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Abstract: The numeracy ability of students in Indonesia is in a low category based on PISA
results from 2000 to 2018. So, efforts are needed to strengthen numeracy skills through the
development of ethnoscience-based numeracy test instruments. The purpose of this study
was to analyze the characteristics of the ethnoscience-based numeracy test instrument using
the Rasch model. The subjects of this study were students of SMPN Arun and SMPS Sukma
Bangsa, Lhokseumawe City, totaling 123 students. The number of questions to be analyzed
in the test is 68 items. Analysis using Winsteps software. The results of the analysis showed
that the ethnoscience-based numeration instrument in this study was declared reliable. 59 of
the 68 items were said to be valid, with details of 32 valid items eligible to be used and 27
valid items needing to be revised for improvement before being used. This instrument can
be used to measure subjects who have ethnoscience-based numeracy skills in the low,
medium, and high categories, so to examine ethnoscience-based numeracy skills students

can use this instrument.
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Introduction

The era in the 21st century makes development
faster and more complex. In the era of the 21st century
where science and technology, especially technology
communication are growing very rapidly which has an
impact on free competition that is so tight in all aspects
of human life. In the tight challenges faced by society, a
paradigm shift in the education system is needed that
can provide a set of skills needed by students to face
every aspect of global life (Karatas & Arpaci, 2021;
Pratiwi et al., 2019; Widyastika et al., 2022).

The skills that students must have followed market
needs in the 21st century consist of 16 skills that can be
grouped into three categories, namely basic literacy,
competence, and character quality. Basic literacy
represents how students apply core skills to everyday
tasks (Hikmawati, 2021). Literacy ability is a
fundamental thing that must be possessed by students
in facing the global era to be able to meet the needs of
life in various situations. Literacy is the ability to read
and write (Alfin, 2018; Christison & E. Murray, 2020).
Literacy success requires the development of decoding
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skills, vocabulary, fluency, understanding, and the
development of learning strategies to construct meaning
from texts (Lysenko et al., 2019). Literacy and numeracy
skills are essential for students because these two
literacy skills are key in facing challenges in the global
era (Muliani et al., 2021).

Numerical literacy is the knowledge, abilities, and
skills possessed by students related to basic mathematics
in the use of various numbers, and symbols, analyzing
information in various forms of graphs, tables, charts,
and so on to solve practical problems in the context of
everyday life (Mahmud & Pratiwi, 2019; Megawati &
Sutarto, 2021; I. L. Sari et al, 2021). The scope of
numeracy is the ability to apply mathematical concepts
and rules in real everyday situations when the problems
are often unstructured (Mellyzar et al., 2022; Novita et
al., 2022). In general, numeracy activities have a positive
relationship with children's numeracy skill (Cheung et
al., 2021). Important numeracy skills are mastered to
reduce the risk of students' difficulties in mathematics
(Dessemontet et al., 2020; Hellstrand et al., 2020).
Mathematics as a path or counting element is used in
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subjects in developing students' critical thinking skills to
solve problems (Sellars, 2017).

Teaching mathematics in schools aims to equip
students with mathematical literacy and the ability to
use and apply mathematical knowledge in real-life
situations that occur outside of school (Abdullah &
Suhartini, 2017; Sumirattana et al., 2017). The results of a
research study in England revealed that people with low
math skills have low salaries. About 50% of men with
low math skills have low incomes because math skills
are needed in society, math skills are as important as
reading and writing skills (Desoete & Baten, 2022).

Learning numeracy literacy can be developed by
combining numeracy with the local cultural context,
context in learning can be in the form of the context of
learning motivation, national character, attitudes,
knowledge, and or scientific skills (Indrawan & I Gede
Jaka, 2021; Pinxteren et al., 2021). Learning that pays
attention to local cultural wisdom or ethnoscience is one
of the things that need to be considered in curriculum
development in Indonesia. Ethnoscience is knowledge
acquired by one's language and culture that can be
verified and this can be innovated in science-based
learning in the classroom (Imansari et al., 2018).
Puspasari et al (2019) stated that Ethnoscience is
meaningful learning that allows students to learn while
doing or "learning by doing" which allows students to be
able to connect the learning materials studied with the
context of everyday life.

Based on the results of observations made in
Lhokseumawe City Junior High Schools, namely SMPN
Arun and SMPS Sukma Bangsa, it was found that the
numeracy ability score was in the low category with an
average student test score of 46.9 (out of 149 students).
In addition, if you look at the results of the 2018 PISA
results, Indonesia is always in the bottom position, is
ranked 73rd out of 79 countries in the category of low
numeracy literacy ability with an average math score of
379 (Hewi & Shaleh, 2020). This low numeracy literacy
ability is also supported by research conducted by (R.
H. N. Sari & Ariyadi, 2017) which states that students'
mathematical literacy on understanding indicators is in
a low category and other process indicators are in the
very low category. (Winata et al., 2021) stated that the
numeracy skills of class XI MA Darul Ma'wa Plandirejo
students, Plumpang sub-district, Tuban district were
still low. It is known that 61.90% of students scored
below 50. The percentage of incorrect answers for the 3
indicators was 64.76%; 48.57% and 44.67%. (Napsiyah et
al., 2022) stated that students' mathematical numeracy
skills were still low. This is evidenced by the average
score of student test results that have been given with an
average value of 51.14 (out of 19 students), there are still
many students who get scores below the average. (Dedi
et al., 2021) stated that students' numeracy literacy skills
at the stage of understanding the problem 16% included
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in the very poor category, at the planning stage 8%
included in the very poor category, at the stage of
implementing the plan 27% included in the very poor
category, while at the stage of reviewing 0 %, including
the category of very less. So, these results indicate that
the ability of students to solve PISA-type questions is
still relatively low.

The problems in this study were reviewed based on
observations in the field, PISA results from 2000 to 2018,
and several studies that stated the low numeracy skills
of Indonesian students. To overcome low numeracy
skills, it is necessary to strengthen numeracy skills. The
strengthening of numeracy carried out in this study was
through the development of an ethnoscience-based
numeracy test instrument. The purpose of this study
was to analyze the characteristics of the ethnoscience-
based numeracy test instrument using the Rasch. The
Rasch model is used to prove that the instrument has a
high level of validity and reliability. This is because the
use of the Rasch model is a solution to the validity
problem where the Rasch model provides useful
statistics and offers convenience to investigate validity
and reliability (Krisanda & Harjito, 2021; Napitupulu,
2017).

Method

This study focuses on analyzing ethnoscience-
based numeracy test instruments using the Rasch model.
This type of research is quantitative. The subjects of this
study were students of SMPN Arun and SMPS Sukma
Bangsa, located in Lhokseumawe City, totaling 123
students. The number of questions to be analyzed as a
test instrument is 68 items. The questions used refer to
the minimum competency assessment (AKM). The
difficulty level of the questions starts from very easy,
easy, difficult, and very difficult. The test results in the
form of scores were analyzed using Winsteps software.
From the output of the Winsteps software, several
parameter items are obtained that fit the Rasch model.
Parameters are seen in the form of validity, reliability,
and level of difficulty of the test. Cronbach's alpha value
is the result of the overall item reliability test (Azizah &
Sapti, 2020). The logit value on the item measure is the
result of the item difficulty level test. Meanwhile, Outfit
MNSQ, Outfit Z STD, and the correlation value of the
item with the question as a whole show the limit of items
that are declared fit with the model. That is if the Outfit
MNSQ value is between 0.5 to 1.5; the Outfit ZSTD value
is between -2.0 to 2.0, and the item correlation value with
a total score is between 0.4 to 0.85 to measure the results
of item validity.
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Result and Discussion

This research was conducted to find data and
information that can be used in analyzing the quality of
the ethnoscience-based numeration test instrument
empirically using the Rasch model. The Rasch model
aims to develop objective measurements, by applying
the right basic principles including 1) carrying out an
appropriate estimation process; 2) giving a linear
measure; 3) resolving lost data; 4) producing
measurement instruments that are independent of the
parameters studied; 5) find data that is not appropriate
(misfits) or not common (outliers) (Khine, 2020).
Analysis of the quality of test instruments is an activity
carried out to examine each item of the instrument by
collecting information from student answers to obtain a
quality instrument (Ayub et al., 2020). The analysis of
ethnoscience-based numeration instruments is seen
from several aspects including reliability, validity, and
the level of difficulty of the instrument, with the help of
the Rasch model and Winsteps software. The data
analyzed in this study is data from the test results of an
ethnoscience-based numeration instrument consisting of
68 multiple-choice questions that have been tested on
123 junior high school students in the city of
Lhokseumawe. The research data analyzed using Rasch
modeling in detail are as follows:
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Instrument Validity

The first analysis performed on the test instrument
is constructed validity analysis. In the analysis using the
Rasch model, the interpretation of construct validity and
content validity measurements can be evaluated more
precisely. Instrument validity is used to test whether
ethnoscience-based numeracy instruments can be used
to measure students' numeracy skills. The quality of the
items from the validity aspect can be determined if they
meet the following criteria (Sumintono & Widhiarso,
2015) (a)The outfit MNSQ (Mean Square) value received
is: 0.5 < Outfit - MNSQ < 1.5 (b) outfit ZSTD Value (Z-
The accepted standards are: -2.0 < ZSTD < +2.0 (c)
measure Corr (Point Measure Correlation): 0.4 < Point
Measure Corr < 0.85

Based on the results of the measure order

analysis, it is known that there are four questions in the
“maximum measure”, namely questions number 14, 42,
67, and 68 which means that these four questions cannot
be maintained because none of the students can answer
the questions because they are too difficult. The
questions that can still be defended for re-examination
are 64 questions. The results of the analysis showed that
all items that met the MNSQ value obtained a value of
0.5-1.5 with good criteria for measurement. Based on the
ZSTD value analysis shown in the table, instrument item
number 8, 9,11, and 12 did not meet the criteria.

Table 1. Results of ZSTD value analysis (Sumintono & Widhiarso, 2015)

Value ZSTD Implications for Measurement No Item
>3.0 Data is not expected if it fits the model 8
20-29 Data seems unpredictable 9,11,12
-1,9-19 Data has logical approximations 1,2,3,4,5,6,7,10,13,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,
32,32,33,34,35,36,37,38,39,40,41,43,44,45,46,50,53,55,56,57,58,59,

62, 63,64,65,66 -2

<20 Data is too predictable 47,48, 49, 51, 52,54, 60, 61

Table 2. The results of the analysis of the Pt-Measure Corr (Alagumalai et al., 2005)

Pt-Measure Corr Value Measurement Criteria

No Item

>4 Very Good

0.3-0.39 Good

0.20-0.29 Enough

0.00-0.19 Unable to discriminate against

< 0,00 Require re-examination

32, 34, 40, 46, 47, 48, 49, 50, 51 , 52, 53, 54, 55, 56, 59, 60,
61,

31, 38, 41, 44, 62, 65

10, 17, 18, 20, 21, 23, 30, 35, 39
1,2,34,5,6,7,13,15,16,19, 22, 24, 25, 26, 28, 29, 33, 36,
37,43,45, 57, 58, 63, 64, 66

8,27

Pt-Measure Corr data analysis shows that two
instrument items require re-examination, namely 8 and
27. If the item meets the three criteria, it can be said that
the item is "Valid" and can be used for sure, whereas if
the item only meets two criteria or one criterion, the item
can still be maintained with slight revisions so that it is
still categorized as " valid” and can be used after being
revised, but if it does not meet the three criteria, it can be
said The items are categorized as "invalid" so they
cannot be maintained and used. The results of the item

fit analysis include the MNSQ value, ZSTD value, and
the Pt-Measure Core value, obtained 9 item instrument
questions with numbers 8, 9, 11, 12, 14, 27, 42, 67, and 68
invalids and cannot be maintained. Valid and usable test
instruments are 59 questions with details of instruments
with valid criteria totaling 32 questions with numbers
10,17,18, 20, 21, 23,30, 31, 32, 34, 35, 38, 39, 40, 41 , 44, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 59, 60, 61,62, and 65.
While 27 consists of numbers 1, 2, 3,4, 5, 6,7,13,15, 16,19,
22,24, 25,26, 28, 29, 33, 36, 37, 43,45, 57, 58, 63, 64, and
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66 need to be revised for improvement before being
published and used.

Instrument

Reliability Reliability is a value that indicates an
instrument is reliable or trusted so that even if it is used
many times it will produce the same or consistent
results. The value of the reliability coefficient is
expressed in numbers that indicate the level of reliability
empirically. A reliable measuring instrument if the
correlation coefficient between the results of measuring
two parallel tests is high, then the consistency between
the two is getting better. The interpretation of Item
Reliability and Person Reliability value criteria is shown
in Table 3.

Table 3. Reliability Criteria in Rasch Modeling

Reliability Value (Person/Item) Interpretation
>0.94 Special
0.91-0.94 Very
0.81-0.90 Good
0.67-0.80 Enough
<0.67 Weak

Table 4. Reliability Test Interpretation based on

Cronbach Alpha

Value Cronbach Alpha Interpretation
>0.8 Very Good
07<<08 Good
06<<07 Enough
05<<06 Poor
<05 Very Poor

The reliability of respondents' answers can be seen
from the output Summary Statistics presented in the
Figure 1.

SUMMARY OF 123 MEASURED Person

| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD
= mm s |
| MEAN 21.2 68.0 -1.14 .31 1.00 .0 .98 .0
| s.o. 6.5 .0 .63 .02 .18 1.4 .58 .9
| mAx. 39.0 68.0 .50 .43 1.99 6.5 6.16 6.8
| mIn. 7.0 68.0 -2.81 30 .70 2.7 51 -1.7
I .............................................................................
| REAL RMSE .32 TRUE SD .54 [SEPARATION 1.66' Person RELIABILITY .73
|MODEL RMSE .31 TRUE SD .54 SEPARATION 1.73 Person RELIABILITY .75

| S.E. OF Person MEAN = .06 |

CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .74
SUMMARY OF 68 MEASURED (EXTREME AND NON-EXTREME) Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE ~ ERROR MNSQ  ZSTD  MNSQ  ZSTD |
............................................................................. |
| MEAN 38.3 123.0 .30 39 |
| s.p. 27.8 2] 1.97 42 |
| MAX. 110.0 123.0 5.06 1.83 |
| MIN. .0 123.0 3.43 19 81 3.3 64 3.0 |
[ oo ooaa |
| REAL RMSE .57 TRUE SD 1.89

|MODEL RMSE .57 TRUE SD 1.89' SEPARATION 3.33IIItem RELIABILITY .92'
| S.E. OF Item MEAN = .24 |
Item RAW SCORE-TO-MEASURE CORRELATION = -.91

7872 DATA POINTS. LOG-LIKELIHOOD CHI-SQUARE: 7584.62 with 7686 d.f. p=.7927
Global Root-Mean-Square Residual (excluding extreme scores): .4013
Capped Binomial Deviance = .1972 for 8364.0 dichotomous observations

Figure 1. Summary of Rasch Modeling Statistics
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Summary statistics provide overall information
about the quality of the instruments used, the quality of
respondents, as well as the interaction between persons
and items. Based on the data in Table 5. above, it can be
explained that the reliability in the Rasch modeling
analysis is divided into three parts, namely 1)
respondent reliability, 2) item reliability, and 3) overall
reliability. The Person Reliability value is 0.73 which is
included in the "enough" category and the Item
Reliability value is 0.92 in the "very good" category.
While the overall reliability is shown by the Cronbach
Alpha value which measures the reliability of the
interaction between the person and the item about the
instrument as a whole, it obtained a value of 0.74 with
the "good" category.

Rasch modeling can also be used in analyzing the
level of individual abilities to distinguish the abilities of
students who can answer questions and those who are
unable to answer questions. In addition, it can also be
used to identify groups of respondents based on the
respondent separation index. The greater the value of
item separation, the better the quality of the instrument,
because it can identify groups of respondents and
groups of items. To find out the grouping more
accurately, the strata Equation 1.

H = [(4xSeparation)+1 (1)
3

Based on the data in table 5, it is known that the
instrument item separation value is 3.32, so the value of
H=4.76 is rounded to 5, this indicates that There are five
groups of questions. Meanwhile, for the respondents, a
separation value of 1.66 was obtained with H=2.55
rounded up to 3, which indicates that there are three
groups of respondents. So, this instrument can be used
to measure respondents who have ethnoscience-based
numeracy skills in the low medium and high categories.

Instrument Difficulty Level (Item Measure)

A test instrument is said to be feasible if it can reach
all respondents' abilities and respondents can reach all
instrument difficulty levels. To find out the level of
difficulty of the test instrument, we can see through the
logit value of the item measure. In Rasch modeling, the
difficulty level of the items is categorized based on the
Logit Measure and the Logit item Standard Deviation
(SD) value and is divided into four categories as shown
in Table 6 (Sumintono & Widhiarso, 2015).

Table 6. Criteria for Difficulty Level of Items with Rasch
Modeling
Measure value (logit)

Interpretation of Difficulty

Item Item
Measure logit > SD logit Very difficult item
0<Measure logit< SD logit Difficult item
-SD Measure logit 0 Easy item

Measure logit < - SD logit Very easy item
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Based on the data analysis that has been done
Information on the grouping of items based on the level
of difficulty is obtained as shown in Table 7.

November 2022, Volume 8, Issue 5, 2176-2183

Table 7. Distribution of Item Difficulty Levels with Rasch Modeling

Measure Value (logit) Interpretation  of Item Number of Items
Difficulty

Measure logit > SD logit Very difficult 13 items

(14, 42, 67, 68, 25, 28, 37, 66, 36, 29, 58, 63, and 2)

0<Measure logit< SD logit Difficult items 19 items

(64, 26, 43, 56, 27, 45, 59, 15, 57, 46, 53, 13, 44, 65, 55, 1.54, 50,

and 5)

-SD Measure logit 0 Easy items 33 items

Measure logit < - SD logit Item very easy

(51,22, 24, 52, 61,48, 49, 16, 60, 11, 12, 8, 62, 30, 10, 41, 47, 9,
7,33,39, 35,21, 20, 23, 6, 18, 34, 38, 40, 19, 32, and 31)

3 items

(17,3, and 4)

Data analysis of research results using the Winsteps
program provides information both in terms of items
and respondents to the ethnoscience-based numeration
test instrument which is analyzed using Rasch
modeling. Some of the characteristic components of an
instrument being analyzed include validity, reliability,
measuring the power of the instrument, instrument
validity, level of difficulty, and the quality of the
instrument in measuring several groups of subjects.
Assessment instruments analyzed using Rasch
modeling can discuss instrument assessments more
specifically. Efforts to determine student competence in
a material can be obtained by focusing on the discussion
of the test instrument material. In this article, the author
analyzes an ethnoscience-based numeracy test
instrument.

The analysis of the validity of the ethnoscience-
based numerical instrument in the Winsteps program is
called the fit and misfit test (valid and invalid items),
which can be done by analyzing the output of the item
fit order. Item fit can explain whether the items function
normally to take measurements or not. Outfit means-
square, outfit z-standard, and point measure correlation
are the criteria used to see the level of item fit (Boone et
al., 2013). From all test instruments analyzed by Rasch
modeling, it was found that there were 9 items with
numbers 8, 9, 11, 12, 14, 27, 42, 67, and 68 that did not
meet the three validity criteria including MNSQ outfit,
ZSTD Outfit, and Point Measure Correlation (Pt
Measure Corr), so it can be said that the item is invalid
(Misfit) so it cannot be maintained and is not suitable for
use. Meanwhile, for other items, because they meet at
least one criterion to be said to be a fit or valid item, the
value of other items that do not match the two existing
criteria but meet one criterion can still be said to be a Fit
or valid item and can still be maintained for use in
research. Of the 68 instrument items, 59 items were
obtained that were declared valid, with details of 32
valid items eligible for use and 27 valid items that

needed to be revised for improvement before being
published and used.

Reliability is the constancy or determination of a
measuring instrument in measuring what is being
assessed. A reliable instrument is if the measurement
results using the instrument provide stable and
relatively the same results (Sumintono & Widhiarso,
2015). Through Table 5, which is the Summary Statistics
output for the ethnoscience-based numerical
instruments in the results above, the following can be
observed (1) Cronbach's alpha value (measuring
reliability, namely the interaction between respondents
and items) is 0.74 with the interpretation of the score
including the criteria "Good". So, the instrument used
can be said to be reliable. (2) The Person Reliability value
in the output above is 0.73 which indicates that the
consistency of the answers from the respondents is said
to be "Enough". While the Item Reliability value of 0.92
indicates a "very good" value criterion so that it can be
said that the quality of the items used in the instrument
is reliable. (3) The grouping of people and items can be
seen from the separation value. If the value of separation
is greater, the quality of the instrument in terms of
overall respondents and items is better, because it can
identify groups of respondents and groups of items.
Based on Table 5. The score of separation items is 3.32,
and the value of H=4.76 is rounded to 5, this shows that
there are five groups of items. As for the separation of
persons, the score is 1.66 with H=2.55 rounded up to 3,
which indicates that the group of persons can be divided
into three groups of persons. So this instrument can be
used to measure subjects who have ethnoscience-based
numeracy skills in the low, medium, and high
categories.

Based on the results of the analysis above, the
interpretation of Cronbach Alpha is 'good'. This shows
that there is a match between the item and the person
(respondent). Then the consistency of answers from
respondents (personal reliability) can be said to be
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'enough' with the quality of the instrument items (item
reliability) being 'very good. So it can be concluded that
the researched ethnoscience-based numeration
instrument can be said to be reliable.

The results of the analysis of the difficulty level of
ethnoscience-based numerical instruments for each
category are very difficult, there are 13 questions, 19
questions are difficult, 33 questions are easy, and 3
questions are very easy. From the data analysis, it was
obtained 4 questions that were in the "maximum
measure" namely questions number 14, 42, 67, and 68,
which means that these four questions cannot be
maintained because they are too difficult and none of the
students can answer the question. Different levels of
item difficulty are required to identify different abilities.
In very difficult category questions, the percentage of
respondents who answered correctly tended to be the
lowest compared to other question categories. However,
the categories of questions are difficult, easy, and very
easy, and the percentage of students who answer
correctly tends to vary with several possibilities, such as
respondents answering questions by guessing. This
possibility can occur in several questions that are
classified as: difficult, easy, and very easy because of the
pattern of presentation of the questions or differences in
the level of ability of the respondents. Overall, from the
results of the research data analysis, it was found that
the ethnoscience-based numeration instrument in this
study was declared '"reliable" and 59 of the 68 items
tested were declared "valid".

Conclusion

The use of the Rasch model in analyzing the
characteristics of  ethnoscience-based = numerical
instruments produces specific and holistic information
about the instrument under study. Based on the results
of the analysis, it was found that the ethnoscience-based
numeration instrument in this study was declared
reliable. 59 of the 68 items were said to be valid, with
details of 32 valid items eligible to be used and 27 valid
items needing to be revised for improvement before
being used. This instrument can be used to measure
subjects who have ethnoscience-based numeracy skills
in the low, medium, and high categories, so to examine
ethnoscience-based numeracy skills students can use
this instrument.
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