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Abstract

There is a long tradition in the ability testing literature, that response speed is
as much an indicator of ability as is the correctness of responses to items of
increasing difficulty. Therefore, this study seeks to investigate the application
of response time model in measuring cognitive ability of the children's
quantitative reasoning. To this end, a sample of 502 children from different
areas of Tehran was recruited through Multistage cluster random sampling
and evaluated with a quantitative reasoning test. To analyze the collected data,
modeling response time with the hierarchical model was used. Item and person
parameters were also estimated and interpreted. The modeling results revealed
that in addition to the response correctness parameters including
discrimination coefficient, difficulty coefficient and theta, response Time
parameters including Time discrimination coefficient, Time difficulty
coefficient and gamma also been estimated. Moreover, the estimated
parameters of the response time model compared with the 2-pl IRT model in
order to identify their main similarities and differences. Findings revealed that
there are some differences in discrimination coefficients and person’s thetas,
which indicates the power of the response time model. It is worth mentioning
that the lowest differences were observed in the difficulty coefficients.
Finally, based on the number of parameters, increasing the variance of theta
scores, and research background support, the study and application of
response time models in measuring children's cognitive abilities were
suggested.

Keywords: Response Time models, Measuring cognitive ability,
Quantitative reasoning, Item response theory

Extended Abstract

1. Introduction

In recent years, time has emerged as a key parameter in modern
psychological measurement models, leading to the development of
response-time models. These models integrate both speed and accuracy
to better estimate cognitive abilities by incorporating response time as
informative data. Historically, psychologists such as Galton and Cattell
emphasized the importance of reaction time in assessing individual
differences; however, classical test theory focused solely on response
correctness. With advancements in cognitive science, the distinction
between reaction time and response time has gained prominence,
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prompting the adoption of advanced statistical models—such as
generalized logistic models and item response theory (IRT)
extensions—that explicitly consider both speed and accuracy. These
developments, alongside research highlighting the critical role of
cognitive abilities in academic success, underscore the significance of
response time as an essential element in cognitive assessment and
analysis.

Research Question(s)

2. Literature Review

Recent studies highlight the significant role of response-time models in
analyzing cognitive processes. De Boeck and Jeon (2019) categorized
these models into four distinct types and introduced their application in
examining cognitive mechanisms. Kyllonen and Zu (2016), through a
comprehensive review of the literature, emphasized the utility of
response time in assessing cognitive abilities, discussing dimensions of
speed and accuracy, the trade-off between them, and analytical
approaches such as item response theory (IRT), as well as cognitive
psychology-based models like the Gaussian performance model and
diffusion model. Partchev and colleagues (2013) revisited the
longstanding question in psychological assessment regarding the
relative contribution of power and speed in test performance. Although
the literature acknowledges the informative value of response-time
models, further research is still needed to advance both the theoretical
and practical applications of these models within psychometrics and
cognitive science.

3. Methodology

This study employed a descriptive-correlational research design, with
an emphasis on psychometric modeling. The statistical population
included 11- and 12-year-old boys and girls enrolled in fifth and sixth
grades from central districts of Tehran during the 2021 academic year.
A multistage cluster random sampling approach was used to select a
final sample of 502 students (250 boys and 252 girls). Ethical standards
were upheld, and inclusion criteria ensured participants had no
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neurological disorders or medication use that could influence cognitive
processing speed.

Data were collected using a computerized quantitative reasoning
test, assessing cognitive abilities through arithmetic comparison tasks
involving the four basic operations. The test demonstrated strong
reliability (internal consistency = 0.816, marginal reliability = 0.856).
For data analysis, the study applied the hierarchical model of response-
time (van der Linden, 2007) using the LNIRT package in R 3.5,
alongside SPSS 25 and BILOG 3 for IRT-based modeling. This
hierarchical framework allows simultaneous modeling of both accuracy
and response-time data, facilitating a more nuanced understanding of
individual differences in cognitive speed and ability.

4. Results

In this study, descriptive statistics of the test items were first reported.
The findings showed that some items (including items 23, 35, 37, 44,
and 46 to 48) had the lowest average correct response rates and the
highest response times. Next, the unidimensionality of the instrument
was examined using the multidimensional item response theory (IRT),
and the fit indices (RMSEA, CFI, and TLI) supported the
unidimensional structure.

Subsequently, a hierarchical response-time modeling approach
was applied, and its estimated parameters were compared with those
from the conventional item response theory that does not consider
response time. The findings revealed discrepancies in item functioning
across the two models. While some items showed strong discrimination
in the IRT model, they had low discrimination in the response-time
model, and vice versa.

Correlation analyses between the difficulty and discrimination
parameters of the two models showed moderate to weak associations in
some cases. The results indicated that the two modeling approaches
produced significantly different estimates of both item difficulty and
discrimination. The response-time model provided a more normally
distributed estimation of test-takers' abilities and allowed for more
sensitive classification, resulting in a much higher number of ability
strata (502 compared to 35 in the traditional model).
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Finally, the comparison of ability ranks across the two models
revealed considerable differences. In some cases, test-takers were
classified in drastically different ability groups depending on whether
response time was considered. For example, one participant ranked
30th in the IRT model but dropped to 478th in the response-time model.
Overall, the response-time model demonstrated greater precision in
distinguishing among test-takers and emphasized the importance of
incorporating response time in test analysis.

5. Discussion

The main objective of this study was to investigate the application of
hierarchical response-time models in measuring children’s cognitive
abilities. The results indicated that there were correlations and
distinctions between parameters estimated by the response-time model
and those from the traditional item-response model. Specifically, some
items showed stronger discrimination indices in the model without
response time, and a significant relationship was observed between
response time and item difficulty. Moreover, spurious correlations
between responses and response times—hboth at the item and
respondent levels—emerged as an important issue, which the analyses
confirmed. A suggested solution is explicit modeling of the relationship
between primary and auxiliary variables to reduce bias and improve
accuracy. The ability estimates also showed more dispersion in the
response-time model, which in some cases led to notable differences in
participant ranking. These findings underscore that even simple
reasoning processes may be influenced by hidden and complex factors
such as processing time, numerical structure, and the type of cognitive
strategies employed.

6. Conclusion

The findings of this study revealed that response-time models can serve
as powerful tools for improving the accuracy of cognitive ability
assessments. By considering response time as a latent variable, more
precise information about mental effort and test-taker motivation can
be obtained. Additionally, various applications of these models have
been proposed, ranging from evaluating problem-solving strategies and
motivation in low-stakes tests to detecting cheating and designing
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adaptive tests. In conclusion, due to their high capacity in delivering
richer and more precise data, the use of response-time models is
recommended for cognitive assessment—particularly in children.
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