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Abstract: Development of Four-tier Diagnostic Test Instrument to Identify Students'
Mental Models on Salt Hydrolysis Materials. Mental models are concepts of thought that
represent ideas used to describe and explain a phenomenon. Mental models are important to
know so that teachers can find out the level of understanding, difficulties and misconceptions
experienced by students. Diagnostic test instrument is one of the instruments that can be used to
determine the mental model of students. Therefore, this study aims to develop a four-tier
diagnostic test instrument to determine the mental model of students on salt hydrolysis material.
This type of research is Research and Development (R&D) research using the Treagust
development model. Based on the results of logical validity analysis obtained that the average
value of Aiken's V is 0.87 valid category. Based on the results of the question trial, it was found
that the results of the empirical validity analysis in the first-tier and third-tier there were several
questions classified as valid with a total of 18 questions and 16 questions respectively. The
reliability value in the first-tier and third-tier is 0.78 and 0.75 respectively with a high category.
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Abstrak: Pengembangan Instrumen Tes Diagnostik Four-Tier Untuk Mengidentifikasi
Model Mental Peserta Didik pada Materi Hidrolisis Garam. Model mental merupakan konsep
pemikiran yang mewakili ide-ide digunakan untuk menggambarkan dan menjelaskan suatu
fenomena. Model mental penting untuk diketahui agar guru dapat mengetahui tingkat
pemahaman, kesulitan dan miskonsepsi yang dialami oleh peserta didik. Instrumen tes
diagnostik merupakan salah satu instrumen yang dapat digunakan untuk mengetahui model
mental peserta didik. Oleh sebab itu, penelitian ini bertujuan untuk mengembangkan instrumen
tes diagnostik four-tier untuk mengetahui model mental peserta didik pada materi hidrolisis
garam. Jenis penelitian ini adalah penelitian Research and Development (R&D) dengan
menggunakan model pengembangan Treagust. Berdasarkan hasil analisis validitas logis
diperoleh bahwa nilai rata-rata Aiken’s V sebesar 0.87 kategori valid. Berdasarkan hasil uji
coba soal diperoleh bahwa hasil analisis validitas empiris pada first-tier dan third-tier terdapat
beberapa soal tergolong valid dengan jumlah 18 soal dan 16 soal berturut-turut. Nilai
reliabilitas pada first-tier dan third-tier sebesar 0,78 dan 0,75 berturut-turut dengan kategori

tinggi.

Kata kunci: Diagnostic Test, Mental Model’s, Four- Tier Multiple Choice, Hydrolysis of Salts
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= INTRODUCTION

Chemistry is the study of matter, its properties, and changes in matter and energy
associated with these changes (Silberbeg, 2010). The concepts in chemistry are mostly
abstract (Dolok Putra, 2021). One of the abstract chemical materials is salt hydrolysis
material. Abstract chemical concepts will be easier to understand by involving three
levels of chemical representations, namely macroscopic, submicroscopic and symbolic
representations (Sagita et al., 2018), (Yani et al., 2019), (Rachmawati et al., 2021),
(Utari & Azra, 2022), (Adawiyah & Azra, 2022). Learning by applying chemical
multirepresentations provides facilities for meaningful or in-depth learning to occur
(Sagita et al., 2017), and is able to improve understanding of chemical concepts and
chemical problem solving (Sari & Helsy, 2018). When students are able to connect the
three levels of chemical representation, it will encourage the formation of students'
mental models so that their understanding becomes intact (Sunyono, 2015)

Mental models are concepts contained in the minds of learners that represent ideas
and are used to describe and explain a phenomenon (Jansoon et al., 2009). Learners'
understanding of the three levels of chemical representation is reflected as a mental
model owned by the learners. The relationship between the three levels of chemical
representation can be well understood using visualization methods such as diagrams,
pictures and models that illustrate chemical concepts. If students are trained to be able
to understand the three levels of chemical representation, then students will often
transfer knowledge through the three levels of chemical representation so that they can
store knowledge into long-term memory. The connection can be seen in Figure 1 below.

---»  Visualization methods

O Reality

level . .
O Representation of the reality

_,"'Symbolic

Figure 1. The Connection of The Three Chemical Representations with Mental Models
(Devetak et al., 2009)

It is important for teachers to know the mental models of students because it can
provide information about the concepts that students already have (Murni et al., 2019),
knowing the level of understanding and difficulties experienced by students so that
teachers can choose the right strategies, methods and media to use in the learning
process (Darmiyanti et al., 2017), (Devi & Azra, 2023). The mental model of students
can be known one of them by using diagnostic tests. One type of diagnostic test that
can be used is a multiple-choice diagnostic test, either one-tier, two-tier, three-tier, or
four-tier (Kania et al., 2020)

The one-tier multiple choice diagnostic test is the simplest multiple choice test,
which consists of several answer choices without reasons. However, this test has
limitations, namely the teacher cannot know the reason students choose the answer,
whether because they already understand or just guess and happen to guess right
(Rusilowati, 2015). According to Fitriani & Putra (2021) a two-tier multiple choice
diagnostic test consists of answer choices at the first level and there are several choices
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of reasons at the second level. Although in this test the teacher already knows the reason
students choose the answer, the teacher cannot yet know the students' confidence in the
answer choices and reasons given by the students. If learners choose the answers and
reasons correctly, but their beliefs are not known then the teacher cannot describe the
level of understanding of the learners well (whether the learners really understand,
misconceptions or do not understand at all). The four-tier diagnostic test is a diagnostic
test that has the addition of the level of confidence of students in choosing answers and
reasons for each, making it easier for teachers to identify the level of students'
understanding of chemical concepts. When knowing the reason for the correct answer
and being confident that the answer choices and reasons given are correct, it means that
the learner has fully understood (has a scientific-model mental model). Based on this,
Kania et al., (2020) have developed a four-tier diagnostic test to identify students'
mental models, but at this time the four-tier diagnostic test based on chemical
multirepresentation by applying the independent curriculum on salt hydrolysis material
is still very limited.

It is also emphasized based on the results of interviews that have been conducted
with several high school chemistry teachers in Padang City, stating that the evaluation
questions used by teachers still use one-tier multiple choice questions and apply little
chemical multirepresentation, especially in salt hydrolysis material, based on the
description above, it is worth to develop a four-tier diagnostic test to identify students'
mental models on salt hydrolysis material.

= METHOD

This type of research is a development research or Research and Development
(R&D) using the development model that has been developed by Treagust (1988)This
development model involves three stages, namely as follows
Determine the Content

At this stage there are four steps carried out, namely a) defining propositional
knowledge statements carried out by analyzing learning outcomes and learning
objectives adapted to the independent curriculum on salt hydrolysis material; b)
developing concept maps; c¢) linking propositional statements with concept maps; d)
conducting content validation of propositional statements and concept maps by experts.

Obtaining Information about Students' Mental Models

At this stage there are two steps taken, namely a) conducting interviews with
teachers regarding the mental models of students; b) conducting a literature study
review regarding the mental models of students on salt hydrolysis material

Developing Diagnostic Test Instruments

In this stage there are three steps carried out, namely a) developing a four-tier
diagnostic test instrument; b) designing a specific grid of diagnostic test instruments; c)
further refinement stage where qualitative analysis is carried out to see the logical
validation of the instrument that has been developed while quantitative analysis by
conducting a small-scale trial conducted on 34 students at SMAN 7 Padang to see
empirical validity, test reliability, difficulty index, question differentiation and distractor
function.

The subjects of this research are students who have studied salt hydrolysis
material, chemistry teachers, and chemistry lecturers FMIPA UNP while the object of
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this research is a four-tier diagnostic test instrument to identify students' mental models
on salt hydrolysis material

= RESULT AND DISCUSSION

This research uses a development model that has been developed by Treagust
(1988), using three stages found in the figure 2 below

identify propositional
[ Determine the Content }—" ¥ prop
statements

[ develop a concept map

Relating propositional
statements to the concept map

y

Obtaining Information about Students' Mental examining related literature ]
Models v
{ conducting interviews with teachers }
v
developing multiple choice content items with
free response
v
Developing Diagnostic Test developing the four tier diagnostic test ]
Instruments v
[ designing specific grids ]

{ Continuing refinement ]

Figure 2. Treagust Development Model (1988)

Determine the Content

Based on the analysis that has been carried out on learning outcomes and learning
objectives adjusted to the independent curriculum, there are several prerequisite
materials on salt hydrolysis material, namely chemical reactions, the concept of moles,
chemical equilibrium and acids and bases. The results of the concept analysis and
concept definition of salt hydrolysis along with the prerequisite material are loaded into
a table of propositional statements. Propositional statements and concept maps will be
connected to ensure that the concept map already contains the concepts contained in the
propositional statement so that the diagnostic test instrument that has been developed is
consistent and in accordance with the independent curriculum.

Furthermore, the propositional statements and concept maps that have been
designed are validated by three chemistry lecturers FMIPA UNP and two high school
chemistry teachers. Validation was carried out by filling out a validation questionnaire.
This questionnaire has nine questions that have a relationship to the suitability of CP
and TP, the suitability of facts/concepts/principles based on chemical science, and can
help students in completing mental model diagnostic tests. The validation data were
analyzed using Aiken's formula. and obtained an average value of Aiken's V index of
0.83, which indicates that the propositional statements and concept maps developed
have been valid which is in accordance with Aiken's opinion (1985) which states that an
instrument is considered valid when validated by five validators with a rating scale of
five then the validity value is > 0.8.
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Obtaining Information about Students’ Mental Models

According to the results of the literature review, it was found that students had
difficulty in salt hydrolysis material, namely difficulty identifying changes in the color
of red litmus and blue litmus indicators in several salt solutions by 46.72%,
understanding the explanation of ion equilibrium in salt solutions by 45.83%,
concluding the acid-base properties of a salt solution, 37.83% and determining the pH
of a salt solution, each of which was 49.67%, this is because students do not understand
the submicroscopic representation that is pressed in the problem so that students are less
able to distinguish the properties and types of salt solutions (Isnaini et al., 2022). Based
on the results of interviews with several high school chemistry teachers, students still
have difficulty in distinguishing strong acids, weak acids, strong bases and weak bases.
Students also have difficulty in problems related to calculations and applying
stoichiometry in determining the pH of salt hydrolysis solutions.

Obtaining Information about Students' Mental Models

The four-tier diagnostic test instrument is a type of test instrument developed in
this study. Where this instrument has been developed based on a grid of questions that
have been designed and already contain multirepresentation of chemistry. The questions
developed consisted of 25 items of 4-level multiple choice questions. The first level
contains questions with five answer choices, the second level contains confidence in the
answer choices, the third level contains reasons for the answer choices, while the fourth
level contains confidence in the choice of reasons. One of the questions designed can be
seen in Figure 3 below
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Apakah anda yakin dengan jawaban yang anda berikan?
A. Yakin
B. Tidak yakin
Alasan berikut yang mendukung jawaban yang anda berikan ?
A. NH4" berasal dari asam kuat dan CN" dari asam kuat tidak dapat bereaksi dengan air
B. NH," berasal dari asam lemah dan SO4*dari asam kuat tidak dapat bereaksi dengan
air
Na' berasal dari asam lemah dan CI" dari asam kuat tidak dapat bereaksi dengan air
Na'* berasal dari basa kuat dan Cl- dari asam kuat tidak dapat bereaksi dengan air
K" berasal dari basa kuat dan CN- dari asam kuat tidak dapat bereaksi dengan air

mo o

Apakah anda yakin dengan alasan yang anda berikan?
A. Yakin
B. Tidak yakin
Figure 3. Sample Questions of Four-Tier Diagnostic Test Instrument on Salt Hydrolysis
Material

Furthermore, continuing refinement is carried out where the questions that have
been designed are logical validation by experts and trial is carried out on student to see
the empirical validation, reliability value, difficulty index, discriminating power, and
distractor function.

a. Validity and Reliability

The validity carried out consists of two types of validity, namely logical validity
and empirical validity. Logical validity can be achieved if the instrument is designed
following existing theories and provisions. There are two kinds of logical validity,
namely content validity and construct validity. The content validity of a test instrument
describes a condition of an instrument designed based on existing content, while
construct validity describes the condition of an instrument designed in accordance with
the constructs on devices that form cognitive aspects such as knowledge and
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understanding (Arikunto, 2016). Logical validity was obtained through validation
results with five validators consisting of three lecturers and two high school chemistry
teachers. The three aspects assessed include content suitability, presentation (construct),
and language. To determine the logical validity, the analysis was carried out using
Aiken's V formula:

T l s
V= e =Dl s=r— 1,
Information :
V :validity index
S ‘r—1lo
lo : the lowest score in the scoring category
r : score given by rater
n - many raters (validators)
c : number of categories in the assessment

The criteria for logical validity research using Aiken's V scale are grouped in table

1 below.
Table 1. Validity Category
| Aiken’s V Scale | Validity
V >0.80 Valid
V <0.80 Invalid
(Aiken, 1985)

This logical validation was carried out twice, because there were several invalid
items with validity values <0.8. This is due to the absence of macroscopic and
submicroscopic images on the question of calculating the pH of salt hydrolysis solution,
the existence of illogical reasoning choices with answer choices and the question of
macroscopic representation that does not match the symbolic representation. After
making improvements according to the suggestions given by the validator, the second
validation was carried out. After the second validation of all the items that have been
developed and then data processing is carried out on the results of the logical validation,
the average Aiken's V value is 0.87 after revision which can be seen in Figure 4 below.

0.875
0.870
o 0.865
=]
c
5 0.860 0.872
< 0.855
0.857
0.850
0.845 — : —
Content Presentation Language
Suitability Suitability Suitability
(Construct)
Test Instrument Items

Figure 4. Graph of Average Logical Validity After Revision
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The next stage, empirical validity was obtained by conducting a four-tier
diagnostic test instrument trial on 34 students of SMAN 7 Padang who had studied salt
hydrolysis material. Empirical validity was analyzed using the biserial correlation
validity test. Based on the results of data processing, it was found that in the first-tier 18
questions with valid categories and 7 questions with invalid categories while in the
third-tier 16 questions with valid categories and 9 questions with invalid categories.
Question number 8 is one of the questions in the first-tier and third-tier including the
valid category with a validity value of 0.42 and 0.79 respectively. This shows that the
information obtained from a test represents the actual understanding of students
(Habiddin & Page, 2019). The following is a recap of empirical validity in the first-tier
in table 2 and third-tier in table 3.

Table 2. Empirical Validity of the First-tier
Question Number Category
1,2,3,56,7,8,9,11,12, 14, valid
15,17, 18, 21, 22, 23, 25
4,10, 13, 16, 19, 20, 24 Invalid

Table 3. Empirical Validity of the Third-tier
Question Number Category
1,3,5,7,8,9,11, 14, 15, 17, valid
18, 19, 21, 22, 23, 25
2,4,6,10,12,13,16,20,24 Invalid

The reliability test was carried out using the KR-20 technique, the reliability value
of the four-tier diagnostic test instrument was 0.78 with a high category in the first-tier
while in the third-tier it was 0.75 with a high category. A test is declared reliable if
repeated data collection on the same subject will produce consistent data (Arikunto,
2016).

b. Index of Difficulty, Discriminating Power, and Distractor Function

To find out the level of difficulty of the question, the question difficulty index test
is the existence of a question item whether it is considered difficult, moderate or easy to
work on (Sundayana, 2018). Based on the results of the analysis of the difficulty index
in the first-tier, it was found that 13 questions in the medium category and 12 questions
in the difficult category, one of which was with the lowest difficulty index of 0.09 found
in question number 10, this is evidenced that only three students were able to answer the
question correctly but the three students were not able to answer with the correct
reasoning which means that students are only able to use content reasoning, but have
not been able to use conceptual reasoning properly (Habiddin & Page, 2019). while in
the third-tier it was found that 12 questions were in the medium category and 13
questions in the difficult category. The following is a recap of the difficulty index in the
first-tier in table 4 and the third-tier in table 5.

Table 4. Difficulty Index of the First-Tier
Question Number Category
1,5, 8,11, 12, 15, 16, 20, 21, 22,
23, 24, 25

Medium
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2,3,4,6,7,9, 10, 13, 14, 17, 18, Difficult
19

Table 5. Difficulty Index of the Third-Tier
Question Number Category

1,2,4,5,8,9, 12, 14, 15, 18, 21, .
23 Medium

3,6,7,10, 11, 13, 16, 17, 19, 20, e
22 24. 25 Difficult

Discriminating power is the ability of a question to be able to distinguish between
students with high abilities and those with low abilities (Sundayana, 2018). The
differentiating power of questions is categorized into four categories, namely poor,
medium, good, very good. Based on the results of the analysis of the discriminating
power, one of the questions that is included in the good category in the first-tier is
question number 1, while the question that is included in the good category in their-tier
is question number 5. This states that the question is able to distinguish between high-
ability and low-ability students. Unlike the case with question numbers whose
distinguishing power is negative in the first-tier and third-tier, it shows that the question
has not been able to distinguish between students with high abilities and those with low
abilities. The following is a recap of the discriminating power in the first-tier in table 6
and the third-tier in table 7.

Table 6. Discriminating Powers in the First-tier

Question Number Category
4,10, 13, 16, 19, 20, 24 Poor
2,3,5,6,8,9,11,12,14,17,21, 23 Sufficient
1,7,10, 15,18, 22, 25 Good
Table 7. Discriminating Powers in the Third-tier
Question Number Category
2,4,6,10,13, 16, 20, 24 Poor
1,3,7,12,15,21, 22,25 Sufficient
5,8,9,11, 14,17, 18, 19, 23 Good

The function of the distractor on each item is so that of the many students who
take the test there are those who are interested in choosing it because they think the
choice is the correct answer. Distractors are said to be good if they can carry out their
function well, if the distractor has good attractiveness and is chosen by at least 5% of all
students who take the test (Sudiyono, 2005). Based on the results of the analysis of
distractors in the first-tier and third-tier on each item, it functions well, this is because in
each item more than 5% of students choose answers other than the answer key.

= CONCLUSION

The study's findings indicate that the four-tier diagnostic test for assessing
students' mental models on salt hydrolysis material is valid, as evidenced by an average
Aiken's V index value of 0.87. Based on the results of the trial of the four-tier diagnostic
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test instrument questions to students, it was found that the empirical validity value in the
first-tier and third-tier there were several questions classified as valid with a total of 18
questions and 16 questions respectively. The reliability value in the first-tier and third-
tier is 0.78 and 0.75 respectively with a high category. Analysis of the index of
difficulty in the first-tier obtained that 13 questions in the medium category and 12
questions in the difficult category, while in the third-tier obtained that 12 questions in
the medium category and 13 questions in the difficult category. Analysis of the
discriminating power found that in the first-tier there were 7 questions with poor
categories, 12 questions with sufficient categories and 6 questions with good categories,
while in the third-tier there were 8 questions with poor categories, 8 questions with
sufficient categories and 9 questions with good categories. Furthermore, the distractors
on all items can function properly.
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