (Less than 5 years and from 6 to 10 years) of
value (0.481), (less than 5 years and from 11 to 15 years) of vah¢d)@nd
from (6 to 10 years and 16 years or more) with value of (0.36). This means that
teachers with | ess than 5 years teac!
perception about the challenges facing STEM implementation than teachers
with 6 to 10 yearsetaching experience, teachers with 11 to 15 years teaching

experience, teachers more than 16 years of teaching experience.

- There is moderate effect size between from (11 to 15 years) and (16 years or
more) since |d| = (0.547) , which indicates that teactwth 11 to 15 years
teaching experience have higher t each

facing STEM implementation than 16 years teaching experience or more.

- There is strong effect size between (less than 5 years) and (16 years or more)
since |d| £0.841), which indicates that teachers with less than 5 years teaching
experience have higher teacherds perce

implementation than 16 years teaching experience or more.
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424 Teacher sbo perceptionerdingfo STEI
received STEM professional development programs.

The below tableq1) showed that with 95% confidence level, there is significant
difference in perceptions between teachers who received STEM related trainings and
teachers who did not in three domains: knowledge about STEM education, STEM
teaching requirements and theimpacof STEM on student-s0 out
value of the Fiest equals (0.000), (0.000) and (0.003) respectively, which is less than
the significance level alpha = (0.05). Furthermore, with reference to Cohen D values,
there is higher medium sizeeffécor t eacher s6 perceptions wl
trainings than teachers who did not receive it, mainly in the three domains; knowledge
about STEM education, STEM teaching requirements, and the impact of STEM on
students out come scoreh(B.613),d58M and (0.0) respactivele s s

(Cohen, 1999) .

However, there is no significant difference on perceptions between teachers
who received STEM related trainings and who did not related to the challenges facing
STEM implementation. As theyalue of the Ftest = (0.372), which is greater than the
significance | evel alpha = (0.05) and wi't

(0.2) which indicates ignorable effect size supporting the significance testing results.
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Table @1): T-teststatistic of teachers' perceptions of STEM education according to

received STEM professional development program.

Have you ever received an) Std. Error T - Cohe
N Mean Sig.
STEM related training? Difference test D

Teacher s6 | No 88 3.9253

towardsknowledge 0.102 -3.825 0.000 0.613
about STEM education Yes 60 4.3167

Teacher s6 | No 88 3.9752

towards STEM 0.098 -3.599 0.000 0.579
teaching requirements. Yes 60 4.3273
Teacherso |\, gg 39716
towards the impact of

STEM education on Yes 60 4.2813
student sod '
Teacher s6 | No 88 3.9503
about the challenges

facing STEM Yes 60 4.0396
implementation

0.101 -3.068 0.003 0.500

0.100 -0.895 0.372 0.150

425Vari ance | perceptiena coh STER! 6education

according to STEM teaching experience.

Table @2): T-test statistic of teachers' perceptions of STEM education according to
their STEM teaching experience.

Have you taught STEM Std. Error Cohe
N Mean T-test Sig.
lesson? Difference d

Teacher s6 No 95 3.9526
perceptions of

STEM education Yes 53 4.3194
knowledge

Teacher s6 No 95 3.9952
perceptions of

STEM teaching Yes 53 4.3379
requirements.

0.105611 -3.473 0.001 0.574

0.100609 -3.406 0.001 0.564
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Have youtaught STEM Std. Error Cohe
N Mean T-test Sig.
lesson? Difference d

Teacherso N, g5 30855
perceptions of the

impact of STEM 0.103483 -3.012 0.003 0.503
education on Yes 53 4.2972

student s
Teachers
perceptions of the
g_lraEllﬁlngeéacmg Ves 53 4.0684 0.101931 -1.252 0.213 0.214

implementation

0
0 No 95 3.9408

The previoustable @2) with 95% confidence level represented that there is
significant difference in perceptions between teachers who teach STEM and teachers
who did not in three domains: knowledge about STEM education, STEM teaching
requirements and the i mpact of SauEM on st
the T-test equals (0.001), (0.001) and (0.003) respectively, which is less than the

significance levehllpha = (0.05).

Furthermore, with reference to Cohen D values, there is higher medium size
effect for teachersodé perceptions who teac
domains; knowledge about STEM education, STEM teaching requirements, and the
i mpact of STEM on students outcomes, as

and (0.503) respectively.

Moreover there is no significant difference in perceptions between teachers
who taught STEM lessons and who did not related to the challengeg fBiCEM

implementation as the-yalue of the Test = (0.213) which is greater than the
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significance | evel alpha = (0.05). Mor ec

ignorable effect size supporting the significance testing results.
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Chapter Five: Discussion and Conclusion

The main purpose of the current study is to examine perceptions of primary
science teachers regarding STEM education in Qatari public schools, in addition to
investigate challenges that may hinder STEM implementatioprimary public
schools. Furthermore, the study aims at exploring if there is any significant statistical
di fference Iin teachersd6 perceptions based
experience, the received STEM professional developmpeograms andSTEM
teaching experience.

In this chapter, the researcher is discussing and interpreting results presented in
chapter four in relation to research questions and discussed literature review. At the end
of this chapter, recommendations based on discussion and conclusion presented for

further proposals and future studies within the same field.

5.1 What are science teacherso perc
in public primary schools in Qatar?

Data collected to answer the first question indicate that science teachers in
primary pullic schools in Qatar have relatively high perceptions of STEM education.
Overall, there was consistency between quantitative analysis results and qualitative
analysis findings to answer the sub questions, which represent the four main domains
of the firstquestion in this study. Results obtained agreed with most studies conducted
in the MENA region, such as (Al Anzi and Al Gabr, 2017; Al Aitebey, 2018) as they
reported high science teachers perception
STEM teachingequirements. While, Al Basha (2018) specified that STEM education
was well perceived bynainstreanof teachers in UAE , and Elayyan & Al Shizawi (

2019) and Al Salamat, (2019) indicated high perceptions of science teachers towards
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integrating STEM in taching science. However, it was in harmony with few studies
conducted in other regions such as (Smith et al., 2015, Park et al., 2016; Khuyen et al.,
2020), where they all reported that teachers had high perception for STEM education.
To discuss these fimlys thoroughly, the researcher will discuss eachagugstion

separately.

51.1Wh a't are the science teachersodo per

knowledge in Qatari public primary schools?

The first subquestion investigated perceived knowledge about STEM
education. Bell (2015) and Nugroho, Permanasari, and Firman (2019) findings stressed
on the i mportance of wunderstanding teache
their efficacy and practices upon implementing STEM. Results from the quantitative
anay si s reported teachers6 high perceptio
education. Knowledge of STEM enclosed description of STEM nature, STEM
integrated disciplines, STEM and its relation to future careers, and STEM instructional
practices. Teachertiewed a high level of knowledge related to linking STEM to-real
|l ife problems to enhance students thinki
confidence in emphasizing that probkyased learning is a crucial element in STEM
instructional practicesOn the other hand, teachers were less confident in their
integrating STEM disciplines content. This is considered as common results reported
in many studies such as (Al Anzi & Al Gabr, 2017; Al Basha, 2018; Smith et al., 2015).
These studies agreed that aliigh high perceptions of teachers towards STEM, yet
they still showed less confidence in integrating some disciplines such as technology
and engineering, and they need to increase their understanding related to integration of

these disciplines within thelessons.
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Quantitative data was further confirmed by the qualitative data. Teachers
showed variance in describing STEM education in relation to integrated disciplines.
Some groups well described STEM as their description includes the main disciplines,
ts i ntegrative nature and some of its prac
or topic by linking science, math, engineering and technology. Technology is any used
tools such as measuring tools or computers during research. Pisidiieny in STHE/
includes using numbers, data, calculations, units, data analysis, and engineering
design. 0 While others stated that ASTEM
Mathematical branches to deepen theses information via engineering or mathematical
calcuat i ons 0. Such response shows t hat t e
mathematical branches, which reveals their misconception of their engineering concept
and their confusion between fAengineeringdc
same term in Arab. In addition, teachers did not mention integrating technology as a
key element in STEM, which means that teachers need to enhance their understanding
of integrated STEM disciplines. This result is in harmony with Al Basha (2018) and
Madani (2020) findigs t hat hi ghl i ghted teachersd | a:

definition of STEM and their need to further understand disciplines core concept.

Furthermore, Most of the groups were knowledgeable and of high awareness of
STEM aims in relation téuture careers. This was clarified from their responsekb s
as: ASTEM aims to guide students to STEM
Ministry of Commerce in the USA, and they reported that job opportunities for those
with specializationsrelatddo mat hemati ¢cs and science inc
teachers stated, ASTEM i s a worl dwide prc
people who aspire to educate their children at a high level, to enroll their children in

STEM Schools becausegualifies them for specialized jobs in the future. On the other
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hand, one group mentioned that STEM only refer to STEM careers rather than directing
and guiding students to these fields. The
to professions, durather, it just refers to them, for example, while discussing space,
teachers imply that this specialty is important for the future, another example refers to

the importance of medical professions."

Conversely, respondents’ answers showed obvious kdoavl®f STEM
relation to real life, where all the scientific concepts are applied to solve various real
life problems, and how this enhances students thinking skills to solve these authentic
probl ems. They st at ed -lifehpeoblemé @eTt&k Malife s | i n k
problems it addresses, for example, extinction of animals, global warming, pollution,
all solutions are generated by students, which highlights the importance of finding
solutions forreal i f e pr obl emso. Thi s 9lkistagdation al i gn
theory discussed previously in the literature review. Drake advocated for the
transdisciplinary approach in which STEM is connected to-lifealapplications.
Furthermore, focus groups data showed high knowledge and understanding ofhthe mai
STEM instructional pr ac tcertueyskills, dolafioEatibn i s b a
and teamwork, finding solutions for rdie problems, critical thinking solving real life
problems using the scientific method, integrating and using technologlyirapp
mat hematics and different domains of scie
Wang et al. (2011) and Al Basha (2018) who reported that STEM implementation in
classes using problem based learning and prbgstd learning to solve rdidke
problems is essential to enhance student
study resul ts, whi ch pointed out teache

instructional practices of STEM.
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5.1.2 Wh a 't are the science t eate#&ckhings 6 per
requirements in Qatari public primary schools?

Teachersdé perception of the STEM requi
domains. Results showed that there is a consistency between quantitative and
gualitative data, which emphasize the presente hi gh overall teache
STEM teaching requirements. This result is aligned with the results of Al Anzi and Al
Gabr (2017), Al Aitebey (2018) study, which highlighted that teachers had higher
perceptions of STEM teaching requirements thair perception of STEM knowledge.
Qualitative findings pointed out STEM teaching requirements for teachers are
increasing teachersod awareness and bel e
attitudes of teachers towards STEM, in addition to the need ofigaktraining for
teachers on various instructions for STEM planning and implementation such as inquiry

skills, content knowledge, and approaches for integration STEM domains.

On the other hand, key findings emerged in STEM teaching requirements for
stitents are changing studentsod role from r
training them on various skills such as inquiry skills, engineering designs, using data,
literacy skills, and collaboration. In addition, findings included enhancing dtusled
creativity and innovation, and increasing their awareness and knowledge of STEM and
its main disciplines. Moreover, the most highlighted findings were related to
stakehol der s, and the need to increase
practcesa menti oned as Alncrease the stakehol
educationo. Stakeholders are also require
well-designed integrated curriculum, and some physical requirements such as strong

schools infrasticture, tools, and facilities.
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51.3Wh a't are science teachersd percept

education on studentsdé outcomes i n Qatari
Findings in this question showed that
education i mpact on studentsd outcomes i s

teachers reported in their interviews. They all confirmed the positive impact of STEM
ong udentsé devel opment to as teachers sta
with specified skills that allow him to face various situations and become creative in
real practical l i feo. I n addition, t eac

increasing studentsd confidence, motivatio

Furthermore, a promising finding was the impact of STEM on improving
studentsé6 | ife quadnttwyr ywngdkidlelve |l a9 itnlge 2 1m\e
enhance st udresolvirggrobleims and tesign solutions that \wé
refl ect ed oflhisrésultss inrharmathyswath tide results of Elayyan and Al
Shi zawi (2019) study, which report-ed tha

century skills, keep pace withadern scientific development.

On the other hand, three of the groups agreed on the impact of STEM on
student s0 aheintermatopaimxams suchrd3ISA and TIMSS. Most of
the respondents mentioned, dl tAamdiTIMES | mpr o
as these international exams are based on understanding and applying not on recalling
information. STEM will allow students to
ot her groups justify the irreldapendwe r el a
reading and analyzing skills as most of questions are in essay form. Thus, students
should be trained on reading and understanding such questions so they can answer them
correctly. Although the different responses in qualitative finding, ystdifference
show teachersd awareness and positive pe
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literacy skills is a vital element in preparing students and improving their achievement
in these international exams. This is highly aligned with the rationafizhanging
STEM to STREAM, where the (R) stands for reading and writing and justification for
the need to add this disciplines to STEM is the prominence of the literacy skills for
effective implementation of integrated curriculum that requires criticaking and

creativity skills.

514Whatar e the science teachersod percep:
STEM implementation in Qatari public primary schools?

With reference to sufjuestion 4, there is no doubt that identifying the
obstacles thamight hinder STEM implementation is the first step in its effective
implementation in primary classes. Findings revealed several challenges discussed in
the section below. Teachers identified challenges that might face STEM
implementation based on theiragtices in science classes, where they use similar
instructional practices of STEM such as inquiry, project based learning, and problem

based learning.

Remarkably, there is high consistency between quantitative and qualitative
results. Results identifietthe lack of professional development is the most prominent
challenge as all participants stated that there are insufficient STEM training programs
for teachers. Additionally, 40% of respondent who attended STEM training programs
stated that QUEMTA is thenly professional development program that addresses
STEM as an active learning approach. This result is similar to the results of Siew,
Amir, and Chong (2015); Margot and Kettler (2019) study. Furthermore, this justifies
the huge recommendation of implenting more STEM professional development
programs for teachers to change their perception of STEM and improve their practices
as mentioned in Al Anzi and Al Gabr (2017); Madani and Forawi (2019); Elayyan and
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Al- Shizawi (2019); Herro & Quigley (2017) );lt&an and Ercan (2016); Nam et al.

(2020) studies.

Another challenge emergedtise acher s6 bel i efs and min
content knowledge of STEM domains. These challenges are present in various studies
that aimed to investigate the impact of STpMfessional development programs on
teachersd percepti ons, -heghhidy&Mansour§018);, pr act
Nadelson et al. (2013); Altan and Ercan (2016); Pitiporntapin, et al. (2018); Siew, Amir

and Chong (2015) studies.

Moreover, lack oftime is a third prominent factor that hinder the
i mpl ementation from teachersdé perspecti v
various contexts such as time dedicated in semester plans, curriculum, STEM effective
implementation, and the time needeat ttudents to work collaboratively. This
challenge is in line with those of previous studies conducted by Park et al. (2016);
Stubbs and Myers (2016). Furthermore, lack of an integrated curriculum suitable for
STEM implementation and a flexible semegtet an are chall enges f
implementation of STEM in classrooms. These findings are compatible with findings
from Margot and Kettler (2019) study that identified similar challenges including
pedagogical, curriculum, and structural challenges.ithadally, the large number of
students within the classroom and the need for some facilities and tools are other
challenges presented. Finally, constraints imposed by stakeholders is one of the crucial
challenges of STEM implementation as they mentiofiel,c count abi | i ty frc
Supervisors wh o have no uni fied rul eso
supervisors with regards to STEM i mpl eme

consensus with the study ofBeghaidy &Mansour (2015); Margot and Kett{2019),
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which identified challenges related to school management and insufficient support for

teachers from stakeholders.

Overall, onsistency of quantitative results and qualitative findings in the four
subquestions emphasized the high perceptionscnse teachers towards STEM
educati on. Yet, findings highlighted the
knowledge of STEM disciplines and their approaches to allow integration. In addition,
there is a necessity for further clarification of theimaims of STEM education and its
relation to STEM careers, so teachers can consider it in their planning and
implementation of various STEM lessor&sccordingly, this will provide a great
opportunity for teachers to change their perceptions regardinmgaet of STEM on
students6é achievement especially in inte
Finally, identifying challenges that hinder STEM implementation is considered a
primary step to inforce STEM implementation in primary public schools inrQata
These findings have important implications in providing STEM teaching requirements,

i mproving teachersé awareness, understand

professional development programs.

52Do science teacherSTEM qgdecationadiffdri o n s
due to gender or educational background or teaching experience or
the received professional development or STEM teaching

experience?

One of the main objective of this study is to identify whether there are differences

in teahher s 6 perceptions i n t er ms of gender
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experience, the received professional development programs, and STEM teaching

experienceTo answer this question, the stuelkaminedhe statistical question:

fAre there anyst at i st i cal significant di fference
teachersdé perceptions due to gender, educ
received professional developmentprag ms, STEM t eaching exper

Analyzing dataeported thathere are no significant statistical differences in relation to
gender and educational background. However, there is no difference in perceptions
related to teaching experience except for the challenges may hinder STEM
implementation. In contrast, thereear di f f er ences i n teachersbo
the received professional development programs and STEM teaching experience in the
domains related to STEM Knowledge, STEM teaching requirements and STEM impact

on student sdé out differmecssregarding theschatiehgestrat might n o

hinder STEM implementation.

Even though results of the current study shows no significant statistical
di fferences in teachersd perceptions in r
Al Basha (2018eported higher perception in favor to female teachers, while Park et
al. (2016) ); Smith et al. (2015) scored higher perception in favor of male teachers.
Conversely, Madani and Forawi (2019) reported same result of the current study. This
contrast of tk results with other studies in can be explained in attribution to the fact
that MOEHE changed their teaching policy since 2017. They start hiring male teachers
for teaching elementary level. This may show that those male teachers exerts some level
enthusasm in teaching primary grade level, which give rise to this result although the

female teachers were dominant in number in the current sample. Thus, this result can
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provide a starting point for MOEHE to construct and stabilize this level of enthusiasm

for those teachers.

Similarly, there are no differences i
educational background of the teachers (bachelor's degree and postgraduate degree).
This result is similar to Madani & Forawi (2019), while it shows contrash Wit
Salamat (2019) and Khuyen, et al. (2020) studies who reported that there are significant
di fferences in teacherso6é perceptions attr
as they had the more general understanding of STEM education. Thismdmatds
the positive gain of bachelor degree teachers in improving their professional and

personal growth.

Data also shows that there is no sigl
perceptions attributed to teaching experience in three domains: STHbAtewh
knowl edge, teaching requirements, and the
the contrary, there is a significant difference between teachers with different teaching
experience yearsod perception regar.ding c
Further analysis of data reported that teachers with less than 5 years of teaching
experience have higher teachersdé percept
implementation than other teachers. This result is consistent with Al Anzi and Al Gabr
(2017) Khuyen et al. (2020), whose conclusion stated that there are no significant
di fferences in teachersd perceptions in r
al. (2020) justified these results in attribution to other studies who pointed outdhat t
more experience teachers have, t he | ess
instructional innovations. However, differences resulted in challenges agree with Al

Salamat (2019); Park et al. (2016) study, although they related differences in
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perceptiondn favor of higher teaching experience group. Thus, these highly scored
di fferences in favor of teachersd group W
attributed to their limited experience and the need to enhance their practices to decrease

challenges thg face upon implementing STEM.

Furthermore, results indicated a significant difference in teachers' perceptions
in favor of teachers who received STEM professional development in three main
domains: STEM education knowledge, STEM teaching reouéngs, and the impact
of STEM education on studentsd outcomes.
between teachers who received STEM training or not regarding the challenges facing
STEM i mpl ementation. To t he areem®estadies her 6s
investigating the difference in teacher st
professional development program. However, many studies reported the positive
i mpact of professional devel opmeatticespr ogr
such as Nadelson et al. (2013); Siew et al. (2015); Altan and Ercan (2016); Herro &
Quigley (2017); Nam et al. (2020) studies. This also justify recommendations in several
studies to provide STEM specialized professional development programssskEh a
Deghaidy & Mansour (2015); AL Anzi & Al Gabr, 2017; Altan and Ercan (2016);
Khuyen et al, 2020 and the recommendation from Al Aitebey (2018) to conduct more
studies on the i mpact of professional de\

and peformance.

Findings also indicated that there is a significant difference in perceptions in
favor of teachers with STEM teaching experience. The difference is reported in the
same three domains; there is a highermediumz e ef f ect f oswhdt eac he |

has STEM teaching experience than teachers who do not. There is no difference in
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teachersdé perceptions reported concernin
bet ween results of teachersd perceptions
devdopment and STEM teaching experience in the challenge domain is attributed to
similarities between Science and STEM practices and obstacles in authentic classes,
and thus most science teachersd can wunde

implementatio.

5.3 Conclusion

The current study has investigated sci
education in primary public schoola the State of Qatar. Data wegathered by
surveying 148 science teachers and interviewing four focus groups, with auatber
of 12 teachers. A webased survey consisted of two main sections, section one
included demographic data, while section two consisted of four main domains:
teachersé perceptions towards STEM educat
STEMteabi ng requirements, teachersdé percept
on students6é outcomes and teachersodé perc
implementation. Results obtained indicate that science teachers in primary public
schools in Qatar havkigh perceptions towards STEM education in the four main
domai ns. However, findings highlighted tF
and knowledge of STEM disciplines and their approaches of integration. Furthermore,
various challenges were repattdn this study included lack of professional
devel opment , changing teachersé6 beliefs,

disciplines and its integrative nature, lack of integrated curriculum, lack of time, large
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number of students in class, limited gfudt s 6 s ki | | s, flexibilidt

stakehol dersdé restrictions and awareness.

Finally, data showed that there were no significant differences between
teachersé in term of gender, educational
difference related to teaching experience in STEM knowledge, STEM teaching
requirements and its impact on students outcomes, while there was differences related
to challenges hinder its implementation in favor to teachers with less than five years of
experienceFur t her more, results indicated signi
perceptions related to the received STEM professional development programs and
STEM teaching experience in STEM knowledge, STEM teaching requirements and its
impact on studestoutcomes in favor of teachers who revived STEM training programs
and who had STEM teaching experience, while there was no differences related to

challenges hinder its implementation.

This study results will benefit the Ministry of Education and Highaxdation
i n Qatar as it provides <clear i nf ormat.
perception of STEM education and challenges that may facing its implementation. The
results of the study provide an opportunity to establish an effective STEM poofdss
devel opment programs that aim to enhance
and skills required to implement STEM effectively in public schools. Finally, results

of the current study give a new horizon for further research on STEM eduibeltion
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5.4 Recommendations

Guided by the results of this study, the researcher recommends that the MOEHE
provides science teachers waldditionaleffective STEM professional development
programs prepared by specialists in STEM education field. Moreover, developing
STEM integrated curriculum and flexible semester plans compatible with the
implementation of STEM education by the MOEHE is highly recemded. Finally,

more research in STEM education field needs to be conducted for different grade levels

such as preparatory and secondary stages.
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Appendix

Appendix 1. Number of primary public schools in Qatar.

) gig gl g Asadad) Al ot ol g DA

k! / Yo\A
STUDENTS AND TEACHERS BY LEVEL OF EDUCATION, GENDER AND TYPE OF EDUCATION
2018/2019
TABLE (63) (1) Js
Education Type sl o) ) gl e pdgs
Total Private ) Covemment Schools
Educational g o el e G o T
Level & Gender Teachers Students Teachers Students Teachers Students 2 gilly w
Males 456 28171 456 23912 0 4259
Pre rimany” i oy,
Females 4,187 26,29 3142 21615 1,045 4681 -
Males 2677 80,306 1,855 52,997 822 2309 .
Primary Ly
Females 10,416 76,797 4542 47429 5874 29368 <d
Males 2,129 30,587 680 17,094 1449 13493 &
Preparatory sy
Females 3,055 29,491 1394 14,664 1,661 14,821 -
Males 2214 25,489 554 12,081 1,660 13408
u
secondany”’ s
Females 2,570 24432 978 10225 1592 14200 <
Males TAT6 164,553 3,545 106,084 3,931 58468
Total Females 20,228 157,016 10,056 93,933 10,172 63,083 = fpad
Total 21,704 321,569 13,601 200,017 14,103 121552 paa
(1) Include Qatar Foundation Schools. et i i 1)
(2) Include nurseries. i) Jusi 1)
(%) Include Specialzed Secondary. Aeaaid iyl Jus )
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Appendix 2: Survey of teachers perceptions towards STEM education
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