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Abstract: This study presented the conceptualization
of Development Materials (STS module), which was
part of a bigger study to establish a science,
technology and society (STS) foundation in the Nint
Grade Science curriculum in Palestine. It was
discussed the STS approach and constructivism,
followed by a discussion of constructivism and
instructional design. It was then described the
instructional design models used as a guide in
developing the STS teaching and learning materials
(modules) in this study. Furthermore, this study
discussed the formative and summative evaluation
carried out in this developmental research and the
appropriate methods employed for the formative and
summative evaluation. Some essential features and
criteria of high-quality teaching and learning
materials and the process of material development
were also discussed. Finally, this study discusised
conceptual framework of the Development Materials
(STS module).

Keywords Science, technology, and Society (STS),
Constructivism, Instructional Design; STS Materials

INTRODUCTION

he rapid explosion of knowledge in all the

different branches of science has led to change

in the goals of science. The change is from
focusing on knowledge to the application of this
knowledge in the various affairs of life.
Responsiveness to individual needs is not the only
application of science (technology); it must also

enhance the development and welfare of citizeres (th
community). Therefore, daily life is much influemce
by the scientific and technological applications.
Consequently, it is important to begin from daifg |
experience in the teaching and learning of science.
The teaching and learning of science within the
context of human experience (daily life context) is
STS as defined by the NSTA (2006). It has been
found that students will be interested in learning
science in a context they recognize [1].

Around the world the term STS has its own defimitio
and use according to the time and place of usage.
Some examples of these different definitions of STS
in science-related curricula which are known glbbal
as stated by Aikenhead [2] are: “science-technology
citizenship; nature-technology-society; science for
public understanding; citizen science; functional
scientific literacy; public awareness of science;
variations on science-technology-society-
environment; and cross-cultural school science”.
These examples of STS categories in science are
generally considered as tools for assisting petple
achieve the goals of “science for all” and “sciBati
literacy” besides increasing the level of interest
among disinterested students to take part in school
science.

STS and Constructivism

More than just a theory of learning, constructivism
has been considered as the dominant paradigm in
science education since over three decades ago [3].
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Even in the early years of the first decade ofrtbe
millennium, the wide range of constructivist contser
can be seen in the subheadings of science education
articles such as “A constructivist view of learnihg
“A view of science,” “A constructivist view of
teaching,” “Aims of science education,” “A
constructivist view of curriculum,” and “A
constructivist view of curriculum development” [4].
To Fleury [5] constructivism has the potential to
transform educational theory (p. 156). According t
Matthews [4], although constructivism began as a
theory of learning, it has expanded its dominatibn;

is now a theory of teaching, a theory of the origfn
ideas, a theory of education, and a theory of both
personal and scientific knowledge. Constructivism
presents itself not only as an ethical and politica
theory; it is also a learning, a teaching, and an
epistemological theory. Beyond doubt, it is a major
theoretical influence in contemporary mathematics
and science education.

Literature review shows that constructivism is ofte
associated with the variety of educational and
pedagogical approaches in the literature of STS
education [6] as noted earlier. Yager [7] for ex&np
has placed STS as a paradigm shift within the eoad
learning theory of constructivism. He wrote that
teaching techniques that aid students in formugatin
meaning for themselves have been suggested and
evaluated, particularly by educators in STS and tha
“such teaching strategies are now called
constructivist teaching, even though that term is
usually reserved for a way of describing human
learning. STS by definition requires such teaching”
(p- 225).

Aikenhead defined constructivism as a characteristi
for developing STS textbook materials [8]. He dlate
that STS science transfers the focus from an
academic scientist’'s knowledge transmission to the
student’s knowledge construction. This student-
oriented perspective emphasizes “the basic facts,
skills, and concepts of traditional science, buggieo

by embedding that science content in social-
technological contexts meaningful to students” (p.
34). Hence, it deals with practical issues in the
relationship between constructivism and STS analysi
and its impact on student-centeredness and higher
order thinking. It is clear from Yager’s discoutbat

his linking of STS to constructivism is largelyatsd

to students being practically involved in the psxe
and not necessarily because STS is not difficult fo
students to integrate into their conceptual stmestu
Yager did not specifically attempt to explain
students’ experiences with STS as a way to make
conceptual representations of the world and in fact
took a pedagogical constructivism stance [9].
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Moreover, Lutz [10] stated that STS can be seea as
type of conceptual change and explained that
conceptual change is most likely to occur “when
current issues are under investigation, and résat
perceived need for a more adequate explanation or
viewpoint than that which the observer currently
holds” (p. 43).

Cheek [11] further developed and sought to organize
constructivism as a theoretical framework for STS.
Cheek focused on constructivism as students learn
the content of science, to the area of students’
conceptions about science, technology, and society.
STS education is thought to help students in chrengi
their naive conceptual understanding of socio-
scientific issues. Moreover, in revealing students’
ideas on science, researchers need to unearth
students’ conceptions of politics, economics, and
social functions in order to develop STS [11]. e t
same process, Aikenhead and Ryan [12] developed a
guestionnaire that elicits students’ conceptionthef
nature of science, technology and society intevasti
(VOSTS). Many researchers have used the same
instrument or an adapted version to test studemts’
teachers’ conceptions of STS.

Constructivism has two basic assumptions; first,
learners have a good chance to learn when facéd wit
real issues and problems; second, effective legrnin
requires meaningful, open- ended, and challenging
problems for learners to resolve [13]. Hence, the
assumptions of constructivism are suitable for the
goal of the present study. This is because thearelse
questions of this study are related to the effedts
real-life issues and problems of STS among the
students.

The mechanism of constructivism for STS is easier
for students to integrate into their conceptual
structures [14] since STS involves learning of
science concepts in the context of real life expere
and as applied to real life problems and issue% [10
In addition, as a problem-based learning STS isope
to constructivism because students are actively
involved in finding solutions to problems and not
only being lectured about content. Students also
develop a better conception of science since they a
dealing with real world, interesting and meaningful
problems. STS utilizes the constructivist approfach
learning; it focuses on current issues, local cdste
as well as personal relevance ([15], p. 2).

Constructivism and Instructional Design

Instructional design is the systematic process of
translating principles of learning and instructioto
plans for instructional materials and activities. |
prescribes a process of analysis and identification
learning needs and learning goals in order to dgvel
instructional materials, learner activities, andlaate
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learning methods [16]. Instructional design allows
educators to identify the performance problems,
determine the goals and objectives, define the
learners and their needs, formulate strategieseet m
needs and goals, evaluate learning outcomes, and
assess whether goals, needs and objectives are met
[17].

Differences exist between the constructivist viewd a
the objectivist approach to instructional design.
Reigeluth [18] argues for a ‘new mindset’ to congbin
constructivist elements in the instructional design
models. Many educators indicate that constructivist
values influence instructional design [19], [2A1].
Lebow [19] proposes a number of principles as
constructive values, which identically reflect the
objectives of the current research.

“Five Principles towards a New Mindset” was
introduced by Shariffuddin [17] as constructivist
values that might impact instructional patterns.

Principle 1 provides a protective shield for tharfeer

in front of the probable destructive effects of
instructional exercises by: (a) Putting more emghas
on the emotional area of learning (b) Providing
individual instructions relevant to learners (c)
Supporting learners in developing their capab#itie
perceptions, and ideas that lead to learning psoces
self-regulation (d) Balancing tendencies to conttnel
learning situation with willing to improve individl
independence.

Principle 2 provides a context for a type of leagni
which encourage self-dependence and relevancy.

Principle 3 includes the reasons of learning within
learning activities.

Principle 4 encourages self-organized learning by
improving capabilities and perceptions that make
learners expect growing responsibility for the
promotional reorganization period.

Principle 5 strengthens the learners’ willingness
take part in deliberate learning processes, spadifi
by supporting the “strategic exploration of errors”
[19].

The principle behind constructivism for pedagogical
designers is that, if each person admits his
responsibility for conducting knowledge, then
designers can set and guarantee a standard séries o
issues for learning, “as we have been taught to do”
[22]. In the same paper, Jonassen presents the
following connotations of constructivism for
instructional patterns; to him intentional knowledg
building will be facilitated by the assistance of
learning situations that: (a) Provide several atspet
reality- do not oversimplify instruction by givirthe
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natural complication of the universe. (b) Providesl
exercises - considering all aspects of its sitmafix)
Presents actual-world, case-oriented learning
situation, not prepared pedagogical procedures (d)
Increase conscious practice (e) Activate content-
based and context-based knowledge formation

Jonassen [22] noted that constructivism promotes th
creation of relevant learning environments that
facilitate learners’ knowledge construction. Thss i
because, unlike traditional systems approaches,
constructivism has a different base of assumptions
about learning and puts forward new instructional
principles. Applying constructivism to instructidna
design offers specific advantages, for instanceremo
independent problem-solving, more meaningful
learning outcomes and greater flexibility in desimn
well as instruction activities [23]. Relying on dfir
principles, the instructional design recommendation
are as follows: Learning is facilitated when leasne
are engaged in solving real-world problems; when
existing knowledge is activated as a foundation for
new knowledge; when new knowledge is
demonstrated to the learner; when the learner eppli
new knowledge; and lastly, when new knowledge is
integrated into the learner’s world [24].

The application of constructivism to instructional
design has certain advantages such as more
meaningful learning outcomes, more independent
problem-solving capability and more flexibility in
both design and instruction activities.

Thompson [25] believes that instructional hypotlsese
and patterns as discussed related to the model® abo
help teachers and instructors by: (a) Speedindhap t
process by helping teachers to focus and assist as
bases of procedural progress (b) Assuring that all
parts of the instruction are considered, intereglat
and supportive towards each other.

Figure 1 represents how constructivism in
instructional design helps in changing students’
concepts and reshaping their mind-set. This can be
achieved by developing STS materials that infuge th
STS elements within the science teaching materials.
Developing STS materials enhances student learning
in three ways: (a) it provides a meaningful contafxt
their learning by linking it to their daily life wdines;

(b) it strengthens the relationships between seienc
technology and society; and (c) it also links value
with STS and considers values as the most important
aspect of STS. In the next section, instructional
design will be discussed further.
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Figure 1: Constructivism, instructional design and STS.

Instructional Design Models

Instructional design models focus on the best
methods for delivering comprehensive instruction
based on theories of learning. Instructional design
provides the methodologies for implementing
instructional theories. Dorin, Demmin, and Gabel
[26] suggested that instructional design models look
at a model as a mental picture that helps designers
understand things they cannot observe or experience
directly. Furthermore, models are successful aids

used to help designers describe and understand the

systematic process of using instructional desigth an
learning theories in designing instructional maisri
information resources, activities, and evaluation
methodgq27], [28]. Many instructional design models

exist but at the macro-level, all have three itdms
common: (a) identifying the outcomes of the
instruction, (b) developing the instruction, angd (c
evaluating the effectiveness of instructi@e]. Some
instructional design models are best fitted for
multiple courses, single class, rapid prototyping
and/or lesson level developmén®].

This study will review six instructional design
models. After the review, based on the instructiona
design models it presents the core elements as
systemic approaches to be used in this present
research.
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Figure 2: Dick and Carey model of instructional des[§8].
Reflective, Recursive Design and Development instructional objectives, learner analysis, ané trsd
Model content analysis. This model involves a four-stage

The Reflective, Recursive Design and Development
(R2D2) model is deeply rooted in constructivist
learning principles. Developed by Willis [21], the
R2D2 model is a team-based instructional design
model and is mainly targeted at software
development; the R2D2 model appears most
appropriate for developing electronic instruction.

Recursion, the first concept, allows the desigmer t
make revisions at any time during the instructional
design process on any aspect of the design.

Reflection means instructional designers gain input
from many stakeholders during the design process.
Two other principles underscoring the R2D2 model
are not identified in the name; they are non-liitgar
and participatory design.

According to this model, the instructional design
process can start at any point (Non-linearity)e Th
team need not start with detailed objectives; these
will emerge at an appropriate time as the work
progresses. Participatory design means that people
who use the instruction most frequently should be
involved in the design in all stages. The desigmte
should be cross-functional, and made up of
instructional designers, subject matter expertsl an
end-users [21].

The R2D2 model process allows inclusion of
traditional instructional design elements for imsta

process for design and development:. Component
Design, Single Path Prototype, Alpha Version, and
Beta Version. In essence, the R2D2 model is a user-
based, iterative instructional design model [21].

ADDIE Model

Instructional design is the planned approach to the
Analysis, Design, Development, Implementation, and
Evaluation (ADDIE) of learning materials and
activities. The ADDIE model is aimed at a learner-
centered rather than the traditional teacher-cedter
approach to instruction, to allow for effective
learning. Hence, each component of the instrugdon
geared towards the learning outcomes, which have
been adopted following a comprehensive analysis of
learners’ needs. Sometimes these phases overlap and
can be interconnected; however, they offer a
dynamic, adaptable guideline for devising effective
and efficient instruction.

The ADDIE Model is an iterative instructional deasig
process; formative evaluation of each phase yields
results which may make the instructional desigeer r
visit a previous phase. In short, the end proddct o
one phase becomes the starting point of the next
phase [30].

Kemp Instructional Design Process

The Kemp model of instructional design is based on
ten elements/activities: 1) Learning needs, Goals,
Priorities/Constraints, 2) Topics- Job Tasks Puepos
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3) Learner Characteristics, 4) Subject Content Task
Analysis, Learning Objectives, 6) Teaching/Learning
Activities, 7) Instructional Resources, 8) Support
Services, 9) Learning Evaluation, and 10) Pre#gsti
([31], p. 11). According to Kemp, even though the
ten steps have a logical order, it is not absojutel
necessary to start at step one and finish at step t
each design application will be unique and may
require designers to begin at different points. Kem
has developed a model of these steps, illustrayed b
an oval without a starting point and without an.end

Dick and Carey Systematic Design of Instruction

The Dick and Carey Systematic Design of Instruction
(Systematic Design) is an instructional designesyst
which pays attention to the skills and knowledge to
be taught [32]. The model has ten steps, namely:
identify instructional goal(s), carry out instruatial
analysis, identify entry level, define performance
objectives, develop criteria and test items, devise
instructional  strategy, develop and choose
instructional materials, design and do formative
evaluation, design and carry out summative
evaluation, and, at any point, review the insticti
This model provides a clear structure and a
systematic approach towards course instruction, but
is lacking in flexibility. While the Dick and Carey
model has many of the same features as the Kemp
model, the Kemp model seems to be more suited for
course level or curriculum level design becausisof
flexibility.

Dick, Carey, and Carey [33] revised a famous model
that involved sharing common attributes in addition
to recent educational trends including construstivi
[28], [29]. In their instructional design model Smi
and Ragan [28] proposed three main stages: analysis
development and evaluation. This model was
developed based on the common model created by
the Dick and Carey [34] systematic approach for
designing instruction.

Model of Instructional Design
Constructivist Theory “New Model”
The new instructional design model called new
model combines the system approach, Dick and
Carey’'s Model, Gerlach and Ely's Design Model,
Isman’s Model, and the constructivist theory
approach. The constructivist theory which affebts t
basic foundations of the “New model” stages
emphasizes how people learn and the nature of
knowledge. Learners construct their own
understanding based on their unique experiences in
accordance with the beliefs of constructivism tlyeor
The learners construct their own meaning from
learning experiences according to constructivism. |
addition, learners apply their knowledge personially
a meaningful context. The activities are based on
discussion and collaboration among students.

Based on

Assignments that reflect real life conditions pkay
important role. Interaction and reflection are
important. Throughout the process assessment is
integrated rather than in the final products [35].

The learners are the center of the equation in the
constructivist approach; the learner constructserat
than passively absorbs knowledge. It is based
according to how the learners’ understanding is
currently organized. Constructivism is based on the
following basic premises: knowledge is constructed
from experience; learning is a personal interpi@at

of the world; learning is an active process in wahic
students attain meaning based on experience;
conceptual growth comes from the negotiation of
meaning, sharing multiple perspectives and changing
our internal representations following collaborativ
learning; learning must occur in a realistic cofitex
tasks should be integrated with testing and testing
should not be an isolated activity [36].

Stage of “New Model” Instructional Design

The basic stages of this model are input, process,
output, and feedback. Input stage consists of five
different steps that create the main stage: Needs
assessment step, writing instructional goals,
instructional analysis, writing instructional objees

and selecting instructional materials. Through the
needs assessment step the instructor can determine
performance gaps or identify the discrepancies
between current outcomes and desired outcomes for
an organization. When the performance gaps have
been identified, the designers will determine what
they want the students to be able to do after tizey
completed the instruction. To determine what the
students are required to learn in order to meet the
instructional goals the instructional analysis el
Generally this analysis engages the skills and
procedural knowledge that the students have. Ierord
to identify the relevant skills and information
required for students to achieve the goal it isna lof
procedure applied to an instructional goal. Thet ne
step is to determine the learning objectives ortwha
students will be able to do when they complete the
instruction. The vital step is to choose the most
appropriate materials for the instruction [35].

The second stage is called process; this stagést®ns
of three main steps. During the process the
implementation part begins. Teaching and the
organization of time and milieu are the main pdrt o
implementation. The strategy of teaching is a gane
plan of activities to reach an instructional goil;
consists of the sequence of intermediate objectives
and the learning activities leading to the insfiael
goal.

Lastly is the stage involving evaluation of student
performance. In this stage it is very important to
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develop evaluation instruments to assess the
objectives. Once more this stage consists of
formative evaluation, revision, and summative
evaluation. In order to know whether the learners
achieved their goals or not after each specifigextb
teaching, formative evaluation is used. |If they di
not achieve the goals, the teacher goes back to the
first stage which is the input and revises the glesi
model. On the other hand, if the students achieved
their goals and teacher expectations are met Wwih t
results and goals, then the teacher gives the
summative evaluation and assesses the students’
performances. Formative evaluation is the evalunatio
designed to collect data and information used to
improve a program or product; it is conducted while
the program is still being developed. Evaluation

designed and used after implementing an
instructional program and completing formative
evaluation is called summative evaluation.
Summative evaluation is aimed at presenting

conclusions about the worth of the program and
making recommendations about its adoption or
retention. During the last stage, which is the beak
stage, the teacher gives feedback to the stud&sis [

Seels and Glasgow Model (Product-oriented)

The Seels and Glasgawodel has three phases which
are presented in Figure 3: needs analysis, pedzajogi
or instructional design, followed by implementation
and evaluation.

Needs Analysis, the first phase and involves degini

of instructional goals, requirements, and context.
Instructional design, or the second phase, bedias a
phase one is finished and involves six steps: task
analysis; instructional analysis; objectives anstste
formative  evaluation, materials development,
instructional strategy and delivery systems. Adgl

are connected by feedback and interaction. Thd thir
or implementation/ application and
evaluation/appraisement phase entails the materials
development and production, training delivery, and
summative evaluation. The steps and phases in this
model, although often applied iteratively, can be
applied in a linear way. The steps of the instari
design phase are interdependent and concurrent and
may involve iterative cycling ([37], p. 43). Produc
oriented models are normally used in producing an
instructional package.

Producing a product requires a team and a significa
resource commitment to stay within time and budget,
and hence requires strong project management. The
team must have an experienced instructional designe
to do some front-end analysis, develop the material
and perform a lot of formative evaluation. Products
are likely to be widely distributed using a modertt

high technical delivery media [37].
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Instructional Design for the Present Study

Each instructional design model emphasizes the
importance of needs analysis, goal specificatioth an
design of learning objectives, materials desigretias
on needs analysis and aims, development of
appropriate instructional strategies, formative and
summative evaluation, and improvement of materials
based on results of evaluation. In other words, the
abovementioned instructional design  models
emphasize the core elements of analysis, design,
development and evaluation. For a systemic
approach, the researcher of the present study
followed four main steps of instructional design in
this research. Moore, Bates, and Grundling [38]
defined these steps (Figure 4).

Analysis: this phase is the basis for all other
instructional design phases. Most of instructional
design models start at this phase. The designed ne
to collect all related information to resolve a wid
range of challenges, contradictions and ambiguities
It is important to gather and analyze all relevant
information; thus the designer needs to consult and
interview the experts [38].

Design: in this phase designers start to planategly

for developing the instruction based on the outpéits
analysis. Translating the results from the analysis
phase into design specifications means that the
designers require a strong background in learnmb a
instructional theory. The main aim of the design
phase is to determine the purpose of the instnoatio
materials, the learning outcomes and objectives,
teaching and learning strategies and the
implementation strategy for evaluating instructiona
material effect and effectiveness. The aim of
designing instructional materials is to enhance
capabilities and achievement in real-life settif8§.

Development: this phase is aimed at producing the
lesson plans and lesson materials. The appropriate
link here is to link instructional design procedure
with plan management principles. This phase
encompasses material validation. The validation
process includes formative evaluation involving
collecting and interpreting individuals’ opinions o
the learning and instructional materials. Desigriers
this phase would probably deal with questions such
as: How do learners react to the learning expee®nc
How effectively do the materials teach? What aee th
outcomes of the learning? What unanticipated
problems arose? What must be adapted? [38]. This
phase also involves the implementation stagesisn t
stage, the designer determined the problems ttsat ar
when the instructional material is implemented hog t
users.
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updated?
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content relevant? What aspects need to be adapted o

Formative Evaluation in Development Research

summative [30]. According to Moore et al[38]
evaluators examine issues such as: What is thecimpa
of the new learning materials on the institution®H

are grades and graduation rates or job performances
affected? Are the learning objectives relevant? Are

Nieveen[39] proposed four generic criteria for high
quality interventions, namely: the intervention
components must rely on state-of-the-art knowledge
(content validity) and all components should be
consistently interrelated with each other (congtruc
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validity). Intervention meeting these criteria is
regarded as valid. High-quality intervention isoals
evident when end-users (for instance teachers and
students) consider the intervention to be usabté an
that it is easy for them to use the materials in
congruence with the developers’ intentions. When
such conditions are met, these interventions are
termed practical. A third principle of high quality
interventions is that they lead to the desired
outcomes, namely effective interventiofg89]. The
criterion of practicality in the prototyping stageas
received much attention in formative evaluation.
Furthermore, effectiveness becomes even more
important in later iterations. At the end, in the
assessment stage of summative evaluation,
practicality and effectiveness will be emphasized
[40].

Formative evaluation is a necessary assessment in
present developmental research. The Joint
Committee on Standards for Educational Evaluation
(1994) has defined evaluation as “the systematic
assessment of the worth or merit of some object.”
Lincoln and Gubd41] stated that merit refers to the
object’s inherent, intrinsic value, and worth ofth
object is defined as its contextually determined,
place-bound value.

Scriven [42] distinguished between formative and
summative evaluation. Formative and summative
evaluations serve different functions. The functidn
formative evaluation is “to improve”, such as
generating suggestions for improving an object.sThu
formative evaluation focuses on uncovering
shortcomings during its development process.

On the other hand, the function of summative
evaluation is “to proof” where evidence is gatheted
prove the effectiveness of the intervention andl fin
arguments that support the decision to continue or
terminate the project. It is also noted that thereo
clear distinction between formative and summative
evaluations. Relevant points of improvement reweale
by formative evaluation in turn may be used by
summative evaluation for continuation of a product.
For example, an improved version of an intervention
may be the intention of a formative evaluation tinet
results of such evaluation are taken into account
while developing a second release of the profiogt

Appropriate  Methods
Summative Evaluation

for Formative and

Plomp et al. [40] has identified a five-stage
combination for formative and summative evaluation:
testing; expert appraisal; walkthrough; micro-
evaluation; and try-out. Firstly, testing is whéhe
design research team tests the design with a dbeckl
of important features of the various components
inherent in the prototype.

Secondly, expert appraisal is where a group of
experts give opinion on a prototype of the design.
guideline with central questions of the design
research team is used in the interview session with
the experts.

Thirdly, walkthrough is conducted with the design
research team and one or a few representativéseof t
target group to go through the various parts of the
intervention. Fourthly, micro-evaluation is
conducted with a small group of target users,
comprising learners or teachers. This stage ingolve
evaluating parts of the intervention being usedtapa
from its normal user setting. Here, the respondents
are being observed and interviewed by the evaluator

Finally, try-out is a stage where a user group
comprising teachers and learners try using the
materials under normal circumstances.

If the evaluation focuses on practicality of the
intervention, the following evaluation activitiesea
common: observation, interviewing, requesting
logbooks, administering questionnaires. If the
evaluation focal point is the effectiveness of the
intervention, evaluators may decide to request
learning reports and/or give a test. Summative
evaluation methods, such as quasi experiments,
surveys and accompanying case-studies, follow these
formative evaluation activities as soon as the
intervention has become fully grown and has been
implemented in educational practi¢éq], p. 95).

Materials Development

Developing materials is an integral part of curico
development and educational change processes. Such
materials may include syllabi, curriculum guides,
courses, resource units, lists of goals and olesti
texts, and other documents that deal with the cdnte
of the education. Materials play a fundamental mole
classroom instruction. As such, curriculum procgesse
are those procedures involved in creating, usingd, a
evaluating the curriculum that is represented in
various products or materials. These materials
contain content and skills for students. Among ¢éhos
skills are for students to learn, detail connedion
among ideas, and provide contexts for teachingethes
ideas. In addition, these materials suggest segsenc
for activities[43].

According to Rogers[44], high-quality materials
should include the following features: (a) Refldwt
results of a proper needs analysis (b) Be industry
verified (c) Reflect learning goals and objectid}

Be developed/adapted as a part of a systematic
curriculum development process (e) Support and
identify instructional strategies including pedagog
and assessment (f) Undergo pilot and field-testiy)g

Be continuously evaluated (h) Be revised based on
evaluation evidence
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The process of material development can be
summarized into eight stegd5]. The first step is
needs assessment which is the starting point for
developing learning materials. The learners prefer
learn something directly beneficial to them. At the
same time, learners learn things that are relet@nt
their needs. This can be done by collecting data
about the living environment, and problems and
needs of the people. Various approaches are osed f

data collection, such as asking learners questions.

Additionally, the approach may include visiting
learners’ houses. Another approach would be a
discussion with people individually or in groups
while joining their activities and observing thdily
routine.

The second step is the preparation of a curriauér

The researcher has to prepare an outline of the
learning materials which is known as the curricular
unit. This curricular unit helps material develaper
select, adapt, and develop learning materials as
planned. A checklist is used for the curriculaitun
which has the following components: (a) a theme to
describe the learning material; (b) the targetrees

of the learning material; (c) objectives of thertéag
material; the objectives have to be specific,
measurable, achievable/attainable, result-oriented,
and time-bound; (d) content to be included in the
material; (e) format to be used to convey the aunte
of the learning material; (f) information on howeth
material is going to be used in the teaching-legyni
process; and (g) the time required to use the maater
while in the learning process.

The third step involves material preparation. Tdas

be done through any of these methods: preparafion o
learning materials, selection of learning materials
which are readily available, adaptation of learning
materials, and development of new learning
materials.

The fourth step is pre-test. Pre-test is conducted
the learning materials produced to assess itstguali
This enables the learning material to be further
improved before finalization.

The fifth step is revision and finalization. Hetteet
information from the testing will provide the matdr
developers with a clearer idea whether the learning
material produced is suitable for use or not, after
pre-test. Improvements are made to the learning
material based on the tested data. Here, the rakteri
developers can either make changes or correctmns t
the learning material. When the material is thioug
with improvement it is ready for the next step.

The sixth step involves duplication where the
corrected version can be used for mass production.
The seventh step is application of the learning
material in the learning and teaching environmbnt.
the learning process, the characteristics of the
learning materials and the objectives help detegmin
their uses. For example, the learning materials may
be used for songs, posters, drama, or video. This
helps to motivate the learners. To ensure learner
participation, the learning materials may be used a
game, dialogue, role play, or even drama. Moreover,
the learning materials may also be used in the fafrm
leaflet, chart, or video for transmission of instian

and knowledge.

The final step is evaluation which is to measure
whether the learning material produced meets the
objectives as defined earlier. Evaluation methods
comprise post-testing, as well as getting feedback
from users, facilitators, and learners.

The whole framework goes into three phases,
namely, needs analysis phase, versioning phase and
assessment phase. These three phases if adopted
correctly would result in developing STS teaching
and learning materials that have nine charactesisti

as indicated in the shaded boxes in Figure 5.

The following are the details of the conceptual
framework of the study.

Review of Palestinian literature, content analysiis

the ninth grade science textbooks and curriculum
framework analysis have revealed the problems
(Gap) in Palestine education and have exposed the
needs of the Palestinian science students. Based on
the gap, the learning objectives and learning
outcomes for STS integration were determined by the
researcher. The learning objectives and learning
outcomes were refined by using Delphi technique.

The first draft of the STS teaching and learning
materials were developed based on learning
objectives and learning outcomes, principles an8 ST
teaching model and Constructivism theory. The
experts and teachers’ appraisal were helpful in
improving the materials as valuable suggestiongwer
generated. In addition, interviews and discussions
were carried out with the teachers and students to
evaluate the practicality of the STS teaching and
learning materials (try out - formative evaluation)
The perceptions of teachers about the final deeslop
STS modules and students learning outcomes (field
test - semi-summative evaluation) were also carried
out to determine the effectiveness of the STS
teaching and learning materials (modules) based on
the variables of gender and location.
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The Summary of the Study
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Figure 5: The conceptual framework for the study
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