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Abstract

The present study aimed to explore and evaluate Equating methods based on the
classical test theory, with a focus on quantifying errors, as well as identifying
factors impacting the accuracy of these methods in small sample sizes. The
primary aim of this research was to compare different approaches for Equating
and evaluate the accuracy of each method, culminating in the determination of
the optimal Equating method. Consequently, two types of studies were planned,
which employed two distinct research approaches. The first study drew upon
real data derived from the California Critical Thinking Questionnaire (Forms A
and B) to compare Equating methods. The statistical population for this study
comprised all employees working in Qazvin Municipality during the year 2019.
For the simulation study, two tests were created using simulated data in various
scenarios, following the average discrimination parameter obtained from the
actual implementation of the questionnaire on a sample of 200 individuals.
Additionally, a random group sampling method was employed to ensure a fair
and independent selection of participants, resulting in two samples of 200
people each. The findings indicated that the mean Equating method yielded the
lowest error in a sample size of 50 people, while the percentile Equating method
demonstrated the least error rate in terms of the BE index for the same sample
size of 50 participants. The analysis of various indicators related to Equating
error revealed that as the sample size grew, the amount of error decreased.
Moreover, an increase in the difficulty difference between the two tests tended
to elevate the error rate in all four Equating methods.
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Introduction

One crucial aspect to consider in the use of measurement tools and
decision-making processes is fairness and justice (Asiret et al., 2016).
According to Kolen et al. (2014), test equating is defined as a statistical
process aimed at adjusting scores derived from different forms of the
same test, to ensure that they can be interchanged and used
interchangeably. The effectiveness of test equating hinges on the
fulfillment of certain assumptions related to data collection and
equating characteristics. Hambleton et al. (1985) classified these
conditions as symmetry, same specification, equity, and group linking
(Kolen et al., 2014).

Within the realm of classical test theory-based Equating methods,
there are four primary approaches utilized: mean equating, linear
equating, equipercentile equating, and Circle — Arc equating (Mechael,
2008). Comparable Equating methods are often evaluated and
compared based on various parameters and factors, such as the sample
size, ability differences between recipient groups for two test forms, test
length, a guessability factor, the difference in difficulty between forms,
data collection patterns, and the characteristics of anchor tests.

Researchers have found that the sample size has a direct impact on
the standard error of equating (Kim et al., 2008). This implies that the
larger the sample size, the smaller the standard error and vice versa.
Assessing the random error, verifying the compatibility of equating
results with previous outcomes, and examining the satisfaction of
equating assumptions (like symmetry, item equivalence, and others)
can function as bases to define an equating evaluation criterion (Kolen
etal., 2014).

Research Question(s)

Which equating method in classical test theory is considered the
most optimal?

Which of the equating methods is more likely to yield accurate
results when equating test forms?

Literature Review

There is a significant discrepancy between the available empirical
researches on equating in small sample sizes. According to Iriyadi et
al.'s (2018) study titled "Equating Methods for Small Samples," the
weighted nominal mean method is deemed more suitable than the linear
equating method. Their study revealed that the root mean square error
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in the weighted nominal mean method was found to be smaller
compared to the linear equating method. Livingston and Kim (2010)
performed a comparative analysis of Equating methods, including
equipercentile, linear, mean, and Circle — Arc equating methodologies
(both symmetrical and simple). In summary, the findings demonstrated
the efficacy of the Circle — Arc equating method in terms of its high
equating accuracy, outperforming other methods within various sample
size groups.

In a study similar to Skaggs (2005), the accuracy of Equating
methods based on random groups in very small samples was compared.
The findings suggested that, in scores lower than the mean, the mean
equating method demonstrated the highest accuracy. In scores close to
the mean, all Equating methods operated similarly. Lastly, for scores
higher than the mean, the equipercentile equating method showcased
the greatest accuracy.

In the study conducted by Parshall et al. (1995), the effect of sample
size (ranging from 15 to 100 individuals) on the stability and bias of
linear equating, when applied to two parallel test forms based on
equivalent group patterns with shared items (anchor) was investigated.
Their findings indicated that, as the sample size diminishes, a minimal
bias is observed in the equating results. Nevertheless, when it comes to
the standard error of equating, reducing the sample size
correspondingly leads to an amplification of this error.

Methodology

This research employed two different approaches, resulting in two
distinct categories of data analysis. The data was divided into two
sections: real data and data obtained through simulation, following a
pattern of random group sampling. The mentioned approach was
applied in both categories of data. The first part of this research utilized
real data derived from administering Forms A and B of the California
Critical Thinking Skills Test to assess the accuracy of Equating
methods based on classical test theory. Additionally, the results
obtained from each method were compared to ascertain which
technique proved to be the most accurate.

This study's research methodology adopts a descriptive approach.
The target population in this research includes all employees across
various occupational categories who were employed in Qazvin
Municipality in the year 2020. A total of 2048 individuals were selected
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as the sample size. Furthermore, to implement the random group
equating pattern, two independent and randomly selected samples
consisting of 200 individuals each were chosen from the population
mentioned above, employing the Cochran sample size determination
formula and a margin of error of 0.01.

For the second part of the study, two simulated tests were developed
based on various scenarios (considering sample size and difficulty
coefficients) while taking into account the mean parameter derived
from the real administration of the test for 200 participants.
Subsequently, to further analyze the accuracy of Equating methods in
small sample sizes, two extra sample groups consisting of 50 and 100
individuals were chosen and scrutinized as well.

Conclusion

This research scrutinized the performance of four Equating methods
(linear equating, mean equating, equipercentile equating, and Circle —
Arc equating) within a random group pattern, taking into account two
independent variables: sample size (50, 100, and 200 individuals) and
difficulty coefficients (0.1, 0.4, and 0.7). The results suggest a
correlation between expanding the sample size and diminishing the
error in equating methods. Consequently, the standard error of equating
was found to decrease as the sample size increased.

The most noticeable effect of sample size on bias error reduction was
observed in the equipercentile and Circle — Arc equating methods.
Moreover, increasing the difference in difficulty resulted in an
amplification of the bias error. Among the mentioned Equating
methods, the least impact was registered in the equipercentile method
and the most significant impact was evident in the Circle — Arc equating
method. With regard to the standard error of equating (SEE), all four
equating methods demonstrated a decline in error with an expansion of
the sample size, wherein the equipercentile method yielded the lowest
error. Furthermore, an increase in the difficulty difference caused a
corresponding increase in the standard error across all four equating
methods.
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