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Received on: The learning outcomes by learners are influenced by several factors, one of which is that

25 January 2022 learners have difficulty understanding the concepts because of misconceptions. The
development of a structured essay diagnostic test of chemistry in reaction rate aims to identify

Revised till: misconceptions and learning barriers, assess learning outcomes that converge a good

02 March 2022 instrument criteria in terms of validity, reliability, difficulty index, and discrimination index.

The research has three stages, namely determining the content, obtaining information about
students' misconceptions, and developing diagnostic tests. The SEDToC instrument was
02 August 2023 validated by 5 validators. The results indicate that the SEDToC instrument is valid and reliable
with an I-CVI value of 1 and Cronbach Alfa value of 0.84. In instrument difficulty index
obtained 30% of questions with easy criteria, 60% medium and 10% difficult question. In
addition, the discrimination index indicated that 10% of questions in the poor category, 20%
sufficient, 40% good, and the rest were categorized as very good.
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ABSTRAK

Hasil belajar peserta didik dipengaruhi oleh beberapa faktor, salah satunya peserta didik
mengalami kesulitan memahami konsep karena miskonsepsi. Pengembangan tes
diagnostik esai terstruktur kimia laju reaksi bertujuan untuk mengidentifikasi
miskonsepsi dan hambatan belajar, menilai hasil belajar yang memenuhi kriteria
instrumen yang baik dari segi validitas, reliabilitas, indeks kesukaran, dan indeks
diskriminasi. Penelitian ini memiliki tiga tahapan yaitu menentukan isi, memperoleh
informasi tentang miskonsepsi siswa, dan mengembangkan tes diagnostik. Instrumen
SEDToC divalidasi oleh 5 validator. Hasil menunjukkan bahwa instrumen SEDToC
valid dan reliabel dengan nilai 1-CVI 1 dan nilai Cronbach Alfa 0,84. Pada indeks
kesukaran instrumen diperoleh 30% soal dengan kriteria mudah, 60% soal sedang dan
10% soal sukar. Selain itu, indeks daya pembeda menunjukkan bahwa 10% soal
termasuk kategori kurang baik, 20% cukup, 40% baik, dan sisanya dikategorikan sangat
baik.
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1. INTRODUCTION

One of the science that involves mastering
concepts is chemistry. Chemical concept can be
formed gradually, one of which is based on the
experiences experienced by students M. Reaction
rate is one of materials that is considered difficult
by student. Reaction rate material is one of the
more abstract chemical concepts, making it more
difficult for students to understand the concept. In
addition, the amount of subject matter that must be
learned and calculations that require a thorough
understanding also effect the understanding of the
concept@ .

Based on the result of the questionaire, it was
found that students had difficulties in
understanding several material concepts of
reaction rates such as factors affecting reaction
rates, determining reaction orders, reaction rate
equations and determining reaction rate constants.
Several studies have also shown result that are
relatively similar to the data above B-71,

The understanding of this concept plays an
important role in the learning process, the
understanding of the concept is an understanding
that the participants have about the existing
concepts® . If students do not understand the
concept based on the concept presented by experts,
it will lead to misconceptions in students which
will cause learning outcomes to be low or not to
reach the KKMP1 | As for students whose scores do
not reach the KKM, they are required to participate
in the remedial programme, which aims to identify
concepts that students have misconceptions about.
The implementation of the remedial programme
can be carried out using various methods
depending on the level of difficulty, namely by
conducting individual tutorials, by giving
assignments or using peer tutors, by implementing
this remedial programme it is hoped that it will be
able to improve student’ learning outcomes% .

Diagnostic tests can be used as a test to see
the level of understanding of studentst!'*? | In
addition, diagnostic tests are also carried out to
assess the level of understanding of concepts in
students before and after learning so that students’
weaknesses towards certain concepts can be
properly overcomel®l However, in reality,
educators in the field do not carry out diagnostic
test, which is caused by several factors such as
requaring a relatively long preparation time,
students’ freedom in choosing answers, which
allows students to answer randomly and the
analysis process is relatively difficulti*4l ,

The results of the distribution of the
questionare to nine high schools (SMA) showed
that educators had carried out an analysis of
learning outcomes. The results will be used as a
reference for the next process. As many as 33,3%
of the educators have carried out an analysis of
learning outcomes based on the acquisition of
points based on the minimum criteria of
completeness (KKM). As many as 33,3% of
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teachers have carried out an analysis of students’
answers, but how the process of analysing
students’ answers is carried out is not clear.
Meanwhile, as many as 11.1% of teachers
compared learning outcomes with the previous
one, in addition, 11.1% of teachers compared
questions based on the level of difficulty and
11.1% gave individual tasks to students. Thus, it
can be said that the analysis process carried out by
the educators was not able to identify the
misconceptions of the students.

Therefore, in order to help educators to carry
out the diagnostic test, an instrument has been
developed in the form of a Structured Essay
Diagnostic Test of Chemistry (SEDToC) on the
subject, which has good response rate in terms of
validity, reliability, difficulty index and
discrimination index, and can measure learning
outcomes, identify misconceptions and materials
that hinder students' understanding. This is
because, SEDToC is a structured essay test starting
from basic material to more complex material and
students' answers are more focused and limited,
therefore with this SEDToC test it can be analysed
on which concepts students experience
misconceptionst®dl

2. METHOD

This research is developmental research or
often referred to as research and development
(R&D)[16]. SEDToC development stages for
reaction rate materials refer to diagnostic test
research developed by researchers where the
development stages are:
1. Define Content

This stage consists of four steps, namely: a)
Identifying propositional statements. This stage
involves an analysis of the basic skills and
supporting concepts in the reaction rate material on
the rate of reaction based on the 2013 curriculum.
b) Developing a concept map. The development of
concept maps is based on the concepts listed in the
propositional knowledge statement. c) Linking
propositional knowledge to concept maps. This
stage is carried out to see if the propositional
knowledge fits with the concept map that has been
created. d) Content validation. Propositional
knowledge and concept maps are validated by
chemists such as high school chemistry lecturers
and teachers.
2. Gathering information about student’

misunderstandings of concepts

The stage of obtaining information about
students’ misunderstanding of concepts is carried
out by distributing questionnaires to high school
chemistry teachers containing a list of questions
related to learning outcomes and topics that are
difficult for students to understand, especially on
reaction rate material.

3. Development of Diagnostic Tests



This stage consists of three steps, namely: a)
Create a Question Grid. The purpose of this step is
to ensure that the developed instrument meets the
criteria for propositional knowledge and concept
maps. b) Development SEDToC. This test was
developed on the topic of reaction rates where the
previous question is a prerequisite for answering
the next question. The questions are arranged
according to a valid concept hierarchy. ¢) Making
Improvements. In this phase, the reliability test, the
difficulty index, validity and out.
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Figure 1. Research Methods

The subjects of this study were 30 students of
Class XI at SMAN 1 Pantai Cermin who had
studied the reaction rate material, 2 chemistry
teachers and 3 chemistry lecturers at FMIPA,
UNP. The object of this research is the Structured
Essay Diagnostic Test of Chemistry (SEDToC) on
reaction rate material.

3. RESULT AND DISCUSSION

3.1. Definition of Content

The first step is to identify the propositional
knowledge statement on reaction rates that refers to the
2013 revised 2018 curriculum. The content for reaction
rates is listed in KD 3.6, namely explaining the factors
that affect reaction rate using collision theory, and KD
3.7, determining the reaction order and rate constants
from experimental data. At this stage concepts related
to reaction rates are obtained, where these concepts
come from source books. In the propositional
knowledge statement table there are concepts, concept
definitions and reaction rate prerequisite concepts. For
reaction rate, the only prerequisite concept is
stoichiometry. There are twelve concepts related to the
matter of reaction rate, namely: reaction rate,
concentration, surface area, catalyst, collision theory,
reaction rate law/equation, reaction order and reaction
rate constant (k). The above concepts are listed in Table
1
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Table 1 Concepts in the Proposition Table

Reaction rate Stoichiometry

1. Reaction rate 1. Molarity
2. Concentration 2. Chemical Reaction
3. Surface area 3. Chemical equation
4. Temperature
5. Catalyst
6. Collision Theory
7. The Law/Equation
of Reaction Rate
8. Order of Reaction
9. 0 order reaction
10. 1st order reactions
11. 2nd order reaction
12. Reaction rate
constant (k).

. Gathering information about students’

misunderstanding of concepts

The next step is to gather information about
the students’ misunderstanding of concepts. This
aims of this stage is to obtain information about
the misunderstanding of concepts experienced by
students. Misunderstanding of this concept occurs
when the understanding of the concept mastered
by students is inversely proportional to the concept
expressed by experts. Misunderstanding of the
concept experienced by students in the reaction
rate material obtained from a literature review and
distribution of questionnaires to nine high school
chemistry teachers in West Sumatra. The results
showed that students had difficulties determining
the order of the reaction and the formula for
determining the reaction rate equation, which is
the determination of the reaction rate constant (k).
Regarding the factors that affect the rate of
reaction, students have misconceptions about the
concept of surface area, the effect of temperature
and catalysts. In addition, the teachers was unable
to identify the causes of the students’
misconceptions through the results of the
interviews conducted [,

3.3. Development of Diagnostic Tests

The activity carried out at this stage is to
create a grid of questions based on the stage of
identifying the misunderstandings of concepts
experienced by the students. The steps carried out
earlier aim to make the SEDToC instrument
include the concepts in propositional knowledge
statements and concept mapsf! . The development
of the SEDToC instrument is based on a grid of
questions, the design of the questions created is in
the form of structured essay questions whose
answers are limited so that the answers to the
previous questions are related to the next ones, the
questions developed total 5 questions where out of
5 questions there are several sub-questions so that
the total number of questions as many as 10
questions. The prepared questions are then
corrected through validity, discriminatory and
reliability, difficulty index tests. The tests are
carried out so that the resulting instrument meets



the criteria for a good instrument 3

3.3.1 Validity and Reliability

The validity of the item is derived from the
results of validation carried out by five validators.
Validation was carried out with a validation sheet
using the Guttman scale for each item with a ‘yes’
and ‘no’ answer. The validation results were then
obtained and analysed using the Content Validity
Index (CV1) approach 18], Validation is performed
only once, as all items ware declared valid by the
validator with the acquisition of S-CVI = 1.
Suggestions and input obtained from the validator
include the use of language and conjunctions in the
questions and writing the correct chemical
reactions. An instrument can be said to be valid if
80% of the validators agree or the I-CVI value
obtained is 0.8 (17191,

Reliability is a measure of a test’s ability to
remain consistent after repeated administration.
The reliability test in this test refers to the
Cronbach Alpha formula, because the questions
developed are in the form of essay questions
(description), the reliability value obtained is more
than 0.6 with high criteria. When testing the
reliability of this test, the results obtained were
0.84 [*21 | Therefore, it can be concluded that the
developed SEDToC instrument for the reaction
rate material developed has a high reliability value
1121 "'In order to obtain the Cronbach Alpha value,
the formula is used:

Keterangan :

ro = Reliabilitas Cronbach Alpha
k = Banyak soal esai

¥, 0,2 = Jumlah varians skor tiap item

0,2 = Varians skor total

3.3.2 Difficulty Index and Discrimination Index

The level of difficulty of the questions can be
seen from the results of the students' answers to
the questions made. Questions can be categorised
as good if the questions are in the easy to difficult
range 211 . Based on the results of the analysis of
the difficulty index of the SEDToC instrument for
the reaction rate material, it was found that 30% of
the questions were included in the easy category,
especially in the molarity sub-material. Factors
that affect the rate of reaction include the influence
of concentration, surface area, temperature and the
10% difficult category in the sub-material under
the influence of the catalyst.

Analysis of the discrimination index of the
items obtained as much as 10% of the items in the
poor category and 20% of the items in the
sufficient category in the sub-material of molarity
determination, 40% in the good category in the

050

Edukimia - 2023 - Vol. 5, No. 2

sub-material of factors affecting the rate of
reaction and 30% in the very good category in the
sub-material for determining the order of the
reaction, the reaction rate equation and the
determination of the reaction rate constant (k).
10% of the item items in the poor category are
prerequisite questions that students have ideally
understood, these items can be retained because
the cause of these items is classified as poor
because students make errors in the calculation
process. There are 4 items on the sub material
factors affecting the rate of reaction, 3 items on the
sub-material molarity, 1 item on determining the
order of the reaction, 1 question on the equation of
the rate of reaction and 1 question is on
determining the rate constant of the reaction.

4, CONCLUSSION

The conclusion from the research results is
that the developed SEDToC instrument is valid.
With a reliability of 0.84. Difficulty index of 30%
questions at easy level, 60% questions at medium
level and 10% questions at difficult level. While
the discrimination index of 10% is classified as
poor, 20% is classified as sufficient, 40% is
classified as good and 30% is classified as very
good. The discrimination index of the questions
classified as poor can be maintained because they
are classified as prerequisite concepts, this is
because students make errors in calculations.
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