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Abstract. This research aims at comparing ge estimation statfffly of participants” abilities on
scientific literacy test based on the integrated Sciences using Rasch Dichotomous Model and
One-parameter Logistic Model (1-PL IRT). The research data was the responses of scientific
literacy test based on the integrated Sciences involving 310 students joining the Mathematics
and Natural Sciences Programs at SMA N 2 and SMA N 3 Tegal City, Indonesia. The estimation
of test participants’ abilities with those two models was assisted with the eRm package and ltm
package contained in the R program version 4.0.2. The next stage included analyzing mean,
median, and variance of the estimation scores resulted from both models. Bootstrapping was
then conducted to the parameter estimation using the new samples which have the same size with
the original samples starting from 500, 800, 1000, 1500, 2000 2500, 3000 to 4000. The research
result showed that the estimation of participants’ abilities in scientific literacy test based on the
integrated Sciences using the Rasch Dichotomous Model was more stable than that using the 1-
PL IRT seen from both bias and error standard. This means that Rasch modeling on high-stakes
test assessments is more precise than using the One-Parameter Logistic Model.

1. Introduction
o modern psychometric theories used in the recent education and social science assessments are
asch model and Item response Theory [ 1]. The use of Rasch model and I[tem Response theory in high-
stakes situation tests has given adequately effective results from the psychometric aspects with some
paradigm differences [2]. Item response theory (IRT) generally refers to three probabilistic
measurement models consisting of One-parameter Logistic Model (identical with the dichotomic Rasch
model), 2- Logistic Model parameter, and 3- Logistic Model parameter named after the number of
parameter items estimated in each model. Those three models can be determined from one probabilistic
function for the presence of the correct answers by someone to one item. The probability function of
someone answering correctly in the 1-PL IRT model is formulated as follows:

oo

132D(@-bD) °

P(0) = i=123..n (1)

Where:

Pi(0) = Probability randomly chosen by the examinee with the ability of 6 answers item | correctly
bl=Item | difficulty parameter

n = number of item in the test
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D= a scaling factor introduced to make the logistic function as close as possible to the normal o give
function, D=1.7 [3, 4, 5]

The simplest Rasch Model is the dichotomous scoring. The dichotomous test items are test items in
which the answers consisting of two categories, such as true-false, correct-incorrect, good-bad, and
others. The multiple choice test form generally uses the dichotomous scoring. The dichotomous Rasch
Model is explained in the following equation 2.
o8-bi

P(6) = 1=123 ..n(2)[678]

1+eb-bi '

Rasch Model is basically the 1-PL IRT model with D=1. It shows that the use of Rasch Model does
not require the normality assumption either for the participants’ abilities or the test items” difficulty
levels.

The use of Rasch model according to some experts is considered more objective than that of One-
parameter Logistic Model in analyzing the dichotomous test responses. This is caused by some elements
including: (1) Rasch modeling does not require the normality assumptions either to distribute the
difficulty levels or to distribute the test participants” abilities, (2) the sample minimum gpe to estimate
the parameter in the Rasch modeling is much smaller than the sample siza used in One-parameter
Logistic Model [9]. The use of One—pammetetg_ogistic Model is basically looking for the most
appropriate model with the existing data, so that if the data do not fit with the model, the other model
with more parameters will be selected. Meanwhile, in QE: use of Rasch model, model is the
operationalization of the basic measurement requirements. If the data do not fit with the model, the
unfitness reason will be investigated as anomaly [10]. In other words, the implementation of One-
parameter Logistic Model or item response model is generally descriptive since aiming at adjusting the
model with the data. Conversely, Rasch model is prescriptive since emphasizing on the data adjustment
to the model [11].

According to Mok and Wright, Rasch model is also considered as the most satisfying model since at
least meeting the requirements as an ideal model by fulfilling five criteria: ( 1) resulting in a linear size
with the same interval, ( 2) precise estimation process, (3) identifying the inappropriate (misfits) or
extraordinary (outliers) items, (4) having the ability to cope with the missing data, (5) resulting in an
independent measurement from the parameter under study [12]. In addition, Rasch model is considered
having the ability to convert the learning achievement result scores or the other psychological attribute
measurements from the ordinal scale to interval scale [13,14,15].

Rasch model as a measurement model in which during this time is considered as the most objective
one, especially when compared with the use of 1-PL IRT model or the other IRT models, is necessary
to be proven its effectiveness, especially in the parameter estimation precision either for the item
parameter or test participant parameter. The parameter estimation precision covers both accuracy and
precision aspects. Accuracy shows the close relationship between the estimation result and the real
scores, while precision shows how close the score differences when the estimation repetition is
performed. One of precision measurements in the test participant parameter estimation is the score
stability parameter when the estimation is repeatedly performed with the same samples. This research
aims at revealing how far the test participant parameter estimation stability in the use of Rasch model
when compared with that of 1-PL IRT model.

2. Method

To achieve the research objectives, some stages are performed: (1) determining the empirical data
used, (2) estimating the test participants’ abilities in the empirical data by using the Rasch model and 1 -
PL IRT model (3) Determining a method to analyze the test participant parameter estimation stability,
and (4) determining the test participant parameter estimation stability indicators.

The empirical data used are the responses of XII Grade Mathematics and Natural Sciences (MIPA)
Prograr@gtudents of Senior High School during the science literacy test based on the integrated Sciences
held at SMAN 2 and SMAN 3 Tegal City. The test was held on 11 February 2020 and 21 February

[¥]
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2020. This science literacy test was designed as the minimum competency g% to the science literacy
mastery with the standard of PISA 2015 and presented by analyzing 14 Eemes of the integrated
mathematics and natural sciences given. Each theme consisted of three items that simultaneously the
test contained 42 items. Before the test was used, it had been previously tested to 112 test participants.
By using the Messick validity and the implementation of Rasch Model, the instruments were considered
valid [16]. The test results were used as one requirementf@r the Senior High School students to graduate
from the Mathematics and Natural Sciences Programs of SMAN 2 and SMAN 3 Tegal city. The test
objective and design showed that the test is classified into high stakes test. The high stakes test was used
to fulfill the assumptions to the utilization of Rasch Model and 1-PL IRT model. 310 students
participated in the test and fulfilled the minimum adequacy in the parameter estimation when using the
Rasch Model and 1-PL IRT model [17,18,19].

The test participant ability estimation with the Rasch model and 1-PL IRT model each used the eRm
and ltm packages available in the R program version 4.0.2. The next stage was determining the
descriptive statistic parameters, such as mean, median and variance from both ability score distribution
types. To figure out the parameter estimation stability, the resampling-based method known as
Bootsrapp method was used. Boostrapp method is basically a nonparametric technique to simulate a
parameter distributon [20,21]. The use of this Bootstrap method can reduce the sampling error impact
of error carryover at the score interval estimation [22,23 ]. Furthermore, the use of Bootsrapp method
was due to the parameter distribution assumption differences of both test participant response models in
which the test participant parameter in Rasch model did not have a certain distribution, while the 1-PL
IRT model required the normal or parametric distribution requirement. The B ootstrapp method resulted
in the statistical inferences in the form of error and bias estimation standards, trust interval, and
hypothesis test without assumption, such as the normal or same variance distribution requirement. Thus,
the bootstrap method can be more accurate that the classical conclusion based on the normal or t
distribution [24].

The next stage was performing the bootstrapping to the mean, median, and variance estimation from
both score distributions using new samples possessing the size same with the original samples. The
total samples used were from 500, 800, 1000, 1500, 2000, 2500, 3000 up to 4000. The estimation
stability used the resulted bias and error standard measurement. The bootstrapping analysis was
conducted and supported with the SPSS program version 21. The bias showed the mean statistical
differences between all bootstrapp samples and the original samples. The error standard showed the
error standard from all mean scores of bootstrap samples. Smaller error standard and bias scores in both
score distributions (Rasch model and 1-PL IRT Model) showed higher stability.

3. Result and Discussion

The data analysis was started by estimating the descriptive statistical parameter of the test participants’
abilities using the Rasch model and 1-PL IRT Model. Furthermore, the test participant ability
distributions were then estimated based on mean, median, standard deviation, and variance as presented
in Table 1.

Table 1. Descriptive Statistical Parameters of the participants’ abilities on science literacy test based
on the integrated mathematics and natural sciences using Rasch Model and [-PL IRT Model

Rasch Model I-PL IRT
N Valid 310 310
Missing 0 0
Mean 1422 -.0216
Median 1400 0370
Std. Deviation 57462 79363
Variance 330 630

Table 1 shows that the mean and median scores estimated using the Rasch Model gave bigger scores
than those estimated using thel-PL IRT Model. Meanwhile, the distribution measurements were
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standard deviation and variance estimated using the Rasch Model which gave smaller scores when
compared to those estimated using the 1-PL IRT Model. It means that the estimation using the Rasch
model gave the deviation scores smaller than the ability mean scores estimated using the 1-PL IRT
Model.

To figure out the parameter estimation stability, the resampling was performed that a total of 500,
800, 1000, 1500, 2000, 2500, 3000 up to 4000 samples were obtained with the same size as many as
310 participants and each mean, median and variance parameter was obtained thlalgh the boostrapping
analysis. The bias and error standard from the estimation of each sample number can be seen in Table 2
and Table 3.

Table 2. The descriptive parameter estimation bias of ability scores obtained through Resampling
using the Rasch Model and 1-PL IRT Model

parameter Model 500 800 1000 1500 2000 2500 3000 4000
Mean Rasch 0001 0008 0003 -0014 0000 0000 -.0008 0000
I-PL 0024 0002 0010 0006 -0011 0004 -.0005 0003
Medien Ragch — -0007 0008 -0018  -0018  -0020  -0010  -00145  -00178
I-PL 0597 0670 -0592  -0585  -0628  -0617  -00181  -00175
Variance  Rasch  -003 -001 000 -.001 -002 -.001 -.001 -.001
L -0 002 -.004 -004 -004 -001 -.002 -002

Table 2 shows that all sample number variations indicated that the mean, median, and variance
estimation bias of test participants’ abilities in the use of Rasch Model were smaller than those in the
use of 1-PL IRT Model. Moreover, in the sample number of 2000, 2500, and 4000, for the mean
parameter estimation had the bias reaching 0.0000 or no bias. Meanwhile, for the variance parameter
estimation, in the sample number of 1000 had the bias of 0.000 or no bias. The mean parameter
estimation has smaller bias than the median and variance in all sample numbers used. The analysis
results showed that the test participants’ abilities estimated using the Rasch Model were more stable
than using the 1-PL IRT Model from the bias aspect.

Table 3. Error Standard of Descriptive Parameter Estimation on the ability Scores Using Resampling
in the use of Rasch Model and 1-PL IRT Model

parameter _ Model _ 500 800 1000 1500 2000 2500 3000 4000
Mean Rasch 0351 0331 0337 0352 0337 0335 0336 0337
1-PL 0478 0442 0460 0449 0463 0460 0449 0468
Median Rasch 0279 0265 0286 0278 0281 0268 0273 0307
1-PL 0843 0819 0808 0817 0826 0833 0817 0825
Variance  Rasch 029 028 028 029 028 029 029 029
1-PL 047 048 048 047 048 049 048 048

Table 3 shows that all sample number variants indicated that error standard as well as mean, median
and variance estimation from the test participant’s abilities in the use of Rasch Model were smaller than
those in the use of 1-PL IRT Model. The analysis results showed that the test participant ability
estimation using the Rasch Model was more stable than that using the 1-PL IRT Model from the error
standard aspect.

The research result showed that the test participant parameter estimation using the Rasch Model was
more stable than that using the 1-PL IRT Model or it could be said that the use of Rasch Model has
higher precision in estimating the test participant parameter from the precision aspect. The research
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results also supported the excellence of Rasch model in which during this time is considered the most
objective one. However, the excellence of a model to the responses of test participants was not only
viewed from the objectivity aspect but also seen from the ability aspect in scoring [25]. The weakness
of scoring using the Rasch model has not revealed the test participant response patterns. The 2-PL IRT
and 3-PL IRT model can do more comprehensive scoring based on the test participant response patterns
[17]. Although the use of 1-PL IRT Model is similar with Rasch Model, that is, unable to reveal the test
participant response patterns, this research proved that Rasch Model had higher precision level in
estimating the test participant abilfgy parameter when compared to that using the 1-PL IRT Model.

The previous studies showe&t the use of Rasch model and 1-PL IRT Model had paradigmatic
differences [2]. Although both Rasch medel and 1-PL IRT Model are item responsive models with
similarities in their mathematical structural models used, both used a social measurement approach from
different start points. The main different is that IRT prioritizes more on data and aims at revealing the
most satisfying item responsive model in explaining the data, while Rasch model prioritizes items
intended to find items best matched with the data. The other different principle is that Rasch model
describes the interaction between variables connected with a relationship pattern, while IRT model
explains the related probability distribution with the item responses in the psychometric test as the latent
variable function [4]. Those differences should be well understood that the researchers can select the
best approach to use in accordance with the research objectives.

The benefits of both models (Rasch model and 1-PL IRT Model) are in making the estimation which
can be truly free from samples since both only use one parameter that both can meet the requirements
as an objective measurement and do the conversion from the ordinal score to the interval score [28,29].
The weakness of both models when compared to the other IRT models is related to their ability in
estimating the test participants’ ability which is still based on the total score instead of the response
pattern [30, 31].

Not many previous studies compared the use of Rasch Na:lel with 1 -PL [RT Model. The researchers
more frequently comp the use of classical test theories with the use of Rasch model or IRT Model.
Various studies showed that the use of Rasch model and IRT Model (1PL, 2PL,3PL) in the educational
and psychological measurements provide more precise results when compared to the use of classical
test theories [ 32,33,34]

4. Conclusion

The ability of participants joining the scientific literacy test based on the integrated mathematics and
natural sciences estimated using the Rasch Dichotomous Model is more stable when compared to that
using the One-parameter Logistic Model (1-PL IRT) seen from both bias and error standard. Thus, it
can be concluded that Rasch Model has higher precision level in the test participant ability parameter
estimation when compared to that using the 1-PL IRT Model. This means that Rasch modeling on high-
stakes test assessments is more precise than using the One-Parameter Logistic Model.
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