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ABSTRACT

Background: Systematic collection of scientific evidence on the applicability an usability of model
and its components is an important aspect of design and development research.

Purpose: The aim of this study is to determine external validity of the organic reaction teaching model
in terms of its practicability and potentiality in enhancing students’ performance scores.

Method: A field testing method was conducted across five matriculation colleges in Malaysia by five (5)
experts’ chemistry lectures who implemented a lesson plan developed based on the model’s constructs
and then responded to an open ended questionnaire to express their views on the practicability of the
model. 40 matriculation Students that participated in the field testing were also evaluated to determine
the potentiality of the model on their performance in organic reactions. Four main themes having of
many codes and quotations were identified.

Keywords:

Teaching model, Organic reaction
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Results: The analysis of the results indicates that the model is compatible, clear and flexible for
teaching organic reactions. Moreover, the model components have the potential of miximizing students’
academic performance in organic reaction with an overall score of 84.4 % in the organic chemistry
tests. Thus, the model was found practicable for teaching and have the potential to minimized students’
common errors in organic reaction mechanisms.
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Conclusions: The findings of this study may similarly work as a reference model in developing
modules and measuring instruments to reduce errors in other procedural concepts in chemistry and
other science-related subjects.

1. Background

Models are employed to give a simple framework
and a clear explanation for complex real-world
circumstances that originally appear chaotic (Gilbert,
Boulter, & Elmer, 2000). These philosophical
interpretations of reality support both conceptual and
cognitive comprehension of the experience (Akaygun,
2016). There are two distinct types of models that
might both benefit from validation. The first explains
and illustrates the relationships between the design-
influencing aspects, while the second offers design
tactics (Uzunboylu & Kosucu, 2017). They are models
that are both conceptual and procedural (Tracey &
Richey, 2007). In procedural models, which start with
various forms of analysis, processes include the design
of instructional materials and the development of a

list of requirements for the Instructional delivery in
the classroom(Gustafson & Branch, 2010). Several
graphical and sequential representations are used
to depict different procedural model components.
As a result, the validation processes cover the entire
process while the model is being implemented. Models
Developed by Ragan, Smith, and Curda (2008) and
Dick, Carey, and Carey (2001) are two examples of
procedural models that are frequently used in project
design. Several variances are mostly expressed in the
development process of fundamental model aimed
ataddressing the uniqueness of students’ classroom,
school curricula, mode of dissemination, or even
special design principles.

Procedural models included more specific aspects
of the design, development, and validation processes.
The model of English language communication
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skills for undergraduates (Abdullahi, 2014), skives,
the training curriculum model for the engineering
education program (Ridhuan, 2016), the higher-order
thinking teaching model for basic education students
(Ahmed, 2016), and the games-based mobile learning
(GBML) model for teaching arithmetic at elementary
school were a few examples of the mobile learning
program.However, model Developers must ensure the
validity and reliability of the models by using logical
and clear evidence from the literature (Dutt, Tan,
Alagumalai, & Nair, 2019) and are driven by the
practical repercussions of its usage as well as the user’s
satisfaction.

Model validation is the systematic collection of
scientific evidence to explain a model’s applicability
in the field or to demonstrate the utility of its many
components. According to Andrews and Goodson
(1980), “the model’s validity to the actual processes it
reflects decreases as the model’s specificity decreases.”
In certain situations, employing a model needs
extensive clarification and refinement in order to
provide the necessary qualities for implementation.
Model validation produces strong concept criteria,
which are extensively used as communication tools
to foresee and explain the desired approach, as well as
to contribute to the conception and implementation
of ideas.The internal validity of the model lies on the
classification of activities, their relationships and the
usability of model components that can be established
from by the experts in the discipline the model was
intended to be implemented. This types of validity
have been established by many researchers through
various methods such as experts’ evaluation, fuzzy
Delphi and nominal group technique (Abdullahi,
2014 & Ridhuan, 2016).

However, while establishing the model’s validity,
some common concerns should be addressed.
These include establishing the validity of the results,
generating conditions that allow causal inferences
and claims to be credible, and assisting with the
generalization and interpretation of findings. Thus,
external validity of the model is needed in order to
ensure the practicability and potentiality of the model.
External validity of the model entails determining the
degree to which conclusions about the model’s use are
acceptable and substantive.

The process of collecting and evaluating empirical
information to establish the usage of a model

designed to enhance the model’s many structures
and instructional activities, particularly the Organic
Reaction Teaching Model, is referred to as external
validity of the model in this article (ORTM). This is
a teaching model develop based on students’ practices
and experts collective opinion through contents
analysis and two rounds of traditional Delphi method.
consists of 30 instructional activities organized into 5
dimensions: symbolism, mechanisms, visualization,
cross-cutting, and reflection, which are then grouped
into 3 domains, including treatment, avoidance,
interference, and correction.The components of
the model were evaluated by experts through fuzzy
Delphi evaluation to indicate internal validity which
revealed its usability. This study was designed to give
evidence to support the main aim of the study, which
was to validate the practicability and potentiality of
the ORTM model from the practitioners’ views. As a
result, the following research questions are addressed
in this paper:
1. Howdoes the ORTM help lecturers to improve students’
understanding of organic reaction mechanisms?
2. What is the potentiality of ORTM in helping students
to minimize common errors in organic reaction
mechanisms?

2. Methodology

An exploratory sequential design that sequentially
utilizes both qualitative and quantitative approaches in
thedata collection wasadopted in thisstudy. The organic
reaction teaching model ORTM was implemented by
chemistry subject matter experts through field testing
method. This method is used primarily to collect
qualitative data for determining the practicability of
the model from the perspective of the lecturers, and
quantitative data to establish the potentiality of the
model from the students’ perspectives as the end users
of this educational product.

Field testing is described as the usage of a programs
or product on many sites similar to those for which it
was designed, with the primary goal of collecting data
on the practicability and potentiality of that program
or product (Altschuld & Hines, 1982). The field test
activities were usually conducted in numerouslocations,
especially in instances where the program, product,
tool, or model would be used. The procedure of the
field testing was based on the following steps: Selection
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of matriculation chemistry lecturers as participants,
training of lecturers, teaching of the students using
ORTM lesson plan, interviewing of lecturers and data
analysis. The field testing was conducted with a lesson
plan developed based on the ORTM components.
The respondents comprised of five chemistry lecturers
and 40 matriculation students from five chemistry
matriculation colleges. The lecturers were purposely
chosen based on their experience and knowledge of
the field. Each of the experts invited and participated
in the field testing received a 200RM gift card as
compensation for implementation of the model and
completing the open ended questionnaire. A total of
four instruments were used in the field testing process;
two instructional and two measurement instruments.
These include: ORTM  implementation Guide,
ORTM lesson plan, ORM academic achievement test
and lecturers’ interview protocol. These were explained
in detail as follows:

The ORTM implementation guide provides
detailed facilitation notes to fully support lecturers
delivery process. This valuable resource provides point-
of-use support that serves as lecturers’ primary resource
for implementing organic reaction mechanisms. The
ORTM implementation Guide was developed by
the researcher for training the lecturers on how to
teach matriculation students reaction mechanisms
using the organic reaction teaching model. It is a
step by step action plan of the implementation of the
model components to ensure the practicability and
potentiality of the model in actual classroom situation.
The guide is therefore activity based and it showed
steps to be followed and the role of the lecturer and
the students. It gives both lecturer and the students in
the class opportunity to participate actively during the
lesson.

ORTM Lesson Plan was planned based on the
model constructs as the main steps for the lesson
delivery. The model instructional activities were
used as guide for the presentation of the lecturer
and the students’ role during the lesson. The logical
presentation of the lesson was based on the three error
domains of the model. ORM academic achievement
test instrument was adopted from (Azraai, 2016).
The original instruments comprised of 40 items
measuring students’ performance in organic chemistry.
The instrument was modified and only items testing
students’ achievement in reaction mechanisms were

considered and adopted in this study. Thus it contains
20 items dully validated by three experts in chemistry.

The open-ended questionnaire comprises of
thirteen (13) questions that allowed the lecturers to
write open responses in their own words. Lecturers
were invigorated to use their own knowledge and
express their own feeling in their experience with
ORTM lesson plan. Questions in the open-ended
questionnaire were designed to ask lecturers to give
their opinion about the practicability of the model that
might help them to understand the topic better and
minimize errors in ORM. Thus, the main objectives
of the open-ended questionnaire are to identify the
practicability and determine the potentiality of the
ORTM lesson in helping the students to minimize
common errors in ORM. Earlier on, the respondents
were requested to fill their personal details and
consent forms. The personal details and consent
forms templates. The open ended questionnaire were
administered to the respondents after teaching their
students using ORTM lesson plan. The open ended
questionnaire was retrieved from the lecturers for the
data analysis. All the information obtained from the
questionnaires were analysed into themes, codes, and
quotations.

3. Findings and Discussion

The external validity of the model was determined
using field testing method. In the process, alesson guide
was developed and used for training matriculation
chemistry lecturers to teach matriculation students
in five different matriculation colleges in Malaysia.
the field testing evaluation method was employed
as a technique to determine the external validity in
term of practicability, and potentiality of the model
in minimizing students’ common errors in organic
reaction mechanisms.

4. Findings on Practicability of the Model

Field testing was conducted across five selected
matriculation colleges to determine the practicability
and potentiality of the model. According to Englander
(2016), the individual participating in the qualitative
research must have a common experience on such a
phenomenon to be investigated. Thus, five experienced
matriculation chemistry lecturers in Malaysia were
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purposively selected and interviewed to ascertain
the practicability of the model. The five respondents
were selected based on their vast knowledge and
experiences in teaching and learning in the field of
organic chemistry. They were trained and requested
to use ORTM lesson plan to teach and assess the
students’ performance and then responded to the
open ended questionnaire to share their views on the
practicability and potentiality of the ORTM lesson
plan in the actual classroom situation. The questions
asked in the open ended questionnaire were meant to
answer the research question as follows: RQ1: How
does the ORTM help lecturers to improve students’
understanding of organic reaction mechanisms? Four
main themes were emerged from the responses of the
lecturers after implementing the model in the real

classroom situation. These include; compatibility,
clarity of stages, efhiciency, and flexibility.

5. Theme One: Compatibility

In order to improve model practicability and
potentiality, attention must be paid to the compatibility
of the model components versus teachers and students
activities (Umoren&Ogong, 2007). This played an
important role in improving the amount of knowledge
the students can gain from the lesson delivered in the
classroom. This section presents the findings from
the field testing among the matriculation lecturers
in Malaysia. Adjustable and Friendly were two codes
identified under the theme of the ORTM compatibility.
Figure 1 depicts the emergent theme, codes and related
quotations from the perspectives of the experts.

[ Model Compatibility ]

‘ Adjustable ‘

...use curved arrows io
show and irack eleciron
movement

ahle to give my
students clear-cut
examples

L

prepared to he aware, ohservant

I teach explicitly by using colours o
indicate....

Figure 1: ORTM Compatibility.

Extracts from the experts indicated that organic reaction
teaching model (ORTM) components are compatible and
user-friendly to them. They lamented that the model con-
stituents as domains, constructs and instructional activi-
ties make it easily for them to adjust their teaching styles
for explicit presentation of abstract parts of the organic
reactions. The model constructs and instructional activi-
ties makes the lesson planning easily and engaged both
teachers and the students during the lesson. Experts 2 said
that “the lesson planned using ORTM makes me to modify
my teaching style by allowing me to cite Hans-on activi-

and attentive to keypoints
of........

ties to the students”. Experts 5 supported this statement
by stating that “with ORTM lesson plan | teaches explic-
itly by using colours and expanded structures to indicate
functional groups, bonds and lone pairs to the students “.

Using arrow (s) to illustrate electron movement
increased working load to the students, particularly
on how to locate the source and destination of the
arrows. However, the instructional activities in the
symbolisms and mechanisms constructs of the model
provide teachers with options on how to simplify the
used of arrow in writing reaction mechanisms. This
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was agreed by experts 1 who lamented that “7 was
able to give my students clear-cut examples on how to
use curved arrows to show and track electron movement
during reaction mechanisms as presented in the ORTM
lesson plan”. Teaching models are meant to simplify the
way teachers communicate to their students with aim
of making lessons simple, interesting and enjoyable
to the students. These could be achieved by planning
and delivering lesson that encourages students
active participation. Experts 3 said,  lesson planned
base on ORTM was user friendly, the lesson plan allow
mystudents to performed hands-on activities to show
electron movement explicitly using arrows”. This view
was confirmed by Lecturer 4, who stated that “because
of the suitability of instructional activities in the model
my students became prepared to be aware, observant
and attentive to key points of the lesson”. Thus, from
the perspectives of the experts, who implemented the
model, it was deduced that the ORTM was practicable
in terms of compatibility of its components for ensuring
students active learning and increases student-teacher
and student-students interaction during lesson.

6. Theme Two: Clarity of Stages

For teaching model to be practicable, it must have a
number of components being perceived by the end
users as clear. Teaching model should indicate clearly,
the various types of instructional activities in order of
priority for ease of implementation in the classroom
based on the nature of the subject matter and the
level of the students (Mugsith et al., 2017). Therefore,
model must orient and prepare teachers and students
for what is to be taught; and provide illustrations and
examples; use a variety of instructional materials; so
that students understanding could be improve. The
domains, constructs and instructional activities of the
ORTM are organized in such a way that teaching is in
a step-by-step manner; stressing directions and difficult
points, provide practices and rules for satisfactory
performance from the students’ feedback. The
emergent theme, codes and related quotations from the
perspectives of the experts after implementing ORTM
in the actual classroom. logical and comprehensibility
were two codes that emerged under the theme of the
ORTM clarity theme as shown in Figure 2.

MModel Clarity of Stages

Logical
Cotnprehendible ‘
Crosscutting
veee Students can ...were presented hased on activities were first
easily learnwith A presented, followed
the model / bv....
. 1
vilazesvery I «oo Were arranged in their
Elear order of complexity
the activities are arranged in
Hh I easily locate the sources
order of priority.... L
| The model is graspable | and destinationof...

Figure 2: ORTM Clarity.

All the five lectures agreed that the components of
the ORTM are clearly arranged to simplify planning
and implementation of the lesson. Furthermore, the
instructional activities were arranged to enable easy
students’ comprehension. For example, expert 1 said,

“...1 foundthe ORTM model stages very clear, because
the activities are arranged in order of priority...”.
This was supported by expert 5 who stated, that
“... instructional activities were presented based on

the reasons the ORTM model was developed, he added
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that, symbolisms and crosscutting activities were first
presented to help students avoid errors followed by
visualization, mechanisms and reflection activities to
interfere and correct the errors already made by the
students. . ..”.

Similarly, experts 3 reported that “... I easily
understand the model components because of the way
they were arranged in their order of complexity from
simple to complex.”. Expert 4, added that “7 believe the
model stages are okay from the way my students and 1
are freely interacting while the lesson is taking place...”
this was supported by expert 2, who reported that
“... T was surprised, the way my students easily learned
how to locate the sources and destination of electrons in
writing reaction mechanisms”. Therefore, from the

aforementioned after implementing of the ORTM
lesson, its deduced that the stages of ORTM are very
clear since the model lesson can be easily understood
by both lecturers and the students.

7. Theme Three: Model Efficiency

Learning efficiency is measured by the ratio between
potentiality and the amount of time and learning
resources used (Kristiono, Dwiyogo&Hariadi, 2019).
Analysis of the results shown three related codes
under the model efficiency theme: resources, time and
personnel. The emerging codes and related quotes were
depicted using schematic diagrams in Figure 3.

Model Efficiency

Personnel ‘

‘ Eesource ‘ | T ‘ | |
I used ordinary board /maker to m‘a =
illusirate
taried| around %am and completed ﬂ“"?“ghﬂlltﬂle lesson
¥ 52 amy..... period
ORTM resource are found .... / %
;"; voee Iz time hound
¥ I did not require any supporting

.... Finished my lesson in an hour time

staff......

Figure 3: Model Efficiency.

From the results, related quotes were obtained from the
lecturer’s views. Analysis of the results shows that all the
five experts agreed that ORTM model is efficient in teach-
ing organic reaction mechanisms. Since the model was
implemented by the regular teachers in different locations
without requiring more resources and additional person-
nel. Quoting experts 2’s words “... | did not require any
supporting staff before implementing ORTM lesson plan
in my classroom”. Experts 4 supported this statement by

stating that *“.... | teach a lone throughout the lesson pe-
riod, | was relaxed when students are busy with their ac-
tivities already incorporated in the ORTM lesson plan...”.

The period of time allocated to the teacher is
very important for covering the syllabus (Tobin &
Gallangher,1987; Dejene, 2019). Thus, an eficient
lesson plan should be completed within the time frame
allocated in the school timetable (Nworgu&Oluwuo,
2019). Experts 3 stated that, “.... I spent less time than
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usual when teaching with ORTM lesson plan, I started
around 9am and completed by 9:52am, less than 1hour.”.
This statement was further supported by Expert 5 who
in addition noted that; “...ORTM lesson plan is time
bound in performing hands-on activities by the students,
it took me exactly an hour to complete my lesson......".
The use of resources in form of audio, visual and
audio-visual are crucial in delivering effective lessons
(Dwiyogo&Radjah, 2020). The use of technology
gadget in the teaching of science have been widely
reported in the literature (Mama & Hennessy, 2013;
Ali, 2020; Lim et al., 2021).

However, technology driven lessons are associated
with technical challenges related to power supply
and internet access especially in remote areas. Thus,
ORTM lesson were planned to be implemented with
common resources available in nooks and crannies of
the country. Quoting expert 4 statement, “...7 wused
ordinary white board maker to explicitly illustrate abstract
part of organic compound such as bonds, lone pairs and
Sfunctional groups when implementing ORTM lesson....".
This view was also reported by expert 2 who stated

that “...... 1 only made little amendment on my lecture
notes in teaching organic reaction using ORTM lesson
plan...”. The Other experts stated that they did not
require any special resources in implementing ORTM
lesson plan. Thus, the results indicate that ORTM
lesson is practically efficient in terms of time, resources
and personnel needed in teaching organic reaction

mechanisms for better students understanding.

8. Theme Four: Model Flexibility

The validity of the teaching model depends on its
flexibility to meet the needs of its users (Deldjoo
et.al., 2021). This model provides the teacher with
the options to adapt different strategies of teaching
to improve students understanding of mechanisms
of organic reactions. The model components allow
teachers with a coherent teaching ideology to
manage and tract the consistency in teaching organic
reactions. This theme includes two codes: adaptable,
and manageable as depicts in Figure 4 as follows:

Mod el Flexibility

Adaptable ‘

Ty

‘ Manageable ‘

it eazy to connect the inztructi

el found the module suitable to
teach

Figure 4: Model Flexibility.

Under the model flexibility theme, all the five experts
agreed that modules can be developed using ORTM
for teaching organic reaction mechanisms of different

activities in the five construct. ...
L1
model constructz are eazily '"b:a ::Tehrz th:nuth&r
amend able to achieve....
J | mechanizms part for all kind l
o snibie model iz conv enient for
teaching all catemories of

functional groups. This is an exceptional characteristic
of ORTM for being adaptable in planning lessons to
teach vast number of reactions mechanisms despite
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its spiral nature in the organic chemistry syllabus. For
example, experts 1 reported that, “.... the instructional
activities in the model constructs are easily amendable
to achieve many objectives of the lesson...”. Expert 4
supported this statement by reporting that “... 7 was
able to modified the instructional activities of the model
to guide my students to avoid, interfere and correct errors
in ORM".

Reaction mechanisms varies depending on
many factors such as classes of reacting compounds,
conditions of the reaction and the reaction medium.
Thus, a rigid model is antithetical to the effectiveness
in any instruction (Wong & Day, 2009). Nonetheless,
expert 3 stated that, “...... because of the integration
of the symbolisms, mechanisms and visualization
activities in the ORTM, I found the module suitable
to teach organic chemistry mechanisms for all types of
reaction like elimination, substitution and addition
Similarly, expert 5, stressed that
when implementing ORTM lesson plan, I used many
examples from other topics of organic chemistry syllabus
especially in teaching mechanisms part for all kind
of functional groups”. 'This shows that the model
components are not only suitable as reported by
experts during the internal validation but adaptable
for teaching all types of organic reaction mechanisms.
Moreover, expert 2 stated that “....  found it easy to
connect the instructional activities in the five constructs
of the model...”. Expert 1 supported this statement
by reporting that the model components were
related and agreed with each other...” Lastly, Expert
3 noted that “.... the classroom was interactive, I can
say the model is convenient for teaching all categories of
students, the fast, and slow learners....... ”. According
to Nworgu and Oluwuo (2019), one of the good
attributes of a lesson plan is to allow another teacher
to deliver the lesson to the students when their regular
teacher is absent. To attest the quality of ORTM
base lesson plan, expert 3 noted that, “..because of
the logical arrangement of the instructional activities
in the ORTM lesson plan, it can be used by another
teacher to deliver the lesson...” Thus, teaching module
to be developed using the ORTM might to be found
flexible since it can be adapted in teaching all types of
organic reaction mechanisms for different categories
of students and can be transferable to other teachers if
need arises as lamented by the end users after testing
it in the real classroom situation its intended for.

«

. »
reactions. ..

9. Findings on Potentiality of the Model

The potentiality of organic reaction teaching model
was ascertained by measuring the students’ academic
performance. Since the measurement of academic
performance must always be associated with the stated
objectives. Therefore, this section provided data on the
average performance of the students in ORM Academic
Achievement Test administered by the lecturers after
teaching with ORTM lesson plan.

The students’ scripts were marked and assigned
scores from 0 to 100, the average students’ performance
in the test indicates the potentiality of the model in
improving students’ understanding by minimizing
their common errors in ORM. The questions asked
in the ORM Academic Achievement Test was aimed
at answering research question RQ2: What is the
potentiality of ORTM in helping students to minimize
common error in organic reactions mechanisms?
Average performance scores of the students in each
of the five matriculation colleges were calculated as
presented in Table 2.

Table 2: Average Students’ Performances in ORM Achievement
Test.

College Number of % Average
Students Scores

Matriculation College A 08 89.6
Matriculation College B 09 76.9
Matriculation College C 07 88.7
Matriculation College D 10 77.8
Matriculation College E 06 89.2

Total 40 *84.4

*Qverall Average score is 84.4%

From the analysis of the result in Table 2, the model is
found potential in improving students understanding
of ORM with an overall average score of 84.4%.
Thus, teaching with ORTM lesson plan has minimize
students’ common errors as reflected in the students’
scores.

Thus, the results of the external validation of the
ORTM was performed using the procedure described
in the methodology section. Comprising of two main
parts that are, qualitative and quantitative data. The
first part, is a qualitative analysis which presented
findings to answer RQ1. of this study, on how does
the ORTM help lecturers to improve students
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understanding of organic reaction mechanisms? The
last part is a quantitative data which presented the
findings to answer RQ2; what is the potentiality of
ORTM in helping students to minimize common
errors in organic reaction mechanisms. It is, therefore,
agreeable that all lecturers indicate that ORTM is
practicable in teaching organic reaction mechanisms
in their classrooms and it helped in improving their
students’ performance and minimized their errors
when exposed to ORTM lesson plan. This finding
was supported by a quantitative data that revealed
how the newly developed lesson plan using ORTM
is able to improve students’ performance significantly
higher as it minimized their errors in organic reaction
mechanisms.

Conclusion

The practicability and potentiality of ORTM was
determined to establish its external validity that
provided the quality of the model and assurance for
its replication in other settings. The ORTM lesson
plan was found flexible, compatible, and efficient in
practice when implemented in the classrooms of the
five matriculation colleges. Therefore, the model is
both practical and potential in helping both teachers
and their students to achieve their learning objectives
and minimize common errors in organic reactions.

Recommendation

Although the aim of ORTM is to minimize students’
common errors by improving conceptual understanding
among matriculation students in organic reaction
mechanisms, the findings of this study may also serve
as a reference model for developing modules to reduce
errors in other procedural concepts in other science-
related subjects. The study further, suggested the used
of field testing method in validating instructional
model in the field of curricula and instruction.
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