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The limited availability of valid and reliable numeracy literacy test
instruments, particularly in the algebra domain, for junior high school
students in preparation for the Minimum Competency Assessment
exam makes this research important to conduct. This study aims to
describe the quality of a numeracy literacy test instrument in the
algebra domain for junior high school students. It is a quantitative
study with a descriptive approach. This method is used to describe the
quality of the numeracy literacy test instrument in the algebra domain,
which was developed based on Rasch modeling. The research
procedure comprises three main phases: item development, limited
trial testing with 8th-grade students, and item quality analysis using
the Rasch model analysis with the Winsteps software. The developed
numeracy literacy test instrument consists of 12 essay questions. The
instrument was then used to collect quantitative data from 34 8th-
grade students selected as research respondents through purposive
sampling. The results indicate that one item is categorized as invalid
(requiring revision), while the remaining items are deemed valid. The
reliability index is 0.80, which falls into the ideal category. The
analysis of item difficulty levels reveals that one item is categorized
as difficult, nine items as moderate, and two items as easy. Overall,
the developed algebra numeracy literacy instrument meets the criteria
of Rasch modelling, although one item requires revision. Teachers can
use this instrument as an assessment tool to evaluate students'
algebraic numeracy literacy skills in junior high school. This
instrument can also serve as a model for developing numeracy literacy
test instruments in other domains.
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1. INTRODUCTION

Numeracy literacy is one of the fundamental competencies that students must master
to face the challenges of the 21st century, particularly in the context of the Minimum
Competency Assessment, which emphasizes the ability to reason using mathematical
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concepts to solve problems [1]. One important domain of numeracy literacy is algebra, since
algebra serves as the foundation for mastering advanced mathematical concepts and is
connected to various disciplines [2], [3]. However, several studies indicate that junior high
school students in Indonesia continue to face challenges in grasping algebraic concepts and
applying them in numeracy [4], [5], [6], [7].

One factor contributing to students’ low numeracy achievement is the limited
availability of valid and reliable test instruments, particularly in the algebra domain.
Previous research indicates that the availability of numeracy literacy test instruments
specifically for the algebra domain that are truly valid and reliable in Indonesia remains
limited, with development just beginning. This means that the number of numeracy literacy
test instruments that have been tested for validity and reliability in the algebra domain at the
junior high school level in Indonesia is limited and still few [8]. Instruments that have not
been thoroughly tested for validity and reliability may yield biased assessment data, thereby
failing to accurately reflect students' abilities [9]. Therefore, the development of high-quality
numeracy literacy test instruments is an urgent need, allowing teachers and researchers to
conduct accurate learning evaluations.

The Rasch Model is one approach for analyzing the quality of test instruments. This
approach enables researchers to evaluate validity, reliability, and item difficulty levels more
objectively than classical analysis [4]. With the assistance of Winsteps software, the Rasch
Model can visualize the distribution of student ability and item difficulty through a Wright
Map, ensuring that the resulting instrument can be scientifically justified [10].

This study aims to describe the quality of a numeracy literacy test instrument in the
algebra domain, specifically in essay format, for junior high school students, developed
using Rasch modeling. The novelty of this research lies in the development of a Rasch-based
algebra numeracy essay instrument specifically tested on eighth-grade students, making it
the first instrument to utilize the Rasch approach to measure algebraic numeracy literacy at
the junior high school level. The resulting instrument not only meets validity and reliability
criteria but also provides information on varying levels of item difficulty, allowing for a
deeper identification of students' strengths and weaknesses. The advantage of essays over
multiple choice in measuring algebraic numeracy literacy, from the perspective of the Rasch
Model, lies in their ability to assess students' understanding more holistically, reduce bias
that may arise from limited answer options, and provide a more accurate depiction of
students' analytical abilities and critical thinking skills in solving algebra problems.

2. METHOD

This study employs a quantitative research approach with a descriptive design. A
quantitative rather than qualitative design was selected because the goal is to objectively and
systematically measure and describe the quality of a numeracy-literacy test instrument in the
algebra domain. Data are collected in numerical form or as scores that can be statistically
analyzed [11]. The study focuses on developing a test instrument whose validity and
reliability can be examined and that measures students’ numeracy skills in a structured and
measurable manner through psychometric analysis [12], [13], [14].




https://doi.org/10.58421/gehu.v4i4.736 2311

A quantitative approach was chosen because the test instrument developed is based
on Rasch modeling, which requires statistical analysis to assess validity, reliability, and item
difficulty levels [13], [15], [16]. Using this approach, researchers collect numerical data
(e.g., students’ test scores) and analyze them to determine how well the instrument measures
students’ numeracy literacy [12], [17].

In contrast, a qualitative approach focuses on an in-depth understanding of
phenomena or contexts through techniques such as interviews, observations, or text analysis
and does not produce numerical data suitable for statistical analysis [11]. Because this study
centers on instrument development and statistical analysis of test results, the quantitative
approach is the most appropriate to achieve these goals [11], [13].

Meanwhile, the descriptive approach is not intended to accept or reject hypotheses
but rather to describe the situation under study [18]. Thus, the descriptive-quantitative
method is used to describe the quality of the numeracy-literacy test instrument in the algebra
domain for junior high school students, developed based on Rasch modeling [12], [16]. The
research was conducted at a junior high school in Cirebon Regency, Indonesia. The
population in this study consisted of 34 eighth-grade students selected by the teacher.

Problem assessment: Teachers have not utilized specific assessments to
No instrument has been developed yet to measure numeracy literacy skills, particularly in
measure students' numeracy literacy skills, the algebra domain, resulting in suboptimal
particularly in the domain of algebra. assessment conduct.

A

Determining the skills to be measured and how to <
construct the instrument

v
Solution: developing a
valid and reliable
numeracy literacy
instrument in the algebra

Reviewing the instrument domain

Determining indicators and instruments types "

Developing instrument items

A

Conducting test

A

Analyzing the instrument

Taking measurements F

Analyzing and interpreting measurements results <

A

Figure 1. Research Procedure [19]

The research procedure consisted of three main stages: the development of the test
instrument, a limited trial of the instrument, and an evaluation of its quality using Rasch
model analysis with the assistance of Winsteps software, as illustrated in Figure 1. In the
initial stage, instrument development was preceded by identifying the core student
competencies in mathematics, specifically numeracy literacy. An essay-type format was
selected for the instrument, as it enables students to convey their problem-solving strategies
and demonstrate their understanding through mathematical language.
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Table 1. Numeracy Literacy Indicators

Numeracy Literacy Indicators

1  The ability to use various types of numbers or symbols related to basic

mathematics in solving everyday problems.

2 The ability to analyze information in various forms (graphs, tables, charts,

diagrams, etc).

3 The ability to interpret the results of problem analysis to make predictions

and decisions.

Source: Kemendikbud [20]

The outline for the Algebra numeracy literacy test for grade 8 can be seen in the

following table 2:

Table 2. The Outline for Algebra, Numeracy, and Literacy Test for Grade 8

Domain Sub- Context Competency Cognitive Numeracy Question Indicator ~ Question
Domain Level Literacy Number
Indicator
Algebra  Equations Socio- Solve linear  Applying The abilityto  Students use various la
and Cultural  equations  and (C3) use various types of numbers or 1b
Inequalities inequalities with types of symbols related to
one variable and numbers or one-variable linear
systems of linear symbols equations to solve a
equations  with related to problem of buying
two variables. basic and selling
mathematics ~ medicine/multivita
in solving mins at a pharmacy.
Applying  everyday Students use various 1c
(C3) problems. types of numbers or 1d
symbols related to
two-variable linear
equations to solve a
problem of buying
and selling
medicine/multivita
mins at a pharmacy.
Relations Socio- Generalize Reasoning The abilityto  Students generalize 2a
& Cultural  patterns of (C6) interpret the number sequence 2b
Functions number results of patterns in problems
sequences and problem related to electric
object analysis to motor production.
configurations. predict and
make
decisions.
Socio- Present, analyze, Reasoning The abilityto  Students analyze 3a
Cultural  and solve (o] analyze problems related to 3b
problems using information the percentage of 3c
relations, in various battery charging on 3d
functions, and forms Android phones
linear equations (graphs, presented in the
along with their tables, charts, form of a graph.
graphs. diagrams,
etc.)
Ratio & Socio- Solve everyday Reasoning The ability to  Students analyze 4a
Proportion  Cultural  problems related (C4) analyze problems related to 4b
to rates of information the rate of change in
change. in various price and discounts
forms on clothing
(graphs, presented in the
tables, charts, form of a table.
diagrams,

etc.)
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1. Observe the following text about buying and selling medicine at a pharmacy! 2. Observe the following text about electric motorbike production!

Pharmacy “Sumber Waras™ provides various types of medicines and multivitamins. In the post- Hiroshima Company, which operates in the manufacturing and trading of electric vehicles, produces
pandemic era, we need additional multivitamin intake to maintain our immune system, The multivitamins ~ electric motorbikes. Each month, the company can produce a different number of electric motorbikes
provided by Sumber Waras Pharmacy include Imboost, Renovit, Enervonce, Wellness, and Nutrimax. dcpcndllng on the qun\bcr °r production days in that mgntl\ (mo produc(\c.m on public holidays). The

Sumber Waras Pharmacy has many customers. Customers state that the prices of medicines and  Production of electric motorbikes follows a pattern shown in the image below.
multivitamins sold at this pharmacy are cheaper than those at other pharmacies. The price of 1 box of
Imboost containing 10 tablets is IDR 65,000, while the price of | bottle of Renovit containing 30 tablets is HIROSHIMA COMPANY
g)R 1?‘000 mElectric Matorbike Production (units)

uestions:

a. Determine the price per tablet of the Imboost and Renovit multivitamins!
b. It is known that the price of 8 Enervonce multivitamin tablets is equal to the price of 4 Renovit

multivitamin tablets. Determine the price of | Enervonce tablet! '
The price of 3 Wellness multivitamin tablets and 5 Nutrimax multivitamin tablets is IDR 56,000. The s E00P - -
price of 1 Wellness tablet is 3 times the price of 1 Nutrimax tablet. Based on these statements, create a
mathematical model!
‘What is the price per tablet for the Wellness and Nutrimax multivitamins? Questions:
a. Determine the number of days required to produce 11,000 electric motorbikes!
b. How many electric motorbikes are produced if the company conducts production for 25 days in a

I

1day 3days Sdays 7days 9days

&

month?
3. Understand the following text about charging a phone battery! 4. Understand the follow ut buying clothes!
Budi is charging his Android phone. The following is a graph of battery capacity (percentage) over Mrs. Ovi and her d ed “LARIS™ Store on the weekend. Mrs. Ovi wants to buy some clothes
time (minwtes) while charging Budi's Android phone. that fit her daughter's ze. The following is the size chart for cotton women's shirts sold at
“LARIS” Store.
> 0 Size Chart for Women's Cotton Shirts
T 100 Women's Cotton Shirts
2z 0 M Size Shit | Chest | Shoulder | Sleeve
2w o 70 80 Length | Width Width Length
58 pa S0 (cm) (em) (cm) (em)
= 0 10 20 10 a0 S 66| 46 | 36 36
M 68,5 48,5 37 57
Time (minutes) I 71 31 i SR
XL 735 | 535 | 39 59
Questions: XXL 76 56 40 60

a. What percentage of battery capacity remained when charging started?

b. If the phone battery is completely empty (0%), how many minutes does Budi need to fully charge his
phone battery?

e. To maintain battery condition, Budi enly starts charging when his phone battery is at 20%, He charges
his phone battery twice a day. In a month (30 days), how many wans of electricity does Budi use if 1

hour of charging requires 10 watts? - .

d. 1f the electricity price per kWh for 900 VA power is IDR 1,352, how much does Budi have to pay for Size Shirt " Sleeve
electricity used to charge his phone battery over one month (30 days)? Length | Width | Width | Length
(em) (em) {em) (em)

LS o0 | 43 | a2 19

M o6 48 | 43 20

i 4 1 0 60 47 2
Image of T-Shirt XL i3 63 50 24
(Source: tripadvisor.co.id) XXL 75 66 50 25

Note:

The seller informs that for the same size, cotton shirts require more fabric than t-shins. This is

cotton fabric is not stretchy and needs to be made looser 1o be comfortable to wear, while t-shirts a

and fit the body. It is known that the ratio between torso length and total body height is 3:8. The tos

body without arms and legs (shirt length).

Questions:

a. 1If Mrs. Ovi's daughter is 176 em tall, which shirt fits her?

b. Mrs. Ovi wants to buy a t-shirt for herself. If she is 160 cm tall, what size t-shirt should she buy? Explain
your answer!

Figure 2. Algebraic Numeracy Literacy Test Instrument

The review stage concerns the process of selecting a mathematics topic. In this case,
the algebra domain was selected based on Minimum Competency Assessment results from
several junior high schools in Cirebon Regency (Indonesia), which indicated that the domain
is in need of improvement. The number of test items was expected to align with the number
of numeracy literacy indicators presented in Table 1. Each item measures one numeracy
literacy indicator and one algebra competency based on the numeracy learning progression
in the Minimum Competency Assessment. The complete outline of the Algebra numeracy
literacy test for grade 8 in this study is presented in Table 2. The item development process
involved expert judgment regarding face and content validity.

Face validity covers aspects such as language, symbols, and the potential for
misinterpretation of sentences. Content validity, on the other hand, refers to the relevance of
the items to the numeracy literacy indicators [21]. Content validity and face validity in this
case were assessed by three experts: two mathematics education lecturers from Universitas
Pendidikan Indonesia and one mathematics education lecturer from Universitas Swadaya
Gunung Jati, as well as two practitioners, namely mathematics teachers from SMP Negeri 1
Weru and SMP Negeri 2 Sumber.

The next stage of the study involved pilot-testing the instrument with 34 students,
who were asked to respond to each test item on the worksheet. The students’ responses to
each item were then scored using a holistic rubric with a scale of 0-4. This scale was
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designed to describe indicators of ability and tier achievement criteria, as explained by
Viyanti [22].

As the final and core stage of this study, a quantitative analysis of student responses
was conducted using Rasch modeling to assess the quality of the developed numeracy
literacy test instrument. An instrument is considered “of good quality” if it meets a number
of evaluation criteria, including item fit, empirical validity, difficulty level, reliability, and
the distribution of respondents’ abilities [23]. The statistical calculations were performed
using the Winsteps software.

In the application of the Rasch model, item fit is analyzed to determine the extent to
which test items contribute to the measurement of the intended construct. Item fit is generally
evaluated using fit statistics such as infit and outfit mean square (MNSQ) [24]. The sequence
of items deemed appropriate is determined by examining the fit statistics for each item [25].
The quality of an item in the Rasch model is assessed according to specific criteria, as shown
in Table 3 [25], [26], [27], [28].

Table 3. Criteria for Determining the Quality of an Item in the Rasch Model

No Criteria Value

1 Outfit MNSQ (Mean Square) 0,5 < outfit MNSQ < 1,5

2 Outfit ZSTD (Z-Standard) —2,0 < outfit ZSTD < +2,0
3 Point Measure Correlation 0,4 < Pt Measure Corr < 0,85

Instrument items that do not meet all three criteria are categorized as “misfit” and
must be replaced. Conversely, if an item fulfills at least two of the specified requirements, it
can still be considered “fit” or suitable for use [25]. The item fit requirements based on the
instrument quality assessment system are presented in Table 4 [19], [29].

Table 4. Outfit MNSQ criteria

Item model fit mean-square range Criteria
extremes
05-15 Good
15-2 Marginal
>2,0 Poor

Table 4 indicates that an MNSQ value above 2.0 reflects a disturbance in the
measurement process, implying that the item is not functioning properly within the model
and may need to be revised or reevaluated. Values ranging from 1.5 to 2.0 suggest a moderate
misfit that is not critically problematic; in certain contexts, such items can still be considered
acceptable depending on the research objectives. An MNSQ value between 0.5 and 1.5
demonstrates that the item aligns well with the measurement model and contributes
effectively to the assessment. Conversely, an MNSQ value below 0.5 indicates that the item
provides limited measurement information, though it does not compromise the integrity of
the measurement system.

Additionally, reliability is another important aspect that influences the quality of an
item. Rasch reliability values, which range from zero to one and are often referred to as
Cronbach’s Alpha, describe the consistency of both respondents and items [30]. Reliability
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is defined as the ability of an instrument to produce consistent results when applied
repeatedly under the same conditions [31], [32]. Thus, reliability reflects both the quality of
the instrument and the accuracy of the measurement results. In the Rasch model framework,
reliability comprises both person and item reliability. Generally, an acceptable Cronbach’s
Alpha coefficient ranges between 0.70 and 0.99 [33]. The criteria for respondent and item
reliability are presented in Table 5 [24], [26].

Table 5. Person and item reliability

Person and Item Reliability Criteria
> 0,94 Excellent
0,91 —-0,94 Very Good
0,81 —-0,90 Good
0,67 — 0,80 Fair
> 0,67 Poor

3. RESULTS AND DISCUSSION
3.1. Results

Figure 2 presents the test items developed in this study. The instrument consists of
four essay questions and 12 sub-questions, designed to assess junior high school students’
numeracy literacy skills in the algebra domain. The items cover the sub-domains of
equations and inequalities, relations and functions, and ratios and proportions. Each item is
contextualized within socio-cultural settings and targets cognitive levels in the categories of
applying (C3) and reasoning (C4, C6). In addition, each item is equipped with indicators that
cover the ability to apply different types of numbers or mathematical symbols in solving
real-world problems, the skill to analyze information presented in various formats (such as
graphs, tables, charts, or diagrams), and the competence to interpret analysis results for
making predictions and informed decisions. All items were designed in alignment with the
Minimum Competency Assessment framework. Based on evaluations by experts
(mathematics lecturers) and practitioners (mathematics teachers), this test instrument meets
the criteria for face and content validity.

Performance of Students’ Algebraic Numeracy Literacy Skills
Based on the descriptive analysis of the pilot test results, the frequency distribution
of algebraic numeracy literacy scores from 34 students is presented in Figure 3 below.
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Figure 3. Frequency distribution of students’ algebraic numeracy literacy scores

Figure 3 displays six class intervals, each with a class width of 12. A total of 32% of
student scores fall within the range of 59-70, 15% within 71-82, and 12% within 83-94.
The chart indicates that students’ algebraic numeracy literacy skills are at a moderate level,
as shown by more than 50% of students scoring above 60 on a scale of 100. These findings
are not further explored, as they fall outside the scope of this study.

Item Fit Analysis and Empirical Validity

Figure 4 displays the output table generated by Winsteps, which presents the values
of OUTFIT MNSQ, OUTFIT ZSTD, and OUTFIT PT MEASURE CORR. The twelve essay
items are coded as la, 1b, Ic, 1d, 2a, 2b, 3a, 3b, 3c, 3d, 4a, and 4b in the “item” column,
corresponding to question numbers 1 through 12 in the “ENTRY NUMBER” column.
Meanwhile, the “TOTAL COUNT” column shows the number of participants in the study,
which consisted of 34 students.

Item STATISTICS: MEASURE ORDER

|[ENTRY  TOTAL TOTAL JMLE ~ MODEL|  INFIT | OUTELT EASUR-AL|EXACT MATCH|
INUMBER SCORE COUNT MEASURE S.E. |[MNSQ ZSTD|MNS KkP.| OBS% EXP%| Ttem |
e Fom t——4-——H-+--H----F-- Fom fo— \
| 11 39 34 1.01 L1701 .57 -1.68]| 49| 55.9 48.8]| 4a |
| 3 48 34 77 .1511.19 81[1.1 53| 52.9 40.4]| 1lc |
[ 12 54 34 .64 .15]1.04 25| 55| 38.2 36.1| 4b

[ 4 61 34 .49 .14(1.01 14| 57| 29.4 28.5| 1d

[ 10 61 34 .49 .1401.32 1.43]1 57| 32.4 28.5| 3d

| 6 69 34 .33 14| .86 -.67| 59| 38.2 33.6] 2b |
[ 5 79 34 .14 14| .91 -.40] 61| 38.2 30.4| 2a

| 9 89 34 -.06 14] .89 -.43| 62| 44.1 35.0] 3c |
[ 7 108 34 -.51 .1711.65 1.87]1. 62| 52.9 59.1| 3a

| 8 111 34 -.61 18] .84 -.39|2. 611 70.6 64.4] 3b |
[ 2 123 34 -1.08 .22| .87 -.21] . 521 79.4 77.3| 1b

[ 1 131 34 -1.62 .3201.44  .83]2. 34| 85.3 87.8] la

[mmm e Fmm o e - fmm o \
| MEAN 81l.1 34.0 .00 .1711.05 .1311.25 | 51.5 47.5] |
| P.SD 29.6 .0 77 .05 .29 .94 .72 [ 17.7 19.3] |

Figure 4. Output file for item analysis
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As illustrated in Figure 4 (highlighted in red), the OUTFIT MNSQ values for items
4a, 3b, and 1a are x = 0.55, 2.59, and 2.91, respectively, indicating that these items are not
fully consistent with the Rasch model assumptions. The same figure also shows that the
OUTFIT ZSTD values for all items fall within the model's acceptable range. However, the
OUTFIT PT MEASURE CORR values for items 1c and 1a are x = 0.12 and 0.15, which do
not meet the criteria of the Rasch model.

Furthermore, Table 6 summarizes the OUTFIT MNSQ, OUTFIT ZSTD, and
OUTFIT PT MEASURE CORR values along with their validity criteria. The analysis reveals
that 11 items are empirically valid, while 1 item does not meet the validity standards. This
invalid item requires revision to ensure the test instrument can effectively assess junior high
school students’ algebraic numeracy literacy skills.

Table 6. Empirical validity of the item

Item OUTFIT OUTFIT OUTFIT PT Category

MNSQ value  ZSTD value MEASURE

CORR value
la 291 1.38 0.15 Invalid
1b 0.98 0.32 0.51 Valid
1c 1.44 1.32 0.12 Valid
1d 0.88 -0.34 0.58 Valid
2a 0.76 -0.69 0.62 Valid
2b 0.75 -0.83 0.68 Valid
3a 1.32 0.68 0.49 Valid
3b 2.59 1.92 0.60 Valid
3c 0.70 -0.76 0.65 Valid
3d 1.14 0.56 0.59 Valid
4a 0.55 -1.42 0.73 Valid
4b 0.96 -0.05 0.69 Valid

Item Reliability Analysis

Figure 5 displays the reliability analysis for both respondents (persons) and items.
The KR-20 coefficient (highlighted in red) for respondent reliability is r = 0.80, which places
student reliability in the fair category. Therefore, the test items can be considered suitable
for assessing junior high school students’ algebraic numeracy literacy.

SUMMARY OF 34 MEASURED Person

| TOTAL MODEL INFIT OUTFIT
| SCORE COUNT MEASURE S.E. MNSQ ZSTD MNSQ ZSTD
| = |
| MEAN 28.6 12.0 53 27 1.01 .01 1.22 17
| SEM 1.6 .0 11 .01 08 .19 32 .18 |
| P.SD 9.0 .0 66 .04 49 1.11 1.84 1.04 |
| S.SD 9.2 .0 67 .04 50 1.13 1.87 1.05 |
| MAX. 45.0 12.0 80 40 2.08 2.06 9.90 4.49 |
| MIN. 11.0 12.0 89 25 27 -2.04 .22 -1.39 |
| = !
| REAL RMSE .30 TRUE SD .59 SEPARATION 1.94 Person RELIABILITY .79
|[MODEL RMSE .28 TRUE SD .60 SEPARATION 2.16 Person RELIABILITY .82 |
| S.E. OF Person MEAN = .11
LACKING RESPONSES: 1 Person
Person RAW SCORF-TQ-MFASURE CORRETATION =_1_.00

ICRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .80 ISEM = 4.08
STANDARDIZED (50 ITEM) RELIABILITY = .95

Figure 5. Output person reliability
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Wright Map Analysis (Person-Item Map)

The Wright map, also known as a person—item map, illustrates the alignment between
the distribution of student abilities and the difficulty levels of the test items [25]. Based on
the pilot test results, the distribution produced by Winsteps is shown in Figure 6.

MEASURE Person - MAP - Item

distribution of student distribution of student

<more>|<rare>

2 +

T

/ 23L ’

r

Students with high r
Cee 221 24L 26L |T

| Item with the highest
29L S| ‘(////////
01P 34L
1 05P + 4a
13P |
18P 25L 28P |S 1lc
04P 12p 15P 16P |
02P 20L 27P 30L | 4b Average person logit: +0.49
14p 21L M| 1d 3d
r
03p 10p 32L | 2b
33L |
11p | 2a
0 31T, +M
19L S| 3c . .
| Average item logit: 0.0
r
08P |
17p | 3a
Students with low | 3b
\\\\\\\5‘ 07p |
T|S
06P 09P |
-1 +
| 1b
r
| Item with the lowest difficulty
|T /
| la
r
r
r
Y 2 +

<less>|<freg>

Logit

Figure 6. Wright map analysis

Figure 6 shows the distributions of student abilities (left) and item difficulty levels
(right). Several points can be analyzed from the map, as follows:

First, on the upper left side of the map, there are eight students (23L, 22L, 24L, 26L,
29L, 01P, 34L, and 05P) whose ability levels are higher than all item difficulty levels
provided. This means that all eight students would obtain the maximum possible score.
Among them, student 23L has the highest ability (+1.88 logit). There are also four students
(13P, 18P, 25L, and 28P) who successfully solved ten essay items but failed to correctly
answer item 4a, which had a higher difficulty level (+1.01 logit). On the lower left side of
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the map, there are two students with low ability levels (06P and 09P), who correctly
answered only items 1b (-1.08 logit) and la (-1.62 logit). This indicates that these two
students require special attention from the teacher, as the material taught has not been well
understood when solving exam questions. In other words, a special approach is needed
beyond classical teaching methods.

Second, on the right side of the Wright map, the twelve items display a wide
variability of difficulty levels, ranging from item 4a as the most difficult to item 1a as the
easiest. This is a positive finding, as the items provide helpful information about the abilities
being tested in the students. Conversely, it would be problematic if all items were clustered
at the same ability level, for example, all in the upper right (too difficult) or lower right (too
easy). Based on student ability levels, item 4a is categorized as difficult, items 1a and 1b as
easy, and the remaining items as having moderate difficulty.

3.2. Discussion

The results of this study show that the developed algebraic numeracy literacy test
instrument meets the quality criteria based on Rasch Model analysis. Eleven out of twelve
items were found to fit the model assumptions, while one item (1a) was identified as a misfit
and thus requires revision. This finding is consistent with Sumintono and Widhiarso [34],
who emphasized that the Rasch model can detect item misfit while providing detailed
information on instrument validity. With a reliability index of 0.80, the instrument can be
categorized as having “good” quality for use as a tool to measure junior high school students’
algebraic thinking ability.

The analysis of item difficulty levels also shows a proportional distribution, with
item 4a being the most difficult, items 1a and 1b the easiest, and the remaining nine items
classified as moderate. This variation in difficulty levels is important for identifying the full
range of students’ abilities. These results align with William and Boone [29], who
demonstrated that the Rasch Model can produce a more accurate mapping of student abilities
by linking item difficulty to individual ability profiles. Furthermore, this finding reinforces
the studies of Ambarwati [35], Rusyid [36], and Sheptian et al. [37], which confirmed that
instruments with a balanced variation of difficulty levels are more beneficial for diagnostic
assessments of numeracy literacy.

Practically, this instrument is useful for teachers in evaluating students’
understanding of algebraic concepts, particularly within the context of the Minimum
Competency Assessment, which emphasizes numeracy literacy as one of the key
competencies of the 21st century. However, this study has limitations, including a relatively
small number of items and a small sample size, which limit the generalizability of the results.
Therefore, future research is recommended to expand the number of test items and involve
more diverse participants, so that the instrument’s quality can be more thoroughly tested and
its applications broadened.

4. CONCLUSION

The development of a test instrument to measure students’ algebraic numeracy
literacy is highly relevant in the educational context. In this study, 12 essay items were
designed and evaluated using Rasch model analysis, which confirmed that 11 items (1b, 1c,
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1d, 2a, 2b, 3a, 3b, 3c, 3d, 4a, and 4b) fit the model assumptions, while item 1a required
revision. Despite this misfit, the overall instrument demonstrated validity and reliability,
with a reliability index of r = 0.80, categorized as “good.” Item difficulty analysis showed
that item 4a was the most challenging, items 1la and 1b were the easiest, and the remaining
nine items were of moderate difficulty. These findings highlight the practicality of the
instrument for assessing students’ algebraic reasoning skills. Nonetheless, the study is
limited by the small number of items and respondents, underscoring the need for future
research with larger, more diverse samples.
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