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Abstrak

Kemampuan numerasi peserta didik Indonesia yang rendah mestinya menjadi perhutian semua kalungan.
Dibandingkan dengan kemampuan literasi, kemampuan numerasi peserta didik Indonesia lehih
memprihatinkan, Oleh karena itu, praktik-prakiik baik yang dapat mendukung peningkatan kemampuan
numerasi sangat dibutuhkan sebagai bentuk usaha untuk meningkatkan prestasi akademik peserta didik.
Salah satu praktik baik terscbut adalah pemberian soal numerast sccara mutin untuk melatih peserta didik
dalam menghadapi scal-soal berbasis kemampuan numerasi. Penyusunan soal numerasi yang berkualitas
perlu melalii tahapan pengembangan yang ilmiah. Pada penelition sebelumnya, telah dikembangkan
strumen soal numerasi untuk peserta didik fase D yang telah terugi vahiditas dan kepraktisannya melalu
serangkaian kegiatan kualitatif. yaitu Seff-Evaluation. Exper: Review. One-to-one, dan Small Group.
Untuk menyempurnakan kualitas soal numerasi bagi peserta didik fase D, penclitian di]anjutkan dengan
kegiatan kuantitatf, vakni melalui tahapan Field Tesr. Tujuan khusus dari penelitian ini adalah untuk
menganalisis butir seal numerasi untuk peserta didik fase D dengan teknik analisis data menggunakan
hantuan program Quest, Penclitan i menghasilkan 21 butir soal numerast yang valid dengan tinghat
kesukaran yang ideal. yakni 19% soal sulit, 62% soal sedang, dan 19% soal mudah, serta tingkat
reliabilitas yang baik sckali (0.92). Butir-butir soal ini dapat digunakan di jenjang SMP atau Fase D
sebagai asesmen diagnostik, formatif, maupun sumatif untuk mengukur tingkal kemampuan numerasi
peserta didik.

Kata kunci: Kemampuan Numerasi: Peserta Didik Fase D: Program Quest,

Abstraci

The low numeracy skills of Indonesian studenis should be a concern for all stakeholders. Compared to
literacy skills, the numeracy skills of Indonesian students are more alarming. Thevefore, best practices
that suppart the enhancement of students’ numeracy skills are urgently needed as an effort to improve the
academic performance of Indonesion swdenis. One effective practice is giving numeracy problems
routinely to train students in dealing with numeracy-based problems.. Developing high-quality numeracy
guestions requires a systematic and scienlific approach. In previous research, o numeracy instrument for
Phase D siudents was developed and validaied trough a series of gualitative activities (Self-Evaluation,
Expert Review, One-to-Cne, and Small Group). To further imprave the quality of the mumeracy questions
Sor Phase D students, this study will continue with quantitative activities, specifically through the Field
Test phase. Aim of this study is 10 analyze the numeracy questions for Phase D students using data
analvsis techniques with the aid af the Quest praogram. This study vesulted in 21 valid numeracy questions
with an idea! difficalty distribution (19% difficudr, 62% moderate, and 19% easy), and a high reliability
seare (0.92). These questions can be used at the middle school level or Phase D as diagnosiic, formative,
or summative assessments (o measure students’ numeracy skills,
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INTRODUCTION

Numeracy is simply viewed
dichotomously as (esting whether a
person can perform basic arithmertic or
not (Parnis & Petocz, 2016). Mastering
numeracy skills means having the
ability to think critically in processing
data, making decisions. and solving
problems effectively (Yustitia et al.,
2025).

International assessments such as
PISA (Programme for Internarional
Student Assessment) have consistently
shown that Indonesian students struggle
with basic numeracy skills. In line with
this, the national assessment, namely
Minimum  Competency  Assessment
(AKM), also shows that students’
numeracy is  stll relatively  low
(Rosnelli & Ristiana, 2023).

One crucial effort to enhance
students' numeracy skills is through
regular  practice  with  numeracy
questions. An activity that can increase
nuMeracy scores is intensive training in
answering numeracy-related questions
(Ismawati et al., 2023; Kholid et al_,
2022). As a tool for practice, teachers
nced a collection of well-developed
numeracy questions. Therefore, the
development of high-quality numeracy
questions is essential.

The various stages required to
produce a  high-quality question
instrument include expert validation,
readability testing (both limited and in
small groups), and item analysis. Item
analysis aims to assess the validity,
reliability, discriminative power, and
difficulty level of the questions. In
previous research, a set of questions that
were valid (based on expert judgment)
and practical (through two stages of
readability testing with students) was
developed. To further test the quality,
the instrument must undergo a final
stage of quantitative analysis.
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Referring to  the Minimum
Competency Assessment (AKM), which
serves as a benchmark for measuring
the quality of each school in Indonesia,
several forms of numeracy questions are
provided: essay, short answer, multiple
choice, complex multiple choice. and
matching. These forms can  be
categorized into  dichotomous and
polytomous questions.

The Quest program, an
application used for caleulating and
analyzing question items, has the
advantage of being able to analyze both
dichotomous and polytomous questions.
Additionally, this program can estimate
both item groups and respondent
groups, making it the primary choice for
researchers to  produce truly high-
quality numeracy questions. The
objective of this study is to determine
the quality of numeracy question items
(including essay, short answer, multiple
choice, complex multiple choice, and
matching) for Phase D students through
quantitative analysis using the Quest
program.

Phase D students are those in
grades 7, 8, and 9 in Junior High
School. One of the competencies
measured in  the basic  education
competency standards (SKL) is the
ability to demonstrate numeracy skills
by reasoning using  mathematical
concepts, procedures, [acts, and tools to
solve problems related to oneself, the
immediate environment, and the wider
community (Kemendikbudristek RI,
2022).

In relation to numeracy. Phase D
students can answer numeracy questions
based on domain components aligned
with the Learning Outcomes (CP) set by
the government through the Kurikulum
Merdeka.
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Table 1 summarizes several
studies related to the analysis of
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numeracy question items.

Table 1. State-of-the-Art Analysis of Numeracy Question Items

; Research Title / Author ) .
No Name (Year) Research Design Result
I Development and Rasch Model The diagnostic instrument

Validation of Diagnostic
Assessment Instrument for
Numeracy Skills in 7th
Grade / (Burgmanis et al..
2021)

Validation of a Digital Tool
for Diagnosing
Mathematical Proficiency /
{(Junpeng et al., 2020)

(3]

Multidimensional
Random
Coefficicnts
Multinomial Logit

is suitable for evaluating
the numeracy skills of 7th-
grade students.

The instrument is validated
based on three arguments:
validity, reliability, and
item fit, making it suitable

Model (MRCMLM) for use as a formative test

3 Analisis Validitas dan
Realibilitas Kualitas Soal
Pilihan Ganda Asesmen
Kompetensi Minimum
(AKM) Mata Pelajaran
Pendidikan Agama Islam
Menggunakan Pendekatan
Model Rasch / (Nuri Syifa
Azzahra et al., 2024)

4 Analisis Soal Literasi
Numerasi Menggunakan
Pemodelan Rasch Konteks
Pemanasan Global Berbasis
ESD untuk Sekolah Dasar /
{Tiara Dewi Lestari et al |
2023)

Rasch Model with
Quest Program

Rasch Model

in schools.

Seven out of ten multiple-
choice items are
appropridte, and all items
are valid.

From the multiple-choice
questions tested, it was
found that 2 questions fall
into the difficult category. 8
questions fall into the
maoderate category, and 1
question falls into the easy
category.

From the four aforementioned
studies, item analysis tends to focus on
the elementary school level. For Phase
D, research subjects are only available
in grade 7. However, the study's
question material covers all levels
within Phase D. Furthermore. the item
analysis in this study encompasses not
only one type of question but includes
all question formats present in the
Minimum  Competency  Assessment
(AKM). Thus. the purpose of this study

is to examine numeracy questions for
Phase D students by applying data
analysis techniques with the support of
the Quest program.

METHOD

In  general, this  research
constitutes a series of item development
studies utilizing a formative evaluation
design. This study is at the Field Test
stage, where in previous research, a
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numeracy  item  instrument  was 2023) through the stages of self-
obtained, which was both valid (92%) evaluation, expert review. one-to-one,
and practical (88%) (Amelia et al., and small group, as illustrated in Fig 1.

{Exwen|—

Self- —— [mac 1 :
Evaluation | Revise | | Revise H Small Group H Revise ]—{ Field Test}

One-to-one -

Figure 1. Desain Formative Evaluation

Specifically, this research is The advantage of this program is
evaluative in  nature, employing a its  capability to amalyze  both
quantitative descriptive approach. The dichotomous and polytomous data. The
cvaluation focuses on numeracy items program'’s output allows for the analysis
for Phase D students. assessing their of items from various perspectives
quality  through  quantitative  item within  classical  theory, such as
analysis. The Quest program is used as reliability, difficulty level,
a tool for this analysis. Items are discrimination, and distractor items.
considered to be of good quality if they Additionally, it can analyze the
meet the established criteria for item difficulty level of the Rasch model
evaluarion. (Fine Reffiane et al.. 2021).

In analyzing items. computer The numeracy questions tested
programs are commonly used to quantitatively consist of 30 items. and

facilitate the calculation process. One
such program is Quest. By utilizing the
Quest program, users can effectively
and quickly analyze items (Ofianto in Table 2.
Ofianto, 20217,

the percentage distribution of questions
based on their components can be seen

Table 2. The Proportion of Numeracy Items Before Analysis

Components Subcomponents Items Proportion
Domain MNumber 11,12,15,16,17. 18 20%
Measurement and 4.5,6,7,26,27 205
Geometry
Data and Uncertainty 19.20,21,24,25,28,29,30 27%
Algebra 1,2,3,8,9,10,13,14,22, 33%
23
Context Personal 1,2.3,8,9,10,11,12, 24, 339
25
Socio-Culural 13,14,15,16,17, 18 20%

Scientific 4,5,6,7,19,20,21,22 23, 47%
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Components Subcomponents Items Proportion
26,27.28.29_30
Cognitive Understanding 8,9.10,11,12,19,20, 21, 40%
Level 25,28,29,30
Application 1.2,3,4,5,13, 14,22, 23 30%
Reasoning 6,7.15,16,17, 18,24, 26, 30%
27
Question Essay 4,5,6,7,12,26,27 23%
Format Short Answer 1.2 7%
Multiple Choice 11,13,14,20,21,22 20%
Complex Multiple 3,8.9,15,16,17,18.19, 40%:
Choice 24,28,29,30
Matching 10, 23, 25 10%

From the Table, 30 numeracy
items are presented. distributed across
each component and subcomponent of
numeracy questions. The proportion of
the distribution of numeracy questions
is aimed to approximate the proportion
of AKM numeracy questions (Pusat
Asesmen dan Pembelajaran, 2020).

These questions were
administered to 32 Phase D students at

SMPN 34 Pekanbaru, then assessed
based on their answer alternatives for
subsequent analysis using the Quest
program.

The output of the Quest program
includes item  validity estimates,
difficulty level estimates, item passing
estimates, and reliability estimates
(Rizbudiani et al., 2021) (see Fig. 2).

7-7{ Item Validity Estimation ]

W Quest Program 4‘1 Difficulty Level Validation

Reliability Estimation

Figure 2. Scheme of the Item Analysis Process Using the Quest Program

In Item Validity Estimation, based
on the Rasch Model, the validity of the
analyzed items can be assessed using
the INFIT MNSQ and OUTFIT t output
values (Saryanto et al., 2020). An item
is considered valid if the INFIT MNSQ
value falls within the range of 0.5 - 1.5
(Aryadoust et al, 2021) and the
OUTFIT t value is less than 2.0 (Ahu

Bakar et al.., 2023; Guo et al., 2020;
Muslihin et al_, 2022).

The item estimate (Threshold)
analysis can also be used to determine
the difficulty level of the item. The
difficulty levels are categorized as
follows: 1) b > 2 (very difficult); 2)
1 < b = 2 (difficult); 3) =1 < b =
1 (moderate); 4) -2 < b = —1
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(easy); and 5) b < —2 (verv casy)
(Dewi et al.. 2023).

The criteria for Rasch model
reliability values are as follows: 1) <
0.67 {weak): 2) 0.67 — 0.80
(sufficient); 3) 0.81 — 0.90 (good): 4)
0.91 — 0.94 (very good): and > 0.94
(excellent) (Bambang Sumintono &
Wahyu Widhiarso, 2015).
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RESULT AND DISCUSSION
1. Item Validity Estimation

The walidity results of the
numeracy items based on the INFIT
MNSQ and OUTFIT t values are shown
in Table 3.

Table 3. Recapitulation of Numeracy Item Validity

INFIT OUTFIT

INFIT OUTFIT

ltem MNSQ tValue TM€PT® o MNSQ ¢ Value Ihterpret
Value ation Value ation
1 133 2 vaid 16 073 . Valid
2 085 05 valid 17 076 09 Vilid
3 067 08 valid 18 4 - NotValid
4 079 07 valid 19 112 10 Valid
5 08 07 vaid 20 161 32 NotValid
6 08 08 valid 21 142 30 Not Valid
7 07 04 valid 22 097 06 Valid
8 119 04 valid =~ 23 048 23 Valid*
9 119 04 valid 24 105 1.0 Valid
10 158 1 valid* 25 : © NotValid
11 08l 02 valid 26 . - NotValid
12 082 07 valid 27 s - Not Valid
13 - - NotValid 28 1,14 1.2 Valid
14 13 31 NotValid 29 060  -15 Valid
15 072 -l valid 30 ) - NotValid

Note: #: valid with consideration

The table above provides
information about the validity of each
numeracy item. The INFIT MNSQ
values of the 30 numeracy items above
range from 048 —158 and the
OUTFIT t values range from —2.3 0
3.2. This means that there are numeracy
items that are not valid according to the
Rasch model. namely items 10. 14, 20,
21, and 23 In the Rasch model, items
that cannot be answered by all
respondents are not counted and are
automatically considered invalid, such
as items 13, 18,25,26,27, and 30.

In this analysis. it was found that
some invalid items (10, 23, and 25) are
matching type questions, which means

that if all of these questions are
eliminated, there will be no matching
type questions in this numeracy item
instrument. However, to familiarize
students with practicing numeracy
questions in AKM format, all question
components must be fulfilled.

The INFIT MNSQ scores for item
10 (1.58) and item 23 (0.48) indicate
that they are less productive as
measurement instruments, but they do
not decrease data quality, although item
23 specifically can affect reliability
scores (Boone et al., 2014). The INFIT
MNSQ scores for these two items also
have a small difference from the
validity category threshold (0.5 - 1.5).
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Meanwhile, in terms of OUTFIT t
scores, both of these items fall into the
fit category.

Considering these factors, items
number 10 and 23 need to be reviewed
(Erfan et al.. 2020) or not discarded.
However, to improve the quality of
these two items, minor revisions are
needed, such as improving the wording

ISSN 2089-8703 (Print)
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of the questions to facilitate students'
understanding.

2. Difficulty Level Estimation

The analysis results of the
difficulty level of numeracy questions
for Phase D students can be seen in
Table 4.

Table 4. Recapitulation of Numeracy Question Item DifTiculty Levels

Item Threshold Interpretation Item Threshold Interpretation
Value VYalue

1 -0,74 Moderate 16 -0,65 Moderate
2 -0.20 Moderate 17 -0,84 Moderate
3 0,34 Moderate 18 - -

4 044 Moderate 19 193 Difficult
5 003 Moderate 20 -1 46 Maoderate *
6 226 Very Difficult 21 .46 Moderate *
7 133 Difficult 22 0.63 Moderate
8 -1.34 Easy 23 0,11 Muoderate
9 -1.34 Easy 24 -0,65 Moderate
10 -0.55 Moderate 25 - -

11 -1.74 Easy 26 - -

12 -107 Eusy 27 - -

13 - - 28 193 Difficult
14 1.56 Difficult* 29 034 Moderate
15 -0,65 Moderate 30 - -

Note: *: not valid

The table above  presents
information on the difficulty levels of
numeracy — question  items.  After
excluding invalid items (13, 14, 18, 20,
21, 25. 26,27, and 30), it was found that
4 (19%) items are categorized as very
difficult and difficult, 13 (62%) items
are moderately difficult, and 4 (19%)
items fall into the easy category. This
proportion of difficulty levels is
considered ideal, with the number of
difficult and easy questions together
accounting for 19% and the remaining
629 falling into the moderate category.

Item number 6 is an essay
question with a maximum score of 2.
This item 1is categorized as very
difficult, as only 3 out of 34 respondents
scored 1, even though none achieved
the perfect score. The numeracy
component of question number 6 is an
essay format, with reasoning as the
cognitive level, falling under the
measurement  and  geometry  domain,
and using a scientific context. as shown
in Fig 3.
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DICE PAINTING

The picture beside shows a cube-shaped dice with an edge
length of 1 cm. Each side of the dice is painted white and

features a circle with a diameter of 4 mm.

Question 6: Dice Painting

Find the surface area of the dice that is not white on the 1 and 6-edged sides!

Figure 3. Question Item Number 6 (Very Difficult Category)

This question item involves
reasoning, and during the validation
stage  with  experts, the validators
recommended increasing its cognitive
level compared to the previous question
design. Therefore, at this estimation
stage, item 6 has not been removed.

3. Reliability Estimation

The reliability of item estimate for
multiple-choice questions is 0.92 (very
good), and the respondent reliability is
081 (good). This means that the
respondent reliability is lower than the

item reliability. This can occur for
several reasons, including respondents
answering questions carelessly and the
sample size being less than 100
respondents, specifically 32
respondents.

From the results of the three
estimations above, 21 valid items were
obtained with varying difficulty levels
and very good item reliability. The
distribution of these 21 numeracy items
for Phase D students is presented in the
Table 5.

Table 5. Proportion of Numeracy Question Items After Analysing

Components Subcomponents Items Proportion
Domain Number 11,12, 15,16, 17 24%
Measurement and 4.5.6,7 19%
Geometry
Data dan Uncertainty 19,24, 28,29 19%
Algebra 1,2,3,8.9,10,22,23 38%
Context Personal 1,2,3.8,9.10,11,12,24 43%
Socio-Cultural 15,16, 17 14%
Scientific 4,5,6,7,19,22,23,28,29 43%
Cognitive Understanding 8.9,10,11.12,19,28,29 38%
Level Application 1,2,3,4,5,22,23 33%
Reasoning 6,7.15.16, 17,24 206,
Question Essay 4.5.6,7. I2 24%
Format Short Answer 1,2 0.3%
Multiple Choice 11,22 9.3%
Complex Multiple 3,8,9,15, 16,17, 19,24 28, 48%
Choice 29
Matching 10,23 9.3%
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From the table above, it can be
seen that the distribution of numeracy
questions for Phase D students changed
after several items were dropped
following analysis with the Quest
program.

This research found that nine
discarded consisted of Essay (28%),
Multiple Choice (66.7%), Complex
Multiple Choice (16.7%). and Matching
(33,3%) question types. Multiple-choice
questions were the most frequently
rejected due to their lack of validity.

In this study, questions that
students were unable to answer could
not be classified as difficult, moderate,
or easy. Additionally, item validity,
whether based on INFIT MNSQ or
OUTFIT t, was not interconnected with
difficulty levels. This finding aligns
with previous research (Nurhalimah et
al., 2022; Van Vo & Csapo, 2021). In
other words, invalid questions cannot be
categorized as difficult, moderate, or
easy.

The use of the Quest Program is
relatively simple, as it provides readily
available command templates. Users
only need to input data into the
lightweight  application. However,
Quest has a limitation in that its
reliability calculations apply only to
multiple-choice questions. This opens
opportunities for future researchers to
combine Quest with other formulas to
obtain reliability values for all question
types.

If the development of numeracy
questions has the benefit of improving
their quality in terms of fulfilling
curriculum standards and assessing the
validity and practicality of the
questions, then the analysis of numeracy
items is a follow-up activity to cvaluate
the potential effects through the validity
and reliability of the questions. Item
analysis is a simple yet valuable activiry
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for teachers in providing questions as an
evaluation tool to their students (Kumar
et al., 2021). It also strengthens
scientific  decisions based on the
quantitative analysis of the questions'
level of difficulty. Thus, integrating
both qualitative and  quantitative
approaches, educators can create a
collection of numeracy questions that
are truly valid. practical, and effective
for classroom use. These process of
item quality control is essential for test
development  (Quaigrain &  Arhin,
2017).

This numeracy (est instrument can
be further developed to assess the
numeracy skills of students in Phase D
and analyze their difficulties in solving
numeracy guestions.

CONCLUSIONS

The Quest program, which is part
of the Rasch model, helps in analyzing
the validity and reliability of numeracy
questions.  Additionally, the Quest
program provides an overview of the
difficulty level of the questions, making
it easier to make scientific decisions to
produce good numeracy questions for
Phase D learners.

After being analyzed using the
Quest program, this study produced 21
valid numeracy items with an ideal level
of difficulty (19% difficult questions,
629 medium questions, and 19% easy
questions), as well as a very good level
of reliability (0.92). These 21 items not
only fulfill curriculum standards but can
also be used accurately at the junior
high school level or Phase D as
diagnostic, formative. and summative
assessments  to  measure  students’
numeracy skills.
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