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ABSTRACT

The study aimed to analyze the content validation of the STEM-integrated on thermal and transport concept inventory
instrument used to measure the problem-solving abilities of high school students. The instrument questions developed
amounted to nine description questions. This type of study is development research. The steps in this research are define,
design, development, and dissemination. However, in this study, it was limited to the design stage (expert validation).
Furthermore, the instrument was assessed qualitatively and quantitatively by a validator consisting of three experts and
five users. Assessment aspects include material, language, and construction. The qualitative data collected was analyzed
qualitatively, and the quantitative data were analyzed using the Content Validity Ratio (CVR). The results showed that
nine items had a CVR value exceeding 0.75, which meant that all items had valid criteria for content validity. The CVR
value obtained is between 0.88 and 0.96, which means that the instrument has high criterion validity.
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INTRODUCTION

Assessment is an essential thing that happens in the world of
education. Because assessment is the key to a teachers success
in helping students succeed in learning (Sukenti dkk, 2020).
Adeleke & Joshua 2015 stated that test results serve as
guidelines in analyzing failures, evaluating learning outcomes,
evaluating curriculum, and providing motivation to students to
learn. The existence of an assessment carried out by the teacher
will motivate students to study more diligently and achieve
good learning outcomes (Mabhirah, 2017).

Leaned assessment instruments play an essential role in
improving teaching and curriculum (Laverty & Caballero,
2018). Bashoori & Supahar 2018 also said that the quality of
learning can be increased by improving the assessment in
measuring student learning outcomes. ldeally, assessments are
carried out using principles, procedures, and instruments and
paying attention to certain steps by considering time, place, and
other factors (Herni et al, 2018). There-fore the teacher must
consider the right test to measure the student's ability. Various
types of tests in the assessment include multiple-choice, short-
answer, and essay tests (Subali, 2016)). The description text
uses to develop reasoning in solving student problems
(Munadi, 2018).

A concept inventory is an assessment-based survey
designed to test students understanding of specific physics
concepts (Madsen, Mckagan, & Sayre, 2017). Conceptual
understanding is the main content that students need to learn
physics (Basin, Madrala, Wasik, & Matoszewski, 2017;
Burkholder, Walsh, & Holmes, 2020; Kurniawati, Hartanto, &
Zamzaili, 2017). Widodo (2006) stated that the right initial step
in learning physics is to understand the concept first (Zhang &
Zhang, 2018; Zheng et al., 2021). Understanding concepts is a
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prerequisite for success in the study of physics as physics is not
a subject to be memorized but requires reasoning and
conceptual understanding (Linawati, 2018). Possessed students
can achieve student success in learning physics (Puspitasari et
al., 2021). However, student’s conceptual understanding is still
low and they are used to memorizing and memorizing formulas
rather than understanding materials (Capriconia, 2022).

STEM education is an interdisciplinary approach that
combines independent knowledge to enable students to solve
real problems (Le et al, 2021). STEM education is believed to
equip students with transdisciplinary knowledge and skills to
deal with problems that occur in everyday life, including
complex societies in the future (Le et al, 2021). However, there
are still teachers who face many problems in implementing
STEM education (Lee et al, 2019; Margot & Kettler, 2019; Ryu
etal., 2019).
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Problem-solving skills are a problem that is highlighted
in student learning as a fundamental part of learning science in
schools (Tong, Loc, Uyen, & Truc, 2020). Student's ability to
understand can be seen from the test results in solving problems
(Meiliani et al., 2021; Sulman et al., 2020; Zb et al., 2020), one
of them is learning physics (Rozal et al., 2021; Sulman Sutopo,
etal., 2021; Zb, Novalian, Ananda, et al., 2021). As it is known
that physics is an empirical science, so when solving problems
in physics, students must first understand the concept of the
material under study. Students need to develop their thinking
skills, not just memorize the lessons (Zb et al., 2020), but
students must understand the concepts. They can solve
problems and find solutions to problems. Jua, Sarwanto, &
Sukarmin (2018) The percentage of students problem-solving
skills based on the test shows that 52.93% indicators are
different. These results show that students problem-solving
abilities are in the lower category. It is in line with Azizah et al
(2016) that the problem-solving abilities of students in
Indonesia in learning physics are categorized as low. When
students are low in solving problems, they may not understand
the particular material being discussed (Batlolona, Baskar,
Kurnaz, & Leasa, 2018).

The use of a good assessment instrument will produce
good data. Based on the needs analysis that has been done,
assessing students' problem abilities is very difficult and must
be done objectively. Therefore, the instrument used must be
able to measure accurately (Kurniawan et al, 2018). The right
instrument will minimize measurement errors (Sinaga, 2016).
Whether the test instrument is good or not is determined by its
validity and reliability (Dewi & Sudaryanto, 2020). The
validity of a good instrument by the Ministry of National
Education (2017) according to the four aspects, namely; 1)
material aspect, 2) construction aspect, 3) language aspect, and
4) higher order thinking ability aspect.

Jati & Aprilia (2019) shows that all teachers participated
in socialization and training to develop test tools. However, in
reality, there are teachers for various reasons in a school who
have not been able to prepare assessment instruments properly
and correctly (Husin, 2020). The survey results conducted with
high school physics teachers showed that teachers rarely
reviewed the final exam questions (Kaleka, 2016). Assessment
of concept inventory ratings have not been tested for validity
and reliability in most physical studies so the use of teacher-
created instruments is unknown (Sukarmin, 2021). Some
teachers only take the questions in the textbook and never do a
qualitative review (Hamid, 2017). Even from the results of
questionnaires and interviews, the assessment instruments
made by the teacher did not assess the understanding of a
material as a whole. The most common reason is that the
teacher has difficulty sharing time in delivering material and
conducting assessments (Sutama, S., Sandy, G. A., & Fuad,
2017).

Based on the information presented above, the Thermal
and Transport Concept Inventory assessment instrument
integrated with STEM to test problem-solving abilities needs
to be analyzed for validity. The purpose of this study was to
analyze the content validity of the scale. This study is to
produce results that can be used as a basis for content validity
in developing a STEM-integrated concept inventory
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assessment instrument to measure problem-solving abilities.

Previous research on the content validity of the inventory
concept only focused on quantitative analysis (Fatih, 2018;
Mchrnaz, 2019; Zohre, 2017) while research on Rukman
(2018) only focused on qualitative analysis. So, the novelty of
this research is to analyze the validity of the contents of the
inventory concept instrument using quantitative and qualitative
analysis accompanied by pictures and data tables.

MEeTHOD

Research Design

The type of research used is the development of a thermal and
transport concept inventory (TTCI) assessment integrated stem
to measure student’s problem-solving skills. This research used
a type of research and development (R&D) based on
Thiagarajan & Semmel (Eny et al, 2021).

The development flow is shown in Figure 1

Development

2

Dissemination

Figure 1: Development Flow
The research steps are described in the following steps :

Define

The study steps are described as follows. The definition stage
begins with conducting a needs analysis by distributing
questionnaires to 40 physics teachers in Indonesia and
conducting interviews with ten physics teachers. Besides that,
they also look for study material from instrument development
study references.

Design

The needs analysis and study materials are developed up to the
design stage. Data explained the development of an integrated
STEM concept inventory assessment instrument on Thermal
and Transport material to measure the problem-solving
abilities of high school students. In designing a product, the
steps taken are to determine core competencies, basic
competencies, indicators of problem-solving abilities,
indicators of concept inventory, indicators of questions, and
assessment guidelines. The initial product design was
evaluated by three experts and five users. After evaluation, the
revisions were made based on the suggestions given.
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Development

At the product assessment stage, trials were carried out in
schools. The trials carried out included small-scale trials, large-
scale trials, and operational trials.

Dissemination

The final stage is dissemination. the dissemination stage was
carried out to obtain the teacher's response to the developed
instrument. This response aims to measure the practicality of
the instrument.

However, it was limited only to the design stage in the
validation section.

Population and Sample/ Study Group/Participants

The needs analysis was carried out by 40 physics teachers in
Indonesia, while the validation was by three experts and five
users, namely high school physics teachers. It is recommended
to have a minimum of six experts to get a loose CVR value
(Hendryadi , 2017), but it is not recommended that experts rate
more than ten (Puspitasari, 2021).

Data Collection Tools

Data validation results are qualitative data and quantitative
data. Qualitative data were obtained from the validator's
comments and suggestions for improving the products.
Qualitative assessment of the validator makes improvements to
produce a good quality instrument. Quantitative data is in the
form of each validator's assessment score on product quality in
terms of material, construction, and language.

Data Collection

Techniques for collecting data about subjects and
measurements  are  questionnaires and  suggestion
guestionnaires. the questionnaire is an instrument research that
contains questions and will be answered by respondent
(Sugiyono, 2014). The questionnaire used in this study has
closed. The reason for using a closed questionnaire is that the
researcher determines the statement answers, and the
respondents choose their answers according to their actual
opinions and circumstances. The dissemination technique in
this study was carried out in two ways, namely offline and
online through the google form platform.

Aspects of assessing the quality of the instrument can be seen
in the following table:

Table 1: Aspect and Items

Aspect Items

Questions according to indicators of problem-solving ability
The questions are following the concept of inventory indicators

Material

The questions contain the concepts of physics material that represent the ability to solve problems

Contains clear instructions about the procedure for working on the questions
The questions presented are in the field of high school physics
The sentences used in the questions are Indonesian according to the EYD

Language

The language used is communicative

The sentences used are easy to understand
The sentence used does not have a double meaning

Statements encourage students to problem-solving skills

Construction Keep the topic statement concise

The main questions are free from statements that have multiple meanings

The scoring criteria for each question are shown in the table below.

Table 2: Rating Scale

Symbol Scale Descriptor

TR 1 The items are completely irrelevant to the material, construction, and language
aspects

KR 2 The items are less relevant to the material, construction, and language aspects

R 3 The items are relevant to the material, construction, and language aspects and are
very relevant

SR 4 The items are very relevant to the material, construction, and language aspects

Data Analysis

The values obtained from each validator were analyzed using
Aiken's formula (Aiken, 1980) calculations to determine the
validity value of each item.

S
V= (n(c-1)

With, S = Y ni (r — ly)
The minimum CVR value according to Lawshe (1975) is
presented in table 3 below

Table 3: minimum value CVR (Lawshe, 1975)

Number of rater

Minimum value

5
6
7
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8

0.75

The validity of an assessment is determined by accepted standards for the interpretation of the assessment. The interpretation of
the Aikens V formula is between 0 and 1 based on expert judgment (Sihole 2015). Standard verification see Table 4 below

Table 4: Validation criteria

Validation results

Validation Criteria

08<V <1
04<V <08
V<04

High
Medium
Low

(Susangko, 2010)

FINDINGS

The content validity of the Thermal and Transport Concept
Inventory assessment instrument was carried out by eight
validators, namely three expert validators, and five user
validators for 1) relevance of the item items to Thermal and
Transport material, 2) evaluated for classification including
relevance, 3 ) the relevance of the items to the concept
inventory, 4) standardization of the language used, 5)
functional descriptions and pictures.

Goodwin and Leech (2003) The meaning of the content test is
based on the logical analysis and expert evaluation of the

measurement content such as items question types and
sentences. Lynn (1986) states that the minimum number of
experts used for expert verification is 3 and the maximum is 10.

The assessment process is conducted qualitatively and
quantitatively using questionnaires that include core
competencies indicators of conceptual items indicators of
problem-solving level of awareness form of the item discussion
questions evaluation and suggestions for improvement. The
above sections are summarized in the questionnaire shown in
Figure 2 below.

PEMBAHASAN

2 Denmasalahan yane wuncw). adalab vel keveta, api
yang memhenakok akibat cuaca yang panas,

b Hal tersebut  diakobatban olsh el yamg
DAbA

c. Cara menzatasinys. adelah. denean pemberian
celah pada saat pemasavgan rel baceta api

d. Kesimpalan dary penmasalahan farsabyt adalsh
bl osrwpabian. salzh saiw banda padat yang dhan,
panas Saat memal besi pada rel berata am han.
semmasalabian. tarselnd waks memasangan vl

KARTU SOAL URAIAN
Toenfias BUTIR SOAL
Tenie - SMA —
Kelas 5l Eondish chaca yane panas. dapel bermevearsh pada gl
- Erli .- . .
o EAmF |\ e ol ol bush al vee meml
T e ERET welenekmg tedadi. di Dovenz. Siceara. seperth sambar
i [5 | | oot mniads s2lah s Bl yane baons dinarhaian oleh
onemrn | R | opertor ata g
INVENTORY
Crosscutting Cé
COnCeEnt
INDIKATOR S0AL
Dlenishackan penyshah el barera,
gl ekl
SARAN PEREATEAN
2 Bedaarkan mformest di b, nemmasalaban ame
yang temadh
b Wenaan nemmaselabin tersehint dapat feEadin
o Bazamwans seavd vanz  dilakwkan  uatek
menzhindan permazalahan tersebut?
d. Kesimpulan 3p; yang danat diambil hendasankan
Bemmasalahan. farabont
VALIDASI
TR KR R SR

Figure 2: Sample Question Card Format

Qualitative assessment is carried out by providing a note of
advice on the item items available on the question card. Notes
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and suggestions can be seen in the following table:

Pegem Journal of Education and Instruction, ISSN 2146-0655



Content Validity by Experts Judgment Thermal and Transport Concept Inventory (TTCI) Assessment Integrated STEM to Measure

Student’s Problem-Solving Skills

Table 5: Expert Advice and Comments

No. Suggestion First Picture Image after repair
1 COITe ct the 1. | Ramadhan adalah bulan penuh berkah. Keseruan Ramadhan sangat ter: 1 Lina berada di sebuah ruangan yang di dalamnya terdapat kursi. Saat
t- ketika menyiapkan menu untuk berbuka puasa. Menu berbuka put bagian alumunium di pegang, Lina merasa dingin, namun saat bagian
ques anS disajikan sayur asem, tempe, dan ayam. Adapun minumanya terdiri dari kayenyl dipegang, Linn ek metasskan disipln sepertl pada gambar
acco rd | ng to the teh dan Teh panas sebagaimana diperlihatkan pada gambar di bawah. dibawah ini.
question {eh untuk Dita dan adiknya sedangkan teh panas untuk ibu dan ayah. D
. . tuk iapk: inumanya.
in d ICEltO rs bertugas untuk menyiapkan minumany:
7 o :
EsTeh Teh Panas ) MEES : bagian kayu
bu' - N i ; Lina merasa heran, karena kursi tersebut berada dalam ruangan dengan
s ® \§ Dita merasa kepanasan saat memegang teh panas .an saat memegang subu yang same, Lina kemudian s o dii
i \\ teh, ia merasa dingin. suhu kedua bahan tersebut. Temyata, suhu yang ditunjukkan oleh
l 7| Pertanyaan : thermogun tersebut sama.
Vo ‘V—uo é)Tuliskxn permasalahan yang dialami Dita ! a. Permasalahan apa yang sedang dihadapi Lina?
4 levom Shg| B Apa penycbab Dita mengalami permasalahn tersebu? Gelask b. Mengapa hal itu bisa terjadi?
W § secara konsep fisika) !
2. Fix pictures and ’ . \—r = :
. Unit Tayaran Pelasggan (ULP) PLN Srigen senerunkan i uemk
stOI’Ies on the memperbaiki kabsl yang terputes di simpang emper Bangek, kekiratan ry l " —
probl em Sine, Srages pada Rabw, 6 Okiober 2021 sebagaisuans diperlibarkan poda [ Petugas PLN sedang mempertiuiki kabel ik yomg terpures poda malam
gamisar di bawak. ’Iunuomi gambar di bawah i
Garsber 3. Mesperbaiki Kabel Patus Memperbads Kabel Putus
jurnge benegangan 220 Vol terscbut puts dan didugs Putusnys kabel listrik lebih secing tegjadi pada malam hari daripada siang
l-m:cumn wearmg petani yasg wedang berada di sawsh menngpal | hasi.
dunds akibat sersengar listrik. Masajer ULP PLN Stagen meajelask
00 batrwa peristiwe sersebist diakibumkan aleh pemasangan kabel yang serlalu Brtanrate; . .
o+ kencang apeligi sshw beberap hari st it sengat penss a. Permasalahan apa yang terjadi pada peristivn sersabwt?
t,d‘l Pertanyaan; b. Mesgapa hal its bisa tegadi?
(')‘“ a 3pa yang tegjadi iwa teesebur? ¢ Bagammsa upaya ymg dapen dildkukan wmtuk mengheadas
' | b. ;{mswam“mnmmjuli’ ) permasalahan tersebur?
| = Bowuimame uparn g dipu dibkatan ik menghindar | d. Unaiksn kesimpalsa berdasarkas permssihan tersebut |
9 LMy iy hati Bibuat F
- woSey ke [asle¥ bor
P L e
3. Fixed image 3. | Soat pagi har, ayah membuat kopl, Ayah mezmangkan air moedialh k 3 [ Sat pagi Tari, ayah membuat Kopl Aysh membest kopi dengan cra

dalam gelas yang berisi kopi dan_gula. Tiba-lba gelas pecah seper
diperlibatkan pads gambise & bawah.

Gelas Pecsh

mencampurkan air ds kopi di atas panci yang dipanaskan, Setelsh
mendidin, ayah menuangkan kopé panss ke dalam gelas. Tiba-tiba gelas
aysh retak seperti gambar berikut

o

/ 7

(L4
Go;RHlR

2 Permasalshan apa yang sedang dialami ayah?

b Jelaskan apa penyebab gelas tersebut dapat pocali?

c. Apa yang seharusnya dilakukas ayah agar gelss tidek pecah saat
ingin membuat kopi lagi?

d. Berilsh kesimpulan atas kasas yang dialami aysh !

Quantitative assessment is carried out by ticking (V) in the "VALIDATION" column. Data obtained from the quantitative
assessment were analyzed using the Content validity ratio (CVR). The results of content validity are presented in table 3.1 below.

Table 6: Instrument Validation Results

No Score
Vi1 V2 V3 V4 V5 V6 V7 V8

1 3 4 4 4 3 4 3 4
2 4 4 4 4 4 3 4 4
3 3 4 4 3 4 4 3 4
4 4 4 3 4 4 4 4 4
5 3 3 4 4 4 4 4 3
6 4 3 4 4 3 3 3 4
7 3 4 3 4 4 4 4 4
8 4 3 4 3 3 4 4 4
9 4 4 4 4 4 4 4 3
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Table 7: Data Analysis

No S S S S S S S S S N (c-1) CVI information
. 1 2 3 4 5 6 7 8

1 2 3 3 3 2 3 2 3 21 24 088  Valid
2 3 3 3 3 3 2 3 3 24 24 096  Valid
3 2 3 3 2 3 3 2 3 2 24 088  Valid
4 3 3 2 3 3 3 3 3 23 24 096  Valid
5 2 2 3 3 3 3 3 2 2 24 088  Valid
6 3 2 3 3 2 2 2 3 2 24 083  Valid
7 2 3 2 3 3 3 3 3 2 24 092  Valid
8 3 2 3 2 2 3 3 3 2 24 088  Valid
9 3 3 3 3 3 3 3 2 23 24 096  Valid

Discussion ACKNOWLEDGMENT

The author fixes the expert's advice according to the qualitative
assessment. Based on the validation carried out, the results of
the instruments made were good, but more attention was paid
to preparing concept indicators and question indicators. In
addition, the keyword assessment guidelines are in bold to
make it easier to give an assessment.

According to the validator, question number 1 is not
following the indicators of problem-solving skills because it
does not yet reflect a problem. In addition, the questions still
use questions that are too general. Point number 4 needs to be
corrected so that it is more in line with the concept of physics.
The expert validator suggested confirming the story problem
that incidents of disconnected cables are more common at night
than during the day. Improvements to question number 5 were
made to the image of broken glass in the question item to make
it more contextual.

Based on table 3.2, it can be concluded that the results of
a quantitative assessment of nine experts using the Content
Validity Ratio (CVR) showed that the validity value was 0.88
to 0.96. It shows that the value of content validity is greater
than the V value of the Aiken table, which is equal to 0.75, thus
all test items are declared valid.

CoNcLuSION

Based on the validation results by eight validators consisting of
three expert validators and five user validators, the Thermal
and Transport Concept Inventory assessment instrument has a
CVR (Content Validity Ratio) value on nine items exceeding
0.75, This means that all elements have valid criteria for valid
content. The CVR value obtained is between 0.88 and 0.96, so
the instrument has high validity criteria. Each item and overall
assessment instrument has valid criteria.

SUGGESTION

From this study, a more in-depth study can develop a STEM-
based Thermal and Transport Concept Inventory assessment to
measure the problem-solving abilities of high school students
who have been tested for reliability and field tests.

LIMITATION

This study has limitations that only tested content validity by
eight experts. It is an opportunity for the researcher to test the
reliability and field test of the assessment instrument.
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