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ABSTRACT

This study aims to develop numeracy questions based on the Reeves development
model that produces high-quality numeracy questions. The questions are designed
in an expanded multiple-choice format, which allows students not only to choose
answers but also to provide in-depth logical reasons. This study uses a design
research with a systematic approach involving four main stages in the Reeves
model: problem identification and analysis, initial design, prototype development,
and implementation and reflection. The research methods include expert
validation, small group trials, and field trials involving 26 sixth grade students as
research subjects. The results of the study showed that 15 numeracy questions were
developed, leaving 10 numeracy questions that were of high quality and had high
validity, reliability, varying levels of difficulty, and good discriminatory power. The
other 5 numeracy questions were not used because they did not meet the criteria
for quality items. The implementation of the questions showed that the expanded
multiple-choice format was able to provide an in-depth evaluation of students'
abilities and help identify weaknesses in students' understanding in more detail.
With these results, this study concludes that the Reeves development model is
effective for developing high-quality numeracy questions.
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INTRODUCTION

Numeracy skills are an important
element in mathematical literacy that
every individual, especially students at
the elementary school level, must have.
Numeracy skills not only include an
understanding of numbers and basic
mathematical operations, but also the
ability to apply these concepts in real-
life contexts (Damayanti et al. 2024;
Itu, Soro, and Wewe 2024; Sidiq,
Ayudia, and Sarjani 2023). In the
modern era, numeracy skills play a key
role in daily decision making, both in
the world of work, education and
society (Dilla Nurfadillah et al. 2024;
Fajriyan 2022). Therefore, mastering
numeracy from an early age is an
indicator of educational success.

However, various studies and
reports, such as PISA (Programme for
International ~ Student  Assessment),
show that Indonesian  students'
numeracy literacy skills are still
relatively low compared to other
countries (D, Khasanah, and Putri 2022;
Putrawangsa and Hasanah 2022;
Umaya, Subali, and Januarsi 2024).
This problem is evident in fraction
material, especially in the multiplication
and division operations of fractions with
natural numbers. Students often have
difficulty in understanding basic
concepts, performing calculations, and
connecting this material to the context
of everyday life (Fajar Rizqi et al. 2023;
Febriyanti and  Nurjaman  2023;
Widyatma and Ramadhani 2024). For
example, many students are unable to
answer story-based questions, such as
counting ingredients for cooking or
dividing items by a certain amount,
which involve fraction operations.

One of the causes of low student
numeracy skills is the lack of quality
questions, both in terms of validity,
reliability, level of difficulty, and
differentiating power (Hayati and

Nindiasari 2024; Suariantini, Werang,
and Astawan 2023). The questions that
are often wused only focus on
memorization and the final answer
without exploring the reasons behind
the answer (Yunarti and Amanda 2022).
This condition shows the need for
innovation in developing numeracy
questions in order to evaluate students'
abilities in more depth.

One innovation that can be done
is the use of an expanded multiple-
choice format. This format is different
from  conventional  multiple-choice
because each answer choice is
accompanied by a logical reason. This
requires students not only to choose the
correct answer but also to understand
and explain their choices. With this
format, the evaluation can cover the
cognitive aspects of students more
comprehensively, while also helping to
identify the difficulties faced by
students in understanding the concept of
numeracy.

To produce quality questions, this
study adopted the Reeves development
model, a systematic development
approach  that involves problem
identification and analysis, initial
design, prototype development and
implementation and reflection (R,
Apriliya, and Kosasih 2018). With this
model, it is expected that research can
produce valid, reliable numeracy
questions, have a proportional level of
difficulty, and adequate discriminating
power. The ultimate goal is to provide a
quality evaluation instrument to support
numeracy learning in schools.

METHOD

This study uses a development
design or resource design with the
Reeves development model. This model
involves four systematic stages, namely
problem identification and analysis,
initial design, prototype development
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and implementation and reflection (R et
al. 2018). This method is applied to
produce numeracy questions in the form
of expanded multiple choices that meet
the criteria of validity, reliability, level
of difficulty and good discriminating
power. Data was collected through
interviews and test results.

The first stage of the Reeves
development model is problem
identification and analysis. At this
stage, the researcher conducted a needs
analysis and literature review so that
problems were found regarding
numeracy questions that were of poor
quality and unable to evaluate students'
abilities in depth. So that a solution was
obtained to develop expanded multiple-
choice questions.

The second stage of Reeves'
development model is the initial design.
The questions are designed based on
contextual discourse text. Each question
includes a main question with multiple
choice answers and a column for
student reasons. So that the assessment
is carried out with two approaches,
namely in terms of the multiple choice
answers and in terms of the answers to
the reasons. Multiple choice answers are
analyzed using a multiple choice test
analysis form where correct answers are
worth 1 and wrong answers are worth 0.
The answer to the reason is analyzed
using a descriptive test analysis form
with a 0-5 assessment scale. The
following is the reason assessment
scale:

Table 1. Scoring Rubric for Reason Answers

Score Score Rubric

0 There is no answer or a completely wrong answer.

1 There is little effort without using the concepts of multiplication and
division of fractions by natural numbers correctly.

2 An attempt to answer is visible, but the concept of multiplying and
dividing fractions by natural numbers used is significantly incorrect.

3 Understanding of the concept of multiplying and dividing fractions by
natural numbers is evident, but there are some calculation errors.

4 The steps are correct, but there is a small error in the final presentation.

5 All steps and answers are correct.

The third stage of Reeves'
development model is prototype
development. The items are validated
by experts or an expert review is
conducted. Validation conducted in an
expert review involves assessing
content, constructs, and language
(Asmara and Sari 2021). After being
validated by expert review, the
questions are revised and then tested
and interviews are conducted on several
students or small groups of students to
assess the understanding of the
questions, the difficulty of the
questions, the suitability of the
discourse text with everyday life, the

suitability of the images with the
discourse text and suggestions.

The fourth stage of Reeves'
development model is implementation
and reflection. The revised test items
based on the results of trials and
interviews with a group of students or
small groups, were then tested on a
larger group of students, namely 26
grade 6 students. The results of the trial
that produced two answers, namely
multiple choice answers and reason
answers, were each analyzed to be
assessed in terms of validity, reliability,
level of difficulty and discriminatory
power.
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Validity is calculated using item
correlation analysis. The test items are
said to be valid if the r table value > r
calculated value. The r table used is
3.882. Reliability shows the consistency
of the measurement results calculated
using the Cornbach Alpha coefficient.
The following are the reliability
assessment criteria according to Safi'i,

_ Skor Rata — Rata Suatu Soal

~ Skor Maksimum Suatu Soal
Information :

TK =Difficulty level

Table 4. Criteria Level of Difficulty
Answer Reason

. X i MarkT K Information
Alfi, and Fatih (2024): <030 Difficult
Table 2. Reliability Criteria 0.31-0.70 Currently
0.71-1.00 Easy

Reliability Value Information
<0.20 Very Low
0.20-0.40 Low
0.41-0.60 Currently
0.61-0.80 Tall
0.81-1.00 Very high

The level of difficulty is indicated
by the proportion of students who
answer  correctly. The following
formulas and assessment criteria are
used to measure the level of difficulty in
multiple-choice answers according to
Utami and Adilla (2022):

p B
=73
Information :
P =Difficulty level
B =The number of students who
answered the questions correctly

JS =Total number of students

Table 3. Multiple Choice Answer
Difficulty Level Criteria

Discriminatory power measures
the extent to which a question can
differentiate between students with high
and low abilities. The assessment
between multiple-choice answers and
reason answers to calculate their
discriminatory power is the same. The
following is the formula and criteria for
assessing discriminatory power in
multiple-choice answers and analysis
answers according to Rahmasari and
Ismiyati (2016):

DP = XKA — XKB
~ Skor Maksimal
Information :

DP =Distinguishing Power
XKA =Upper group average
XKB =Lower group average

Table 5. Distinguishing Power Criteria

MarkP Information

<0.30 Difficult
0.31-0.70 Currently
0.71-1.00 Easy

MarkP Information

<0.19 Not Good/Discarded
0.20-0.29 Enough
0.30-0.39 Good

> 0,40 Very good

Meanwhile, the formula and
assessment criteria used to measure the
level of difficulty of the analysis
answers according to Astuti, Waluya,
and Asikin (2020):

After being measured in terms
of validity, reliability, level of difficulty
and discriminating power, it will be
determined which questions are of good
quality. The criteria for good quality
questions are questions that have
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content validity according to the
curriculum or the questions must be
valid, have high reliability (>0.6), have
varying levels of difficulty including
easy, medium and difficult categories,
and adequate discriminating power
(>0.2) or the questions have minimal
sufficient discriminating power
(Sa'idah, Yulistianti, and Megawati
2019).

This research is expected to
produce numeracy questions that are not
only able to measure students' abilities
accurately but also provide a deeper
picture of students’ way of thinking,
especially in  understanding and
applying numeracy concepts in real life.

RESULTS AND DISCUSSION

The development of multiple-
choice numeracy questions  was
expanded using the Reeves
development model consisting of four
main stages:

Problem Identification and Analysis
At this stage, the researcher
identified and analyzed the problem.
Based on the identification and analysis
of the problem, it was found that the
problem was related to the low-quality
numeracy questions and were unable to
evaluate students' abilities in depth. So
that a solution was obtained to develop
expanded multiple-choice questions.
The first thing that was done was a
needs analysis, the researcher identified
the purpose of developing numeracy
questions, namely to produce quality
numeracy  questions to  measure
students’ numeracy abilities validly,
reliably, and have a good level of
difficulty and differentiating power.
After determining the
objectives, the researcher began to
conduct a literature review by collecting
references on numeracy standards,

expanded  multiple-choice  question
formats and quality question criteria.
The researcher also reviewed the
concept of validity in terms of construct
content and language and also reviewed
the concept of reliability, level of
difficulty and discriminatory power.
The researcher also determined that the
indicators of quality  numeracy
questions to be developed were to have
good question criteria in terms of:
content validity according to the
curriculum, high reliability of more than
0.6, varying levels of difficulty of easy,
moderate, difficult and adequate
discriminatory power of more than 0.2.

Initial Design

The first thing to do at the
design stage is to compile questions.
Questions are compiled by determining
the competencies being measured such
as CP, TP and ATP. Then, the
researcher also compiles a question grid
containing question indicators and
cognitive levels.

After determining the
competencies being measured and
compiling the question grid. The
researcher began to create questions.
The compilation of questions was
carried out using an expanded multiple-
choice format where the answer choices
consisted of a combination of options
that tested in-depth understanding. Each
question included a main question with
multiple-choice answers and a column
for student reasons. So that the
assessment was carried out with two
approaches, namely in terms of the
multiple-choice answers and in terms of
the answers to the reasons. The context
used in the questions must also be
relevant to the real situation.

The questions consist of 15
expanded multiple-choice questions that
have 5 numeracy discourse texts. 1
discourse consists of 3 questions with
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different cognitive levels. The following design stage:

are the questions developed at the initial
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evaluation, the researcher began to

Prototype Development

At the prototype development
stage, this stage focuses on testing
questions and improvements based on
the results of empirical analysis
(Apriatni, Yuhana, and Sukirwan 2022).
After conducting an independent

consult or validate with an expert
review to validate the questions in terms
of content, construction, and language.
The validators consisted of 3 people
who were mathematics teachers who
had a master's degree in mathematics
education. The following are comments
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from the expert review validation and
revision:
Table 6. Expert Review Validation Results

Validators Comment Revisions and Improvements

Questions need to be
supplemented with related
Validator 1  discourse text; number 1 is better
to go straight to the point;
numbers 4 and 10 are too vague.

Add a caption to the discourse text;
clarify questions 4 and 10 with wording
such as: "How many friends got
watermelon/pizza?"

Discourse text 1 needs to be Refine the wording of discourse text 1;
aligned; use consistent terms in use the consistent term "wheat flour";
Validator 2 number 1; use fraction format in use fractions, not decimals, in fraction
multiple choices; number 8 needs  problems; clarify the logic in problem
to be clarified. number 8.

Pay attention to the consistency of
the terms in number 1; number 6
is ambiguous; the text of

Align the terms "wheat flour" and
"flour"; correct number 6 regarding the

Validator 3 . . remaining watermelon pieces; adjust the
n(i:ti?wgréﬁe?;t?ggstgea::gaf; r?:egc'ﬁ) text of the discourse and the picture;
’ be clarified clarify questions number 9 and 12.
e clarified.
_ interview questions included
After conducting an expert discussions about understanding the
review, the researcher conducted a trial questions, the difficulty of the
on a group of students or involved a questions, the suitability of the
small sample of students to work on the discourse text in the questions with
Prototype questions from the results of everyday life, the suitability of the
the revised export validation review. images with the discourse text given
This small sample or small group and suggestions for improvement
consisted of 4 grade 6 students. The regarding the questions that were
trial had been conducted, the researcher developed. The following are the results
also conducted interviews with the four of the trial and interviews along with
students to ask about the students' their revisions:

responses when working on the
questions that were developed. The

Table 7. Trial Results

Aspect Student Comments Revisions and Improvements
. . The measurement from kg to Convert measurements to cups; add
Discourse 1: . . . . .
cups is confusing; the image images that match the text to explain

Making Cakes does not support the text. ingredient measurements.

The wording has been clarified to be

Question Not straight to the point, more direct and easy to understand, while
Number 1 hard to understand. R A
maintaining the same answer choices.
The question wording has been revised to
Question . make it clearer and more relevant to the
It's hard to understand. . ) )
Number 2 discourse; the answer choices have not

been changed.

Questions Question number 7 is The wording of question number 7 has




68

| Tasya Faricha Amelia, Effendi Nawawi, Ratu llma Indri Putri, Evy Ratna Kartika Waty - Development of

Extended Multiple Choice Numeracy Questions Based on The Reeves Model

Number 7 and 8 unclear, number 8 is

considered appropriate.

been clarified to make it relevant to the
discourse. Number 8 remains intact.

Discourse 5: guestion number 15 is

Not relevant to everyday life;

The amount of juice from the ingredients
has been clarified; the wording of number
15 has been adjusted to make it easier to

Making Juice confusing. understand, the answer choices remain
the same.
Questions that are too difficult and too
Difficulty Level easy are revised to increase the ideal level
of difficulty (P=0.3-0.7)
Distinguishing Questions with poor discriminatory
Power power (<2.0) were corrected or discarded.

After the revision, the researcher
began to enter the next stage regarding

implementation and reflection. The

Teks Wacana 1

following are the final results of the test
items after expert review validation and
small group trials:
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Implementation and Reflection

At this final stage, the
researcher's focus is on the application
of questions and a definite assessment
of whether the questions developed are
valid, reliable, have a good level of
difficulty and differentiating power or
not (Fidia, Puspitawati, and Yakub
2022). The application of the questions
was carried out in class 6 at SD Negeri
19 Talang Kelapa which consisted of 26
students. During the application, it was
seen that there were students who found
it easy to do the numeracy questions
and there were students who found it
difficult to do the numeracy questions.

After the application or
implementation of the questions to
students, the results of the application
are analyzed to ensure whether the
questions are valid and reliable and
have a good level of difficulty and
differentiating power. Because the test

used is an expanded multiple choice
where not only multiple choices are
assessed and analyzed, but there are
logical reasons that must also be
assessed and analyzed. So the analysis
is carried out using two methods,
namely analysis of the form of multiple
choice questions and analysis of the answer
reasons using the analysis of the essay test
form. Both analyzes are carried out by
analyzing the validity, reliability of the
level of difficulty, and differentiating
power. The following are the results of the
analysis:
1) Validity

The results of the study on the
validity of the questions in the Multiple
Choice Analysis showed that 10 questions
were declared valid and 5 questions were
declared invalid. However, the Reason
analysis showed that 15 questions
developed were valid. The distribution of
15 questions based on the two validity
analyses is as follows:

Table 8. Item Distribution Based on Item Validity

Types of Analysis Validity Index Question Items Amount  Presentation
Rcount 25,791 10 66.67%
>0.338 0,11,12,13,14,15
Multiple Choice (valid question)
Analysis Rcount 1,3,4,6,8 5 33.3%
<0.338
(invalid guestion)
Rcount 1,2,3,4,5,6,7,8,9,10,1 15 100%
Reason Analysis >0.338 1,12,13,14,15
(valid question)
Rcount 0 0 0% Multiple
<0.338 Choice 0.66 Tall
(invalid Analysis
guestion) Reason
Analysis 0.88 Very high
2) Reliability

The following are the results of
the reliability values in both
analyses:

Table 9. Item Distribution Based on
Reliability

Types of
Analysis

Reliability

Reliability Level

3) Difficulty Level

The following is the distribution
of 15 questions based on their level of
difficulty in both analyses:

Table 10. Distribution of Items Based on
Difficulty Level

Diffic Question Amo  Present

Type
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s of ulty Items unt ation

Asias' Index 4) Distinguishing Power

I\)/I/ulti Easy 46710131 0% The following are the results of
ple 4 the discriminatory power analysis
Choi Curre 1 ,351915 6 40% based on multiple choice and
ot [;‘i;'gi/c o reasons:

ysis  ult 8,912 3 Distribution of Essay Question
Reas _EY 4561014 5 33.3% Iltems Based on Distinguishing
on Cure 12371112 . 53.3% Power

Anal n_tly 13.15

ysis D:Jflftlc 8.9 2 13.3%

Tablell. Distribution of Grains Based on Discriminating Power

Zypes C.’f Distinguishing Power Index Question Amount  Presentation
nalysis Items
Not good 3,4,5,6,8 4 26.6%
Multiple Choice Enough 7,14,15 3 20%
Analysis Good 1,9,10,12,13 5 33.3%
Very good 2,5,11 3 20%
Not good 1,3,8 3 20%
Enough 2,49,14 4 26.6%
Reason Analysis 6,7,11,12,13,1 6 40%
Good 5
Very good 5.10 2 13.3%

reliability, level of difficulty and
Based on the four analyses, the differentiating power analyses:
following is a combination of validity,

Table 12. Combined Analysis

Validity Reliability Difficulty Level ~ D'Stnguishing

Power
No. Multipl Multipl Multipl
Questio e Reason e Reason  Multiple Reason e Reason
n Choice  Analysi Choice  Analysi  Choice Analvsis Choice  Analysi
Analysi S Analysi S Analysis y Analysi S
S S S
1 Invalid valid V_ery Currentl  Currentl Good Not
high y y good
2 Valid Valid Tall Very Currentl  Currentl — Very Enough
high y y good
3 Invalid valid V_ery Currentl  Currentl Not Not
high y y good good
. . Very Not
4 Invalid  Valid high Easy Easy good Enough
5 Valid Valid Tall Very Currentl Easy Very Very
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high y good good
. . Very Not
6 Invalid  Valid high Easy Easy good Good
7 Valid Valid Tall Xieg?l/ Easy Cur;/entl Enough  Good
8  Invalid Valid Ve pitficult Difficult ot Not
high good good
9 valid  Valid  Tall Xg%’ Difficult Difficult Good  Enough
. . Very Very
10 Valid Valid Tall high Easy Easy Good good
11 valid valid Tall V_ery Currentl  Currentl Very Good
high y y good
12 valid  vaid Tl \rfg%’ Difficult C“r;e”“ Good  Good
13 valid  valid  Tal YV By S Good  Good
igh y
14 Valid Valid Tall \h/iegrr{ Easy Easy Enough  Enough
15 valid  vaiid  Tal o Currentl  Currentl 0 0igh Good
igh y y
_ ) element because it ensures that each
Quality numeracy questions are question reflects the competency

questions that have content validity
according to the curriculum or the
questions must be valid, high reliability
(>0.6), varying levels of difficulty
including easy, medium, and difficult
categories, and adequate discriminatory
power (>0.2) or the questions have
minimal  sufficient  discriminatory
power. This study shows the importance
of ensuring the quality of numeracy
questions through analysis of validity,
reliability, level of difficulty, and
discriminatory power. Based on the
combined analysis table, it can be seen
that out of 15 questions developed, 10
questions meet the criteria as quality
questions based on content validity
according to the curriculum, high
reliability, distribution of varying levels
of difficulty, and adequate
discriminatory power. The 10 questions
are numbers 2, 5, 7, 9, 10, 11, 12, 13,
14, and 15. The other 5 numeracy
questions were not used because they
did not meet the criteria for quality
items.

Content validity is an important

measured according to the curriculum.
In this study, validity was strengthened
through multiple choice and reason
analysis, which provided a deeper
measurement dimension. Of the 15
questions developed, only 10 were
considered valid based on the multiple
choice analysis. However, in the reason
analysis, all 15 questions were declared
valid. This shows that the question
format that includes reasons can provide
an additional, more comprehensive
measurement  dimension.  Content
validity is also often reviewed through
expert review to ensure its relevance to
curriculum standards and the abilities
being measured. A study by Damayanti,
Daryono, and Hari Rayanto (2023)states
that content validity is an aspect that
must be evaluated by experts in the
relevant field so that questions can be
ensured to be relevant to learning
objectives.

In addition, high item reliability
indicates instrument consistency, so that
the  measurement results remain
accurate even when used repeatedly. In



72 | Tasya Faricha Amelia, Effendi Nawawi, Ratu llma Indri Putri, Evy Ratna Kartika Waty - Development of
Extended Multiple Choice Numeracy Questions Based on The Reeves Model

this study, item reliability reached a
high value (0.66 for multiple choice) to
very high (0.88 for reasons). This value
indicates that the item instrument can be
used repeatedly with consistent results
under similar conditions. Previous
studies, such as those conducted by
Kania et al. (2023), revealed that high
reliability is essential to ensure the
accuracy of evaluation. This is
especially true in the context of primary
education, where evaluation instruments
must be able to capture student
performance consistently.

The distribution of difficulty
levels is also a concern, with questions
spanning easy, medium, and hard
categories. This ensures that the
questions can effectively evaluate
students with different levels of ability.
Questions that are too easy or too hard
are avoided to maintain balance and
relevance of the evaluation. An even
distribution ensures that the questions
can evaluate students with different
levels of ability. For example, questions
that are too easy tend not to be able to
distinguish students with high ability
from those with low ability, while
questions that are too hard can hinder
student motivation. This is in line with
the view Utami and Adilla (2022),
which states that an ideal question
should have a difficulty index between
0.3 and 0.7 to ensure diversity.

Discriminating power is also a
key indicator, where questions with low
discriminating  power values are
improved or removed so that the
instrument can differentiate students
with diverse understandings. In this
study, questions with low
discriminating power were improved or
removed to maintain the quality of the
instrument.  Sufficient discriminating
power (>0.2) ensures that the evaluation
instrument can identify various levels of
student ability. According to Susilowati

et al. (2024), discriminatory power is a
critical aspect in item development
because it provides insight into the
effectiveness of the item in assessment.

This research is in line with
various studies that emphasize the
importance of item analysis. For
example, Magdalena et al. (2021)
showed that validity, reliability, level of
difficulty, and discriminatory power are
key parameters to ensure that test
questions are effective as evaluation
tools. This is supported by the results of
the analysis which highlighted that 10
out of 15 questions met the criteria as
high-quality questions, with adequate
levels of validity, reliability, difficulty,
and discriminatory power. Another
study by Cantika et al. (2024) also
found that evaluation instruments that
do not meet any of these criteria can
reduce the quality of evaluation results.
Therefore, it is important to ensure that
the questions are not only in accordance
with the curriculum but also able to
provide meaningful information about
student abilities.

CONCLUSION

This study successfully
developed numeracy questions based on
the Reeves development model with an
expanded multiple-choice format. The
results of the study revealed that out of
15 numeracy questions developed, only
10 questions met the criteria for good
quality, namely having high validity
and reliability, varying levels of
difficulty, and adequate discriminatory
power. This expanded multiple-choice
format allows students not only to
choose the correct answer, but also to
provide in-depth logical reasons,
providing a comprehensive evaluation
of  students' understanding and
numeracy abilities. The Reeves
development model has proven
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effective in producing valid, reliable,
and contextual numeracy questions.
This  study  provides  significant
contributions ~ for  teachers  and
researchers in designing more quality
and in-depth numeracy learning
evaluation tools.
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