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ABSTRACT

This paper aimed to determine the validity of the LAB-MADI module using the Content Validity Index (CVI)
and Percentage Calculation Method (PCM). The survey was conducted through the evaluation of six experts via
purposive sampling. The instrument used for the evaluation was content validity instrument. Based on the results
of the analysis, the mean scores of CVI and PCM of the LAB-MADI module were 0.97 and 87.22%, respectively
while the mean scores of CVI and PCM of eight practical activities based on the seven stages of the MADI model
were 0.98 and 81.88% respectively. The results of the study indicated that the module has high validity in the six
criteria assessed (suitability for target students, feasibility, time allocation and improving the dependent variables
under study: argumentation skills, science process skills and concepts of diffusion and osmosis). Therefore, this
module has great potential as a good module. This module is therefore recommended to be used and tested for
its effectiveness. The module is also a form of alternative teaching method to guide biology teachers so that they
can add value to students in terms of argumentation skills, science process skills and Biology concepts through
practical work.
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INTRODUCTION mote students’ potential (Osborne, 2014).Clearly,

students would not fully understand the scientific

Scientific argumentation is an important
discourse to the habits of members of scientific
research in order to develop the same opinion
about science knowledge. Develop such a dis-
course in school science is necessary so that stu-
dents would be able to mirror the habits of scien-
tists. However, science learning is often executed
in the form of students passively accepting infor-
mation from the teacher, copying notes, doing
drill and practice and ‘cookbook style’ practical
activities (Peen & Arshad, 2017; Toplis, 2012).
Such teaching and learning process does not pro-
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knowledge taught if they are not given the oppor-
tunity to experience constructing and evaluating
scientific argumentation themselves.

The last two decades have seen many em-
pirical researches examining ways to promote
argumentation in science classrooms and scaf-
folding students as they learn how to participate
in argumentation. Many opportunities could be
provided through the development of new pe-
dagogical practices (Berland & Hammer, 2012;
Gultepe & Kilic, 2015; Osborne et al., 2013; Os-
borne, 2014; Osborne et al., 2017), technology-
enhanced learning environments (Clark et al.,
2012; Wu & Pedersen, 2011; Yang et al., 2015),
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innovative argumentation curriculum (McNeill,
2009) and laboratory environment (Chen et al.,
2016; Grooms et al., 2014; Sampson & Gleim,
2009; Sampson et al., 2011; Sampson & Walker,
2012; Walker et al., 2011). These updated peda-
gogical practices can be used as a way for teachers
to integrate argumentation into their teaching of
science lessons.

Efforts have continued in designing science
teaching processes as well as science inquiry to
develop students’ habit of constructing and com-
municating argumentation. Nonetheless, Samp-
son & Gleim (2009) argued that many science
teachers are unclear of how to prepare lessons
that would engage students in argument-driven
inquiry in a way that would improve students’
understanding of important science concepts and
science practices including in biology. Scholars in
science education believe that it is not enough for
teachers to teach science as a process of inquiry;
teachers also need to give their students the op-
portunity to engage in argumentation (Grooms
et al., 2015; Osborne, 2012, 2013; Sampson &
Blanchard, 2012; Walker et al., 2011). This is
because argumentation is one of the most im-
portant processes of scientific inquiry (Gultepe
& Kilic, 2015; Sampson et al., 2011). Therefore,
constructing argumentation explicitly is a must
so that students are guided when engaged in the
inquiry process and this would ultimately to help
them understand the science phenomenon bet-
ter. It also act as a foundation for science teach-
ers to prepare students for inquiry-based science
instruction.

Teachers and students both play important
roles in science teaching and learning process
(Halim et al., 2014; Halim et al., 2012; McNeill &
Knight, 2013). Often when discussions are used
in science lessons they are ‘teacher-led’. However,
in an argumentation activity discussions should
be ‘student-led’. Argumentation is a specific form
of discourse where claims made are backed by
reasons and supported by data or evidence. The
process of argumentation aims to demonstrate
that scientific explanations are constantly evol-
ving, and it is often the case that claims have to
be revised in light of new data or further evidence
becoming available. Thus, during argumentati-
on sessions, students would express ideas, pro-
vide evaluation, discuss and further revise their
ideas collaboratively. The student may act as a
problem solver, an observer, a researcher or a di-
rection follower depending on the teacher’s role.
The teacher’s role is more than just a facilitator in
inquiry-based science instruction (Walker et al.,
2011); he or she also need to acts as motivator,
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mentor or coach (Llewellyn, 2007, 2013).

Studies on promotion of argumentation
skills are relatively new in the Malaysian context.
In their study, Foong & Daniel (2013) introduced
skills of argumentation through socio-scientific
issues for Form Two students in the Confucian
learning environment. The findings revealed that
the Confucian students were weak in construc-
ting rebuttal in their argument. Such a finding
is not surprising as the method of constructing
argumentation based on socio-scientific issues is
a new approach in science teaching in Malaysia.
Hence, a more suitable approach in engaging stu-
dents to communicate argumentation in scientific
inquiry in the Malaysian secondary school scien-
ce teaching context would be inquiry through the
conduct of practical work.

Practical work could be used to show not
only what we know but how we know and that
ideas presented must be argued and supported (
Llewellyn & Rajesh, 2011). Revision and modi-
fication have been made to traditional practical
work so that traditional practical work is more
inquiry and argument oriented (Llewellyn, 2007,
2013). However, the elements of argumentation
in science need to be explicitly taught and invol-
ved in group-based argumentation sessions so
that they could learn to justify their claim with
evidence after the practical work sessions. By
promoting the development of argumentation
skills through practical work, students would be
more confident and better prepared in facing the
challenges of the 21st century workforce as they
would be able to practice essential skills such as
higher order thinking skills (HOTs), communi-
cate effectively, be more innovative, and solve
problems through negotiation and collaboration
(Henderson et al., 2018; Osman et al., 2011; Os-
man & Hamid, 2009; Osman et al., 2010; Zulir-
fan et al., 2018).

In this study, a practical work module na-
med LAB-MADI was developed where the focus
is on explicit instruction of scientific argument in
practical work to engage students in the develop-
ment of argumentation through practical-based
inquiry. “LAB-MADI” is a combination of two
words; “LAB” is the acronym for “laboratory”
and “MADI” is an acronym, for “Modified Ar-
gument-Driven Inquiry”.

The MADI model in this study was sup-
ported by social constructivist theories of lear-
ning, cognitive constructivist theories of learning
and cognitive load theory. The MADI model is
used as the instructional model and the model
was adapted from the original Argument-Driven
Inquiry (ADI) model (Sampson et al., 2014).



I.L. L. Ping and K. Osman/ JPII 8 (1) (2019) 129-140

This study used the 5SE model (Bybee, 2015)
that systematically guided the steps in the ADI
model. The 5E instructional model was chosen
as the foundation in combination with the steps
in the ADI model because it is widely used in the
literature and in actual classrooms. The model is
also recommended by the Malaysian Ministry of
Education. The teaching and learning of biology
with 5E instructional models is often used to imp-
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rove achievement, knowledge, skills and attitudes
(Balta & Sarac, 2016; Bybee, 2015). The LAB-
MADI module was developed in order to find a
more suitable approach to scientific inquiry in the
context of teaching science to Malaysian secon-
dary school students. The module is more of an
inquiry-based approach in conducting practical
work in the science classroom. The conceptual
framework of this study is shown in the Figure 1.

Learning Theory > M'gl}ment-driven »| Effectiveness of LAB-
Inquiry Approach MADI module
Constructivist | MADI Model| o| Science process skills
theories >
» Elicit Phase = + -
rgumentation 3
Cognitive load Engage Phase g
theorv Explore Phase 5
: Explain Phase
Elaborate Phase Concept of diffusion
Evaluate Phase | and osmosis
Extend Phase

Figure 1. The Conceptual Framework of Study with MADI Model (Adaptation of 5E Model (Bybee,

2015) and ADI Model (Sampson et al., 2014))

The MADI model is an instructional mo-
del with seven phases and the phases are pre-
sented in Figure 1. The seven phases involve the
(1) Elicit phase: Eliciting students’ prior know-
ledge; (2) Engage phase: Identifying the problem
statement and experimental planning; (3) Explo-
re phase: Partaking in practical work experience
where small groups of students have the oppor-
tunity to carry out experiments and collect data;
(4) Explain phase: Producing tentative claim
after data analysis on a subject matter among
members of the same group; (5) Elaborate pha-
se: Conducting the argumentation session where
groups share their arguments and their explana-
tions and are then critiqued by other group mem-
bers; (6) Evaluate phase: Conducting a reflective
discussion about the inquiry; (7) Extend phase:
Carrying out application in practical assessment
or experimental planning. In the 7E model, the
engage phase in 5E is expanded into elicit and
engage phases while the elaborate and evaluate
phases in 5E are expanded into elaborate, evalua-
te and extend phases. The ultimate goal of the 7E
learning cycle is to highlight the importance of

arousing existing students’ understanding during
the elicit phase and transferring the concepts to a
new context in the extend phase (Balta & Sarac,
2016). The MADI model enables teachers to in-
tegrate inquiry-based practical work experiences
in biology with a way of developing students’ im-
portant habits of mind and critical thinking skills
by emphasizing the important role that argumen-
tation plays in the generation and validation of
scientific knowledge.

The module evaluation involved two fun-
damental features, i.e. the reliability and validity
of the module which are two important features
of a good research on the module development
(Russell, 1974). Reliability is concerned with the
consistency or the dependability of the module in
relation to the learner’s performance. Therefore, a
series of formative evaluation was conducted on
the LAB-MADI module including small-group
evaluation and pilot test during the field trial with
target learners to collect data. These data were
then used to identify problems with the instructi-
on or opportunities to make the instruction better.
To ascertain the reliability of the module, the ini-
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tial draft of the LAB-MADI Module for laborato-
ry investigation developed by the researcher was
pilot tested in one of the schools. The pilot test
involved twenty-two (n=22) Grade 10 students
(aged 16 years) from a pure science class taking
biology as an examination subject. The findings
from the feasibility study of the LAB-MADI mo-
dule during the pilot test with the target learners
will be presented in another paper. After carrying
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out revisions, the developed module on the theme
of Investigating Cells as A Unit of Life included
the four topics. These are all listed in Table 1 to-
gether with the accompanying practical activities.
The students’ understanding of this theme in Bio-
logy subject is the prerequisite for their understan-
ding of basic biological functions and its content
can be easily modified to fit the argument-driven
inquiry (Sampson et al., 2014).

Table 1. The Theme and Topics of the Module along with Its Practical Activities

Theme Topic Practical Activities
1. Investigating 1 - Introduction to Biology Lab 1: Introduction to Biology: App-
Cells as a Unit lying Scientific Invetigation
of Life

1 - Introduction to Biology

2 - Cell Structure and Organisa-

tion

3 - Movement of Substances
across the Plasma Membrane

3 - Movement of Substances
across the Plasma Membrane

3 - Movement of Substances
across the Plasma Membrane

4 - Chemical Compositions of

Cells

4 - Chemical Compositions of

Cells

Lab 2: Energy: Determining the energy
value in food samples

Lab 3: The structure of a plant cell and
an animal cell

Lab 4: The permeability of the plasma
membrane

Lab 5: Diffusion: The effect of TSV/V
ratio on the rate of diffusion

Lab 6: Osmosis: The effect of hypoto-
nic, hypertonic and isotonic solution on
plant cells

Lab 7: Enzyme: The effect of pH on the
activities of amylase

Lab 8: Enzyme: The effect of tempera-
tue on the activities of amylase

The validity of the LAD-MADI module
was then evaluated through expert judgement
evaluation in order to determine if the LAB-
MADI module met the desired level of quality.
This step was the culmination of the designed
module’s evaluation because the objective of as-
sessing validity is to see how accurate the relation-
ship is between the measure and the underlying
trait that it is trying to measure (Gaur & Gaur,
2009). Performing this evaluation is crucial as it
determines whether the instruction in practical
work actually works as intended in the expected
context by content experts, learner specialists, or
design specialists (Dick et al., 2015). In this stu-
dy, the process of evaluating the quality of the
LAB-MADI module through the determination
of content validity was conducted with content
experts familiar with the characteristics of the ar-
gumentation content, the subject-matter and the
target learners. Thus, the study’s objective was to

determine the validity of the module’s content
through expert evaluation. The research question
is as follows: What is the content validity of the
LAB-MADI module as measured from experts
‘evaluation judgement data by using Content
Validity Index (CVI) and Percentage Calculation
Method (PCM)?
METHODS

In this study, the quantitative approach was
selected, and a survey was used to collect data.
This approach was chosen as analysis of all the
data was performed quantitatively. The validity
test process was conducted using one instrument
which was adapted from Arip & Shah (2010) and
Mohd Noah & Ahmad (2005). According to Dick
et al. (2015), a questionnaire instrument is often
used to evaluate expert’s opinions of the materi-
als in the form of quantitative data. Furthermore,
in a descriptive research study, a questionnaire
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is often the main instrument used to collect data
(Lodico et al., 2010) as descriptive research is
primarily concerned about finding out typical
research issues of “what is/are” as stated in the
research questions of the study. Accordingly, the
use of questionnaire as the research instrument to
determine the validity of the LAB-MADI modu-
le is considered relevant and appropriate for this
study.

The evaluation form consisted of three
main parts: the first part — asked for the details
and background of the experts, the second part
— was on the evaluation of the module’s content
based on six criteria, and the third part — was on
the evaluation of eight practical activities follo-
wing the seven phases in the MADI model.

The experts were supplied with copies of
all the LAB-MADI module materials including
the introduction of the LAB-MADI module
which contained the aims of the module and
the learning objectives, the learning theory, the
MADI model and the conceptual framework of
the study, the LAB-MADI teacher module and
the LAB-MADI student module. In the second
part of the evaluation form, all experts were re-
quested to judge the module according to six cri-
teria: the suitability for target students, feasibility,
time allocation, and improving the dependent va-
riables under study: argumentation skills, science
process skills and concepts in diffusion and os-
mosis. In the third part of the evaluation form, all
the experts were asked to judge the sequence of
the practical activities in the seven phases of the
MADI model.

Mohd Noah & Ahmad (2005) recom-
mended a minimum of three and a maximum of
ten experts to avoid possible random consensus.
Thus, the agreement reached was to invite seven
independent experts for the expert judgment eva-
luation process. Out of the seven experts invited,
only a total of six experts accepted the invitation
to participate in this study. However, the total of
six experts was considered an acceptable number
In line with the recommendation by El-Den et
al. (2018) and Shrotryia & Dhanda (2019). The
selection of experts to determine the module’s
content validity was made purposively according
to the expertise, qualifications, and academic
publications of the experts. These experts were
chosen based on their experiences and expert or
specialist knowledge in the discipline of scientific
argumentation research, subject-matter and deve-
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lopment of module in practical biology in labo-
ratory learning environment. For this module’s
evaluation, the panel of experts comprised of one
expert in the field of scientific argumentation,
three experts in the teaching of biology and two
experts in intervention of development of biolo-
gy teaching module.

An eleven-point ordinal Likert rating scale
was used to evaluate the content validity of the
LAB-MADI module. The eleven-point ordinal
Likert rating scale was used because it increases
scale sensitivity and is closer to normality; mo-
reover, it can be easily understood (Leung, 2011).
The six experts are highly educated, are knowled-
geable in the fields they were asked to evaluate
and would be able to make distinction among the
points in the scale. The six experts were asked to
rate the content validity of the module overall,
and to rate each of the eight activities in relation
to the tasks seen in the rating protocol. The scale
was scored accordingly where 0 denotes mostly
disagree up to 10 which denotes mostly agree. Re-
sults from the six experts’ evaluation were then
analyzed in the evaluation quantification stage.

In the data analysis stage, the first step in-
volved performing the descriptive statistics for the
sample. Next, the data were analyzed to address
the objective of the study which was to determine
the validity of the module based on the calculati-
on of CVI and PCM.

As educational scholars, Gay et al. (2012)
believe that content validity is determined by
evaluation of the item and sample validity, and
not by statistical means; however, methods have
been proposed before this to quantify the process.
Content Validity Index (CVI) is the most wide-
ly used index in quantitative evaluation and is a
method of empirically determining the validity
of the instruments used thorough analysis of the
collected data. This method is easy to administer,
is low-cost, saves time and is easy to implement.
Dick et al. (2015) believe that data analysis pro-
cedures in the expert evaluation phase should be
straightforward and the data should be summa-
rized within the study questions for easy inter-
pretation, including frequency counts. Therefore,
many researchers in the field of education both
locally and internationally use this method to va-
lidate the content of their modules such as in teen
sexual education, mathematics education and
counselling education of drug addicts (Ghani et
al., 2015; Setambah et al., 2017; Mohd Noah &
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Ahmad, 2005). One method that is often practi-
ced by the researchers in assessing content validi-
ty is based on the method proposed by Lynn (El-
Den et al., 2018; Kadar et al., 2018; Polit & Beck,
2010). CVI is an index of the degree to which an
instrument is content valid, based on aggregated
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ratings of a panel of experts (El-Den et al., 2018;
Polit & Beck, 2010; Shrotryia & Dhanda, 2019).
The scale, formula, procedure and range accepted
for the CVI method (Setambah et al., 2017; Sh-
rotryia & Dhanda, 2019) are illustrated in Table
2 below.

Table 2. The Scale, Formula, Procedure and Range Accepted for the CVI Method

Details

Divide the ordinal scale into two groups for example scale 1, 2, 3, 4 so that 1 and 2

1. Scale Ordinal
represent disagree and vice versa.
2. Formula CVI=

n — numbers of evaluators who agreed; N — sum of evaluators

3. Range N

CVI value
accepted o5 100
6 20.83
7 20.86
8-10 20.78

Mean CVI is mean of all CVI for each item

This analysis is important for researchers
who want to determine the validity of the instru-
ment in their study. This is to ensure the content
validity of the instrument can be measured using
methods or procedures that are accurate and cor-
rect. In this study, the researcher divided the or-
dinal scale into two groups, namely disagree (sca-
le 0 to scale 5) which is equal to 0 and agree (scale
6 to scale 10) which is equal to 1 to calculate the
CVI among the six experts following the example
provided in Table 2. The results are presented in
the Results and Discussion section.

Content validity is an important fac-
tor in identifying and determining whether the
module’s content is relevant or representative of
the items or elements of an instrument. Howe-
ver, Setambah et al. (2017) argued that a single
approach is insufficient. They suggested that the
percentage value of a module that has been asses-
sed by experts should be calculated. According to
Mohd Noah & Ahmad (2005) and Ghani et al.
(2015), content validity percentage can be calcu-
lated using the formula as below:

Total Experts' Score

The Content Validity Percentage (PCM)= Total Masimum Seore

X 100%

Thus, two quantitative methods, i.e. the calcula-
tion of experts’ content validity index (CVI) and
percentage calculation method (PCM) were used
with the LAB-MADI module to determine the
validity of the module’s content.

RESULTS AND DISCUSSION

The background of the experts engaged
for expert judgement evaluation are listed in Tab-
le 4 below to show the coverage of expertise for
the entire domain of the module (argumentation
content, subject-matter expertise in biology and
target leaners).

This is then followed by the presentation
of the experts’ scores for CVI (Content Validity
Index) and experts’ scores for PCM (Percentage
Calculation Method) on the LAB-MADI Modu-
le based on the six criteria (suitability for target
students, feasibility, time allocation, improving
the dependent variables under study: argumen-
tation skills, science process skills and concepts
of diffusion and osmosis). Finally, the summa-
ry of the experts’ scores for PCM (Percentage
Calculation’s Method) and CVI (Content Validity
Index) on the eight practical work activities based
on the seven phases in the MADI model are pre-
sented.
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Table 3. Background of Experts
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Experts’ Title/ Post Institution

Expertise

E1: Associate
Professor

University of Sultan Idris
(UPSI), Perak, Malaysia.

E2: Associate
Professor

University of Technology
Malaysia (UTM), Johor, Ma-
laysia.

E3: Senior lecturer Sarawak Teachers Institute,

Miri Sarawak, Malaysia.

E4: Practical teacher =~ Government secondary school

in Sarikei, Sarawak, Malaysia.

E5: Biology excellent
teacher

Government secondary school
in Kuching, Sarawak, Malay-
sia.

E6: Biology excellent Government secondary school

Biology education, Science laboratory
management, Module evaluator, Mod-
ule developer

Chemistry education, Environmental
Science, Scientific argumentation, Mod-
ule evaluator, Module developer

Biology education, Module developer
Biology education, Teaching English

Language
Biology education

Biology education

teacher

in Sibu, Sarawak, Malaysia.

Table 3 presents information on the ex-
perts’ background. Based on Table 3, the experts
represented experts in scientific argumentation
(n=1), subject-matter (n=3) and development
of biology teaching module (n=2). Additional-
ly, among the group of experts, two are biology
excellent teachers (Guru Cemerlang or GC), one
is a practical teacher (Guru Amali or GA), and
three held PhDs, of whom two are associate pro-
fessors in two local public universities and one a

senior lecturer in a teacher training college. Each
of the experts has more than 10 years of working
experiences and all the lecturers, (PhD holders)
though currently are teaching in university and
teacher training college have had at least 5 years
of teaching experience in secondary schools with
students of the same level as the target learners of
the module. All the experts have specialization in
science and biology education.

Table 4. Descriptive Statistics of Experts’ Scores of CVI on the LAB-MADI Module

Items El E2 E3 E4 E5 E6 CVI
1. The content of this module is suitable for the target 1 1 1 1 1 1 1.00
students.
2. The content of this module can be implemented per- 1 11 1 1 1 100
fectly.
3. The content of this module corresponds to the time 1 1 o 1 1 1 083
allocated.
4. The content Qf this module can further improve argu- 1 11 1 1 1 1.00
mentation skills.
5. The content of' this module can further improve sci- 1 11 ) 1 1 1.00
ence process skills.
6.  The content of this module can further improve the
e . 1 1 1 1 1 1 1.00
concepts of diffusion and osmosis.
Total Score & Mean CVI 6 6 5 6 6 6 097

Remark: Disagree (0-5) = 0; Agree (6-10) = 1

Table 4 shows the descriptive statistics of
experts’ scores of CVI on the LAB-MADI mo-
dule. The CVI for each item was computed as
the number of experts giving a rating of 0 (disag-

reed) or 1 (agreed), divided by six (total number
of experts). For example, the third item which
was rated 1 by five out of the six experts has
CVI of 0.83. Meanwhile the mean CVI which is
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also known as the average of CVI was computed
by using the average CVI for six items. Table 4
shows all experts agreed that the content of this
module is suitable for the target students, can be
implemented perfectly, corresponds to the time
allocated, can further improve argumentation
skills, can further improve science process skills
and can further improve the concept of diffusion
and osmosis except for expert E3 who disagreed
that the content of this module corresponds to
the time allocated. Therefore, the result of CVI
from the six experts’ scoring was in the range of
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0.83 to 1.00 while the result of the calculation
of mean CVI from the six experts’ scoring was
0.97. This shows that this module has high CVI
in terms of content validity in the six criteria as-
sessed (suitability for target students, feasibility,
time allocation and improving the dependent va-
riables under study: argumentation skills, scien-
ce process skills and concepts of diffusion and
osmosis). It is recommended that the minimum
mean CVI should be 0.8 to reflect content validity
(Shrotryia & Dhanda, 2019).

Table 5. Descriptive Statistics of Experts’ Scores on the LAB-MADI Module based on PCM

Items El E2 E3 E4 E5 Eé6
1. The content of this module is suitable for
the target students. ? ? 10 10 ? 8
2. The content of this module can be imple- 9 6 3 9 10 3
mented perfectly.
3. The content of this module corresponds
to the time allocated. 0 8 > ? 7 8
4, The content of '[hlS. modgle can further 10 3 9 10 9 3
improve argumentation skills.
5. The conter}t of this modgle can further 9 9 10 10 9 3
improve science process skills.
6. The content of this module can further
improve the concepts of diffusion and os- 9 9 9 10 9 8
mosis.

Total Score
PCM
Mean PCM

55 49 51 58 53 48
91.67 81.67 85.00 96.67 88.33 80.00
87.22

Table 5 shows the descriptive statistics of
experts ‘scores on the LAB-MADI module based
on percentage calculation method (PCM). The
PCM for each expert was computed as the total
score of experts giving a rating of 0 to 10, divi-
ded by the maximum score of 60 then multiplied
by 100%. For example, for expert E6, the content
validity percentage calculated using PCM comes
to 80% (total score of 48 divided by 60 and then
multiplied by 100%). Meanwhile, the mean per-
centage of PCM which is also known as avera-
ge of PCM was computed by using the average
PCM for six experts. Table 5 shows the range of
scores among the experts on the suitability of the
module for the target students was between 8 and
10. The range of scores among the experts on the
statement that the module can be implemented
perfectly was between 6 and 10. The range of sco-
res among the experts on the allocation of time

for the module was between 5 and 9. The range
of scores among the experts on the content of the
module can further improve argumentation skills,
science process skills, and the concepts of diffusi-
on and osmosis was between 8 and 10. The range
for the total scores among the experts for all the
statements or items was between 48 and 58. The-
refore, the result from the six experts’ rating was
in the range of 5 to 10 while the result of mean
PCM from the six experts’ scoring was 87.22%.
This shows that this module has high content va-
lidity in the six criteria evaluated, i.e. suitability
for the target students, feasibility, time allocation
and improving the dependent variables under
study: argumentation skills, science process skills
and concepts of diffusion and osmosis). It is re-
commended that an overall PCM above 70% for
reflecting an high level of content validity (Ghani
et al., 2015; Mohd Noah & Ahmad, 2005).
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Table 6. Summary of the Descriptive Statistics for Experts’ Scores of Mean CVI and Mean PCM on

the Eight Activities of Practical Work

Items El E2 E3 E4 E5 Eé6

1. The content of this module is suitable for 9 9 10 10 9 8
the target students.

2. The content of this module can be imple- 9 6 8 9 10 8
mented perfectly.

3. The content of this module corresponds 9 8 5 9 7 8
to the time allocated.

4. The content of this module can further 10 8 9 10 9 8
improve argumentation skills.

5. The content of this module can further 9 9 10 10 9 8
improve science process skills.

6. The content of this module can further 9 9 9 10 9 8
improve the concepts of diffusion and os-
mosis.
Total Score 55 49 51 58 53 48
PCM 91.67 81.67 85.00 96.67 88.33  80.00
Mean PCM 87.22

Tables 6 shows the summary of descriptive
statistics for experts’ scores of mean CVI (Con-
tent Validity Index) and mean PCM (Percentage
Calculation Method) on the eight activities of
practical work. The CVI for the eight activities
was computed as the number of experts giving a
rating of 0 (disagreed) or 1 (agreed) for each acti-
vity, divided by six (total number of experts). The
PCM for the eight activities was computed as the
total score of experts giving a rating of 0 to 10 for
each activity, divided by the maximum score of
60 and then multiplied by100%. The mean CVI
and mean PCM was computed by using average
CVI and average PCM for the six experts on the
eight activities of practical work. In contrast the
mean overall CVI and mean overall PCM for the
whole practical work activities were computed by
using average mean CVI and average mean PCM.
Based on Table 6, the result of mean CVI from
the six experts’ scoring on the eight activities
based on the MADI model was in the range of
0.90 to 0.98. Meanwhile the result of the calcula-
tion of mean PCM from the six experts’ scoring
on the eight activities based on the MADI model
was in the range of 76.90% to 85.00%. Overall,
the mean for the CVI and PCM for the eight prac-
tical activities based on the seven stages in the
MADI model was 0.98 and 81.88%, respectively.
This shows that the eight practical activities have
high validity which is supported by the accepted
value of CVI which is more than 0.83 (Shrotryia

& Dhanda, 2019) and PCM which is more than
70% (Ghani et al., 2015; Mohd Noah & Ahmad,
2005).

Based on the analysis conducted, the mean
scores of CVI (Table 4) and PCM (Table 5) for
the LAB-MADI module were 0.97 and 87.22%,
respectively. The mean overall scores of CVI and
PCM (Table 6) for the eight practical activities
based on the seven stages in the MADI model
were 0.98 and 81.88%, respectively. Thus, the re-
sults demonstrate that the LAB-MADI module
which was developed based on the MADI model
has high construct validity. This leads the resear-
cher to strongly belief that the LAB-MADI mo-
dule can be used in the study with the target stu-
dents to examine explicit instruction of scientific
argument in practical work through argument-
driven inquiry approach. Students’ engagement
in the skills of argumentation, science process
and concepts in the topic of diffusion and osmo-
sis through the use of this module is regarded as
highly important and relevant. This is because
these skills may help to ensure that the students
are better prepared for the 21st century workforce
and have a better future.

Content validity refers to the extent to
which a measurement reflects the specific inten-
ded domain of content. As Gaur & Gaur (2009)
stated, to establish content validity of a module,
the researchers should first define the entire do-
main of the study (in this study, argumentation
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content, subject-matter in biology and target lea-
ners) that needs to be covered by the experts and
then assess if the module evaluated truly repre-
sents this domain. Subject-matter expert (SME)
that can be employed as an SME is a person kno-
wledgeable about a particular content area and is
also known as a content specialist or subject-mat-
ter specialist. As shown in the information on the
background of the experts in Table 3, the specia-
lization of the experts covered the domain of this
present study in terms of subject matter (content
knowledge) and also pedagogical knowledge in
evaluating the Lab-MADI module for teaching
explicit scientific argument in practical biology.
There are few reminders that must be con-
sidered by every researcher during the validity
testing process. This must be carried out so that
the module constructed will perform according
to the way that it is meant to perform during the
actual conduct of the study. It is very important
that a template for reviewing the materials should
be included in the module domain including ade-
quate materials for the given learners’ needs, the
designer’s instructional strategy including the
preinstructional information, content presenta-
tion, learner participation, and assessment, and
transfer feasibility analysis about the instructio-
nal materials relating to their potential for trans-
ferability of knowledge and skills from the lear-
ning context to the real site (Dick et al., 2015).
Among the consideration, the determination of
the validity domain of the module should be car-
ried out and this can be carried out by collecting
data from the experts and calculating the content
validity using CVI and PCM to determine the
validity level of the module. In addition, the ap-
pointment of experts at the judgement evaluation
stage is important to determine the module’s ef-
fectiveness so that the final product can be imp-
roved until it reaches the desired level of quality.

CONCLUSION

The intent of this paper is to determine the
validity of the LAB-MADI module. The LAB-
MADI module was constructed as an effort to
improve the ability of students to participate to
develop scientific argumentation. The findings
from this study shown that the LAB-MADI
module seems to be a reasonably good modu-
le to implement for explicit scientific argument
in practical biology. Findings from the analysis
show that this module has very good validity
based on rating of experts. Therefore, in the next
stage of summative evaluation, a study on the
effectiveness of this LAB-MADI module in de-
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veloping students’ argumentation skills, science
process skills in relation to the concepts of diffu-
sion and osmosis will be carried out in an actual
field study. However, this module may be limited
in its usage as it is specific to the Malaysian upper
secondary school biology curriculum.

ACKNOWLEDGMENTS

Appreciation is extended to the Mlaysi-
an Ministry of Education (MOE) for awarding
sponsorship (HLP) to the corresponding author
to carry out this study. The corresponding author
would also like to express her gratitude to her
first supervisor, Prof. Dr. Lilia Halim for her in-
sightful and constructive feedback on the earlier
version of this manuscript. (The views expressed
in this paper represent those of the authors and
do not necessarily represent those of any of the
national agencies mentioned).

REFERENCES

Arip, M., & Shah, M. A. (2010). Kesan Kelompok Bimb-
ingan ke Atas Konsep Kendiri, Daya Tahan dan
Kelangsangan Remaja (Doctoral Dissertation,
Universiti Pendidikan Sultan Idris).

Balta, N., & Sarac, H. (2016). The Effect of 7E Learn-
ing Cycle on Learning in Science Teaching: A
Meta-Analysis Study. European Journal of Edu-
cational Research, 5(2), 61-72.

Berland, L. K., & Hammer, D. (2012). Framing for
Scientific Argumentation. Journal of Research in
Science Teaching, 49(1), 68-94.

Bybee, R. W. (2015). The BSCS 5E Instructional Model:
Creating Teachable Moments. NSTA Press, Na-
tional Science Teachers Association.

Chen, H. T., Wang, H. H., Lu, Y. Y, Lin, H. S, &
Hong, Z. R. (2016). Using a Modified Argu-
ment-Driven Inquiry to Promote Elementary
School Students’ Engagement in Learning Sci-
ence and Argumentation. International Journal
of Science Education, 38(2), 170-191.

Clark, D. B., Sampson, V., Chang, H. Y., Zhang, H.,
Tate, E. D., & Schwendimann, B. (2012). Re-
search on Critique and Argumentation from
the Technology Enhanced Learning in Science
Center. In Perspectives on Scientific Argumenta-
tion (pp. 157-199). Springer, Dordrecht.

Dick, W, Carey, L., & Carey, J. O. (2015). The System-
atic Design of Instruction (8th ed.). Boston, USA:
Pearson.

El-Den, S., O'Reilly, C. L., Gardner, D. M., Murphy,
A. L., & Chen, T. F. (2018). Content Valida-
tion of a Questionnaire Measuring Basic Peri-
natal Depression Knowledge. Women & health,
1(2018),1-16.

Foong, C. C., & Daniel, E. G. (2013). Students’ Ar-
gumentation Skills across Two Socio-Scientific
Issues in a Confucian Classroom: Is Transfer



I.L. L. Ping and K. Osman/ JPII 8 (1) (2019) 129-140

Possible?. International Journal of Science Educa-
tion, 35(14), 2331-2355.

Gaur, A. S., & Gaur, S. S. (2009). Statistical Methods
for Practice and Research: A Guide to Data Analysis
Using SPSS (2nd ed.). New Delhi, India: Sage
Business Books.

Gay, L. R, Mills, G. E., & Airasian, P. W. (2012). Edu-
cational Research Competencies for Analysis and
Applications (10th ed.). Boston, USA: Pearson.

Ghani, F. A., Latif, A. A., Aziz, A. A., & Khan, A.
(2015). Validity and Reliability Analysis of
the ‘SayangKU’(MyLove) in Intervention
for Addressing Adolescents Involved in Free
Sex. Journal of Religion and Health, 54(4), 1375-
1386.

Grooms, J., Enderle, P., & Sampson, V. (2015).Coordi-
nating Scientific Argumentation and the Next
Generation Science Standards through Argu-
ment Driven Inquiry. Science Educator, 24(1),
45-50.

Grooms, J., Sampson, V., & Golden, B. (2014). Com-
paring the Effectiveness of Verification and
Inquiry Laboratories in Supporting Under-
graduate Science Students in Constructing
Arguments around Socioscientific Issues. In-
ternational Journal of Science Education, 36(9),
1412-1433.

Gultepe, N., & Kilic, Z. (2015). Effect of Scientific
Argumentation on the Development of Scien-
tific Process Skills in the Context of Teaching
Chemistry. International Journal of Environmen-
tal and Science Education, 10(1), 111-132.

Halim, L., Abdullah, S. I. S. S., & Meerah, T. S. M.
(2014). Students’ Perceptions of Their Sci-
ence Teachers’ Pedagogical Content Knowl-
edge. Journal of Science Education and Technol-
ogy, 23(2), 227-2317.

Halim, L., Meerah, T. S. M., Zakaria, E., Abdullah,
S. 1. S. S., & Tambychik, T. (2012).An Explor-
atory Factor Analysis in Developing Peda-
gogical Content Knowledge Scale for Teaching
Science. Research Journal of Applied Sciences, En-
gineering and Technology, 4(19), 3558-3564.

Tksan, Z. H., Osman, K., & Salehudin, S. N. M. (2018).
Take-Home-Experiment: Enhancing Students’
Scientific Attitude. Journal of Baltic Science Edu-
cation, 17(5), 828-837.

Henderson, J. B., McNeill, K. L., Gonzalez-Howard,
M., Close, K., & Evans, M. (2018). Key Chal-
lenges and Future Directions for Educational
Research on Scientific Argumentation. Journal
of Research in Science Teaching, 55(1), 5-18.

Kadar, M., Ibrahim, S., Razaob, N. A., Chai, S. C., &
Harun, D. (2018). Validity and Reliability of a
Malay Version of the Lawton Instrumental Ac-
tivities of Daily Living Scale among the Malay
Speaking Elderly in Malaysia. Australian occu-
pational therapy journal, 65(1), 63-68.

Leung, S. O. (2011). A Comparison of Psychomet-
ric Properties and Normality in 4-, 5-, 6-, and
11-Point Likert Scales. Journal of Social Service
Research, 37(4), 412-421.

139

Llewellyn, D. (2007). Inquire Within: Implementing In-
quiry-Based Science Standards In Grades 3-8 (2nd
ed.). California: Corwin Press.

Llewellyn, D. (2013). Teaching High School Science
through Inquiry and Argumentation (2nd ed.).
California, USA: Corwin.

Llewellyn, D., & Rajesh, H. (2011). Fostering Argu-
mentation Skills: Doing What Real Scientists
Really Do. Science Scope, 35(1), 22-28.

Lodico, M. G., Spaulding, D. T., & Voegtle, K. H.
(2010). Methods in Educational Research: From

Theory to Practice (Vol. 28). John Wiley & Sons.

McNeill, K. L. (2009). Teachers’ Use of Curriculum
to Support Students in Writing Scientific Argu-
ments to Explain Phenomena. Science Educa-
tion, 93(2), 233-268.

McNeill, K. L., & Knight, A. M. (2013). Teachers’
Pedagogical Content Knowledge of Scientific
Argumentation: The Impact of Professional
Development on K-12 Teachers. Science Educa-
tion, 97(6), 936-972.

Mohd Noah, S., & Ahmad, J. (2005). Pembinaan Mod-
ul: Bagaimana Membina Modul Latihan Dan
Modul Akademik. University Putra Malaysia.

Osborne, J. (2012). The Role of Argument: Learning
How to Learn in School Science. In B. Fraser,
K. Tobin, & C.J. McRobbie (Eds.).Second Inter-
national Handbook of Science Education (pp. 933-
949). Dordrecht: Springer.

Osborne, J. (2013). The 21st Century Challenge for
Science Education: Assessing Scientific Rea-
soning. Thinking Skills and Creativity, 10(2013),
265-279.

Osborne, J. (2014). Teaching Scientific Practices: Meet-
ing the Challenge of Change. Journal of Science
Teacher Education, 25(2), 177-196.

Osborne, J.,, Donovan, B. M., Henderson, J. B.,
MacPherson, A. C., & Wild, A. (2017). Arguing
from Evidence in Middle School Science. Thousand
Oaks, California: Corwin.

Osborne, J., Simon, S., Christodoulou, A., How-
ell-Richardson, C., & Richardson, K. (2013).
Learning to Argue: A Study of Four Schools
and Their Attempt to Develop the Use of Ar-
gumentation as A Common Instructional Prac-
tice and its Impact on Students. Journal of Re-
search in Science Teaching, 50(3), 315-347.

Osman, K., Ahmad, C. N. C,, & Halim, L. (2011).
Students’ Perception of the Physical and Psy-
chosocial Science Laboratory Environment
in Malaysia: Comparison across Subject and
School Location. Procedia-Social and Behavioral
Sciences, 15(2011), 1650-1655.

Osman, K., & Hamid, S. H. A. (2009). Standard Set-
ting: Inserting Domain of the 21St Century
Thinking Skills into the Existing Science Cur-
riculum in Malaysia. Procedia-Social and Behav-
ioral Sciences, 1(1), 2573-2577.

Osman, K., Soh, T. M. T., & Arsad, N. M. (2010).
Development and Validation of the Malaysian
21St Century Skills Instrument (M-21Csi) for
Science Students. Procedia - Social and Behavioral



140

Sciences, 92010), 599-603.

Peen, T. Y., & Arshad, M. Y. (2017). Collabora-
tive and Self-Directed Learning Processes: A
Case Study in Malaysian Chemistry PBL les-
son. IJER-Indonesian Journal of Educational Re-
view, 4(1), 1-13.

Polit, D. F., & Beck, C. T. (2010). Essentials of Nursing
Research: Appraising Evidence for Nursing Prac-
tice. Philadelphia, PA: Lippincott Williams &
Wilkins.

Russell, J. D. (1974). Modular Instruction: A Guide to
the Design, Selection, Utilization and Evaluation
of Modular Materials. Minneapolis, Minnesota,
USA: Burhess Publishing Company.

Sampson, V., & Blanchard, M. R. (2012). Science
Teachers and Scientific Argumentation: Trends
in Views and Practice. Journal of Research in Sci-
ence Teaching, 49(9), 1122-1148.

Sampson, V., Enderle, P., Gleim, L., Grooms, J., Hes-
ter, M., Southerland, S., & Wilson, K. (2014).
Argument-Driven Inquiry in Biology. Arlington,
Virginia, USA: NSTA Press.

Sampson, V., & Gleim, L. (2009). Argument-Driven
Inquiry to Promote the Understanding of Im-
portant Concepts & Practices in Biology. The
American Biology Teacher, 71(8), 465-472.

Sampson, V., Grooms, J., & Walker, J. P. (2011). Ar-
gument-Driven Inquiry as a Way to Help Stu-
dents Learn How to Participate in Scientific
Argumentation and Craft Written Arguments:
An Exploratory Study. Science Education, 95(2),
217-257.

I. L. L. Ping and K. Osman/ JPII 8 (1) (2019) 129-140

Sampson, V., & Walker, J. P. (2012). Argument-Driven
Inquiry as a Way to Help Undergraduate Stu-
dents Write to Learn by Learning to Write in
Chemistry. International Journal of Science Edu-
cation, 34(10), 1443—-1485.

Setambah, M. A. B., Tajudin, N. M. T., Adnan, M.,
& Saad, M. 1. M. (2017). Adventure Based
Learning Module: Content Validity and Reali-
ability Process. International Journal of Academic
Research in Business and Social Sciences, 7(2),
615-623.

Shrotryia, V. K., & Dhanda, U. (2019). Content Valid-
ity of Assessment Instrument for Employee
Engagement. SAGE Open, (1), 1-7.

Toplis, R. (2012). Students’ Views about Secondary
School Science Lessons: The Role of Practi-
cal Work. Research in Science Education, 42(3),
531-549.

Walker, J. P., Sampson, V., & Zimmerman, C. O.
(2011). Argument-Driven Inquiry: An Intro-
duction to a New Instructional Model for Use
in Undergraduate Chemistry Labs. Journal of
Chemical Education, 88(8), 1048-1056.

Wu, H. L., & Pedersen, S. (2011). Integrating Comput-
er- and Teacher-Based Scaffolds in Science In-
quiry. Computers & Education, 57(4), 2352-2363.

Yang, W. T., Lin, Y. R., She, H. C., & Huang, K. Y.
(2015). The Effects of Prior-Knowledge and
Online Learning Approaches on Students’
Inquiry and Argumentation Abilities. Interna-
tional Journal of Science Education, 37(10), 1564-
1589.



