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EEL GG EN TR SR Science learning in the classroom, which involves cognitive and

practical activities, requires teachers’ creativity when designing technology-based science
learning units. In this context, teachers' professional skills are crucial concerning both their
mastery of subject matter and their ability to integrate Information and Communication
Technologies (ICT). Therefore, science teachers should have a solid understanding of
integrating ICT into teaching. Various models have been proposed in this area, including the
Technological Pedagogical Science Knowledge (TPASK) framework for science teachers. Thus,
this study aimed to design, develop and validate a suitable framework for the effective
teaching of science in lower secondary schools based on the TPASK approach.

This study was exploratory in terms of purpose and was applied and
developmental. This was a mixed-methods study. The study was conducted in two phases. In
the qualitative section, a descriptive-naturalistic approach was adopted, specifically using the
case study strategy. To identify the components of the model, a thematic analysis method
based on the Attride-Stirling method was employed. Thus, semi-structured exploratory
interviews were conducted, and the opinions and viewpoints of individuals who had extensive
experience in implementing the science curriculum and were familiar with the existing space
and conditions were elicited to obtain information and model categories; therefore, the
target population consisted of middle school science instructional leaders and distinguished
science teachers, and purposive sampling was used to select them, and 17 semi-structured
interviews were conducted until theoretical saturation was reached. The number of
participants in this study could not be predicted from the outset. To ensure the reliability of
the qualitative data, two methods of re-coding by a second coder and re-coding by the
primary coder were used. The inter-coder reliability coefficient was found to be 0.79, while
the re-coding reliability coefficient was 0.77, indicating a satisfactory level of agreement. The
efficiency of the obtained model was also confirmed through questioning and searching by
colleagues and participants involved in the study. In the quantitative phase, which was
conducted using a survey method, a five-point Likert scale questionnaire was developed to
validate the model, and the instrument’s face and content validity were assessed by six
experts and faculty members. Subsequently, the questionnaire was distributed among 50
individuals, including curriculum specialists, reference educators in science education, IT
trainers, educational group leaders, and experts in science education, using purposeful
sampling. After data collection, the results were analyzed using SPSS version 27 and Structural
Equation Modeling (SEM) with a Partial Least Squares approach (PLS3).

Based on the results obtained from the qualitative data analysis using thematic
analysis, 169 primary codes (basic themes), 22 subcategories (organizing themes) and five
overarching themes related to the model of science education science in lower secondary
schools based on the TPASK approach were identified. The quantitative results also indicated
that in this model, all observed variables bear a factor value higher than 0.50 over their
corresponding latent variable, with significant relationships among them. Cronbach's alpha
and composite reliability coefficients for all variables in the model were over 0.70, indicating
that the scale's internal consistency was satisfactory. The average variance extracted was
more than 0.5 for all constructs in the model, confirming the model’s convergent validity. The
coefficient of determination (R?) was deemed acceptable for all model constructs, and the
Goodness-of-Fit (GOF) of the structural model was confirmed. The Q? criterion also indicated
adequate predictive power of the model concerning the endogenous constructs of the
research. The t-values of all model pathways were reported to be greater than 1.96, and the
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GOF index was obtained at an intense level. Based on the results of structural equation
modeling using the partial least squares method, the findings confirmed the positive and
significant relationships among the designed pathways within the model. In addition, the one-
sample t-test demonstrated the appropriateness of the current status of the components.
The themes introduced in this model included a deep understanding of
educational technologies and their connection with pedagogical principles, providing science
teachers with tools to deliver more engaging scientific content and enhancing students’
scientific and practical skills. Furthermore, it could help teachers understand and apply the
interrelationships between technology, pedagogy, and content in their teaching methods,
which ultimately would lead to improved teaching quality and may empower students to
learn science more effectively. From a practical perspective, the TPASK framework can be
considered a strategic tool for curriculum designers in science education. Incorporating a free-
choice lesson to allow flexibility for teachers and students can be a practical approach to apply
technology in order to determine content and the teaching-learning process in science
education.
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Table 1: Information related to experts for interview

Gender  experience Field of study Degree Code
S0 25 ;5")“7”?51‘9 L?"'L""“‘JLT 01
Man sciences Undergraduate
u) 18 G_‘,L;__‘:‘,;__,__,«} “\"‘Ul 6"‘"L““)l5 02

Woman Biology MSc
Ny 20 el bl 03

Woman sciences Undergraduate
Sy 30 el bl 04
Man Sciences Undergraduate
Kyos 23 b ) Al ewliss )5 05
Man Biology MSc
o - s esle syl 06

Woman Sciences Undergraduate
) 27 el bl 07

Woman sciences Undergraduate
) 15 el bl 08

Woman sciences Undergraduate
Sy 28 s esle syl 09
Man sciences Undergraduate
) 20 el bl 10

Woman sciences Undergraduate
oy 2 s esle syl 11
Man sciences Undergraduate
oy 25 sl sl 12
Man sciences Undergraduate
53] 17 5o Al gulit)lS 13

Woman Chemistry MSc
oy 3 sl S al 14
Man sciences Undergraduate
5 2 ek P "

Woman sciences Undergraduate
O 28 A5’}’7UI°91‘C gs“’l““’)ls 16

Woman sciences Undergraduate
O 30 A_sJ)’UIby& gs“’l““’)ls 17

Woman sciences Undergraduate
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Table 2: The results of the re-coding of the interviews by the second coder
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B8lgs pae loas slasy

Loy sdel Cowsdy sloaS slows

Number of non- Bl 9,50 slanS 2l ped laSaS Alegh s
agreement codes Number of agreed codes Number of codes obtained by the Number of codes obtained by Code
second coder researcher
9 45 54 02
13 52 65 08
12 31 43 16
34 128 149 162 total
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Table 3: The results of decoding the interviews

Bl pac sous sl

£99,b odel e sloaS olass
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38095 o oS slaws Ry
Number of non-agreement l\ffmjz)er)i; e::reed codes The number of codes obtained J5‘ S Code
codes twice The number of codes
obtained the first time
18 46 52 54 05
12 23 38 35 09
16 53 59 69 14
36 122 149 158 total
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Table 4: Themes and Factors Extracted in the Formation of the Theme Network

(adsl sloas) gl yuolae 31 > 5
Some of basic themes (Initial codes)

ERE
Frequency

ERSEXRN PN W
Organizer themes

5158 Gealine
Overarching
themes

1) psle 530 5 2 Ghisel 41) olS1R sl zpsle (oissl s3lomale 5 siloisie

H5) Gy 50 RSlp il slaus B olnl 43) (o aSpsle (Bigel 105 Sl
Materializing and Making Science Education Tangible for Learners (1); Improving and making the
teaching of sciences more effective (1); Enhancing the effectiveness of science education (3); Creating
challenging opportunities in teaching (5).

Gootd 15,500 ages 46) 15113 o 5l p3Y sla Kl g b )lpe oS {(4) D> s oy
{13) (550l — (200l 0T b anwgs (11) (5 5ol
Nurturing a creative generation (4); Acquisition of the necessary skills and competencies by the learner

(6); Facilitating learning; Deepening Learning (11); Developing the Teaching-Learning Process (13).
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(17) hjsel cngb
Responding to the special needs of learners (4); Acquiring the necessary knowledge in the field of
learning (5); Bringing learned concepts and developed solutions closer to the real world for student
learning (learning cognition) (12); Recognizing learners in order to provide effective trainings (12);

Recognizing individual differences among students and the necessary methods to stimulate learning
motivation (15); Staying Abreast of Emerging Trends in Learning and Novel Approaches to Pedagogy (17).
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Reduction of time wastage (1); Managing challenges among students in the classroom (2);
Understanding of classroom management rules and standards (3); Teacher's competency in classroom
management (4); Optimizing instructional time (7); Fostering student-student interaction (10); Creating

a collaborative environment among students for enhanced learning (11); Flexibility in responding to
events and unexpected classroom situations (16).
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Teacher attention in utilizing technology to facilitate teaching and learning (2); Creating greater interest
and enthusiasm in students towards learning through the use of educational technologies (5); the effort
to utilize innovative educational technologies (6); Positive attitude towards the implementation of

technology in education from the teacher (8); Teachers' creative attitude in use of technology (11); Belief
in educational technologies for more concrete and tangible learning (13).
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The necessity for teachers to stay current in knowledge of technology use in teaching (3); Having
awareness and skills in implementing a technology-based classroom (6); The integration of subject
matter knowledge and technology by teachers for effective instruction (12); Teacher awareness of
technological capabilities in the classroom (12); Teacher's awareness of the role of technology in

students’ learning (14); Changing the teacher’s effective teaching methods through familiarity with new
changes of educational technologies (15); Expanding the teacher's technological knowledge (17).
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The ability to apply modern technologies to enhance the attractiveness of classrooms (1); Ability to
employ technology for practical activities with student involvement to reinforce learning (3); Through
the simulation of elements, the teacher can create opportunities for creativity among students (5);
Teachers' proficiency in using technology helps students obtain different results by changing variables

(7); achieving noticeable improvements in learning through the use of new technologies by teachers (9);
employing diverse teaching methods through with the Skill use of technology (10).
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Familiarizing students with real-world elements and simplifying them into a form that is applicable in the
classroom (2); To achieve Students themselves reach the final outcomes in their learning (4); Acquire
technological scientific literacy (8); Nurturing a lifelong learner (9); Develop essential skills for sustainable

learning (11); Achieve the objectives of science education (knowledge, skills, and attitudes) (15); Gain an
understanding of the surrounding world through the student himself (17).
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(11) Sl

Elimination of Structural Barriers in Schools Group Practical, and Experimental Activities (1), (13).
Centralization of the educational system (2); Limited time allocated to science education (3); large
number of students in a science classroom (5); Necessity for hiring laboratory technicians in all schools
to transform the structure of human resources (11).
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focus on final assessments and limiting the role of the teacher (3); excessive volume of textbooks (6);
Changing the textbooks in a way that directs the teacher towards adopting modern teaching methods
(7); the curriculum structure and content are not aligned with the implementation of new approaches
(13); Flexibility in the curriculum; Participation of teachers and students in the development of part of
the curriculum (5); (15).
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Insufficient familiarity of some teachers with various software applications (1); Some Teachers are
Distanced from Technology and Its Application in Education (5); Lack or shortage of information among
some teachers in utilizing modern technology (9); unfamiliarity of certain teachers with the existence

and usage of virtual laboratories (13); Challenges Faced by Some Teachers in Utilizing Technology During
the COVID-19 Pandemic (14).
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Concerns about attitudes and beliefs toward teaching science concepts influenced by technology (4); a
lack of belief in the application of technology among some teachers (7); sometimes, parents and

consequently, school authorities do not have a positive view of implementing technology in education
(10); Concern about the use of technology in all conditions and situations (15).
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The necessity for science teachers to be proficient and familiar with modern technologies (1); Utilization
of current knowledge and new technologies by science teachers (2); The imperative for science teachers
to acquire digital literacy (5); operationalizing innovative and technological teaching methods in the

context of science education within schools (6); Familiarity with the ethical considerations of using
technologies in science education (11); The ability to apply the TPACK approach (17).
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The use of software such as Microsoft Office, After Effects, 3D Max, Adobe Connect, Photoshop and ...

(1) «(15)¢ The use of augmented and virtual reality technologies and the PhET (3) ¢(13); Emerging
scientific technologies such as artificial intelligence (5); software related to drawing phylogenetic trees
(8); The use of interactive three-dimensional software (11); The Use of 3D Cinema in the Classroom (12).
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Ability to produce content educational aligned with new approaches (1); limited scientific capability in
producing effective content and utilizing it in the science classroom by some teachers (7); The necessity
for proficiency in designing and conducting science activities (11); the necessity of generating electronic
content in science education (13); Teachers should be able to utilize digital platforms to update
curricular content (16).
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Possession of pedagogical content knowledge by teachers (4); Integrative teaching using modern
methods in science education (5); The ability to implement the art of teaching and effective science
instruction in the classroom (6); Skill in selecting teaching techniques appropriate for each learning unit

(8); Skill in establishing effective communication (10); integration of traditional and new teaching
methods (12); Skill in evaluating and providing feedback on student learning (13).

Sl eVl (>l aie; 5o u,-“lﬂ «4) g_c*i’}}‘j b 0 sagday 5 b catdaS £589 5l (g,
o ok b 11) bsel (b jo canlie Lijsel slaaile, Sl 48) ol5gel 2ils 5l b)) 5o

(15) (o350l daz slod Sog) (65,50 L
The prevention of misconceptions and misunderstandings in instructional design (4); awareness of

designing effective (thematic) questions (8); The selection of appropriate educational media in the
design process (11); lesson plan design utilizing a new educational approachs (15).

gl slo il
Oledze
Technological

Challenges by
Teachers

ool (sla 1,55

Sk 5l
Concerns about
Technology Use

a4 S8 Lls
Shisel ysld

pole
Adequate
Proficiency of
Science Education
Technology

-pr b olesl
5050 sla 38l
—psle (el o

eI

Familiarity to

Required

Software for
Teaching Sciences

[PVERW Pt
Ability Produce
Educational
Content

ENIIRPIINC

Teaching Skills

sgel b
Instructional
Design

S 9l Gl

ST
Technological
pedagogical
knowledge

Sgkd il

wpsle
Technological
science
knowledge

Sy Sl

spsle

Pedagogical
science

knowledge




N. Gashmardi, S.M. SeyyedKalan

(B+#)

W e dazo o o6 poilS piisd

‘yolae el - .
(adsl sloaS) ayly cymolias 5l 550 R o RSB el
. - ERSEXN Py W Overarching
Some of basic themes (Initial codes) Frequency
Organizer themes themes
(1) (@l uted 9 Ol 3 olails) plas a3 oole ST Bosbo 5l ol (o apsle plalee S50
CendS e 5 99 ey (oi9el sladelin (LA 85955 H2) plaein 5 (o )d laaelip S i D900
SIS 2 412) L10) 4l iy o (cbi50] ngh sloasby; 2 bl Glalae i )95 (8) oo
s@igel o ysld 6T e o aST L Glalregamiils 5 aslol (s 5o 5 e s 65 sloo gt OW O
s S 55 O yg 05 (14) 0l SIS balad o> 0 Jee (Bigel bl b ol e b yledee igel (13) epsle lolee
15) (2 rmpale (50550l Slacs ol o LIl 5l (655,10 & lee Casdi g5d5e 5o lalee oS (o550l 10 Aadlgs
The development of technology-based science teachers through teacher training centers (University of The Necessity of
Teacher Education and Shahid Rajaee University). (1); The necessity of changes in teacher training Training
curricula (2); The necessity of having cohesive pre-service, in-service, and ongoing educational programs Competent
(8); The necessity of training teachers who are proficient in modern educational methods based on the Science Teachers
ICT infrastructure (10), (12); Holding festivals of exemplary teaching models among faculty members and
student teachers with an emphasis on the use of educational technologies (13); teacher training must
be accompanied by practical training to ensure sufficient mastery (14); the necessity of strengthening
the teacher training system in terms of enhancing skills in the use of tools and educational technologies
in the field of experimental sciences (15).
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Challenges in teaching and presenting scientific concepts to students by some science teachers (3); Insuffifient Development
Insufficient motivation of some science teachers to learn and participate in in-service training courses Knowledge
(4); the requirement and effective encouragement for teachers to attend in-service training courses (5);
Resistance to learning educational technologies among some teachers (11); The diversity of technologies
and the inability of some teachers apply them (14).
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The necessity of conducting training courses to familiarize teachers with software related to technology Updatingy
in science education (2); The necessity of providing the required training for experimental science Teachers'
teachers to use emerging technologies, especially artificial intelligence (5); the necessity of conducting Knowledge in
practical classes to train teachers in the use of required technologies (7); The need to provide training Science Education
on how to produce technology-based for science teachers (10); The necessity of organizing workshops
on how to produce electronic content specifically for experimental science teachers (11); utilizing
technologies to update teachers' knowledge (15).
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The necessity of equipping all schools with laboratories and modern technologies (3); preparing Upgrading of
workshops or specialized classrooms for experimental sciences with the required equipment (5); the Hardware
need to equip schools with modern educational tools and well-equipped laboratories (5); the need to Infrastructure [PRINRESEI X
prepare infrastructure (6); changing the physical structure of schools and sciences classrooms (13); the £ ¢
shortage of facilities Infrastructure, including simulation tools for the application of augmented reality mpFowtermen
(AR) and virtual reality (VR) in certain areas (17). actors
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Fig. 1: The Pattern of Teaching Natural Sciences in Middle School Based on the TPASK Approach
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Table 2: Summary of fit indices of the measurement model
Sl aslo
Fitindices
1Ko 2y, P IRE ElisS Sl oyl Jao 3 olad
©5 5 )35)}3) ©7 3 ).‘.‘g_f))'.,) ©7 3 )35))'%) Dimensions in the model
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Table 6: Evaluation Criteria for Structure Assessment
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Table 7: T statistic values and model test results at 95% confidence level
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