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Avrticle type: Background: Sports intelligence plays a critical role as the ability to process and respond effectively
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components in athletic success, yet existing tools only assess limited aspects of sports intelligence
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Introduction

Sports intelligence, encompassing a range of
cognitive and perceptual abilities critical for success
in dynamic athletic environments, has emerged as an
essential construct in sports psychology and
performance science. Sports intelligence broadly
refers to an individual’s ability to process, interpret,
and respond effectively to complex and rapidly
changing stimuli in athletic contexts, incorporating
dimensions such as reaction time, attention, task
execution, and visuospatial abilities (Martin et al.,
2022). Research has increasingly emphasized the
pivotal role of sports intelligence in enhancing
athletic performance, particularly in competitive
settings that demand quick decision-making and
adaptability. However, existing assessment tools
often fall short of capturing the multifaceted nature of
sports intelligence, as they tend to focus on isolated
aspects, thus limiting their capacity to provide a
comprehensive understanding of athletes' cognitive
and functional capabilities. This limitation has
highlighted the need for a normed, multidimensional
tool that can accurately assess the broader construct
of sports intelligence in both athletes and non-athletes
(Aoyagi & Portenga, 2021).

The psychometric evaluation of sports intelligence
has also encountered challenges due to the lack of
tools that adhere to the complexities of the construct.
Recent advances in psychometrics, particularly the
application of multidimensional item response theory
(IRT) models, offer promising methods for
developing and validating tools that can measure
multiple dimensions simultaneously. IRT models
enable a refined analysis of item properties and
participant abilities, thereby enhancing the reliability
and validity of assessments, particularly for
constructs as intricate as sports intelligence
(Embretson & Reise, 2013). The multidimensional
approach allows for the identification of factors such
as reaction time and mental flexibility within a
unified  framework, providing a nuanced
understanding of how different cognitive attributes
interact and contribute to sports intelligence (Lu et al.,
2020).
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Although the field has made strides in identifying
specific components of sports intelligence,
comprehensive norming and validation of a
multidimensional assessment tool remain limited.
Without standardized norms, it is challenging to
evaluate individuals' scores accurately and to draw
comparisons across different populations, such as
athletes and non-athletes. Norming is particularly
vital in distinguishing high-performing athletes from
the general population, as cognitive demands in
sports are often more complex and context-specific.
A normed sports intelligence measurement tool could
inform targeted interventions and training programs
tailored to athletes’ cognitive strengths and areas for
development, potentially enhancing performance and
resilience under pressure (\Voss et al., 2022).

In addition to its theoretical contributions, the
practical implications of a robust, normed sports
intelligence tool are substantial. Coaches and sports
psychologists could leverage such a tool for talent
identification, training optimization, and
rehabilitation, thereby promoting athletes' holistic
development. Moreover, a validated assessment
could facilitate the inclusion of cognitive training in
athletic programs, an area gaining interest as
researchers uncover the links between cognitive
abilities and athletic success (Luchsinger et al., 2021).
Furthermore, the application of this tool to non-
athlete samples provides comparative data, offering
insights into how athletic training and competition
may enhance cognitive faculties linked to sports
intelligence (Barker et al., 2023).

The present study aims to address these gaps by
developing and norming a sports intelligence
measurement tool for use with both athletes and non-
athletes, employing multidimensional IRT models for
robust psychometric validation. Specifically, this
study seeks to examine the factor structure of the tool
and establish norms that can serve as benchmarks for
assessing sports intelligence in individuals aged 16 to
35. The outcomes of this study are expected to
provide a scientifically grounded, reliable, and valid
tool that can be widely used in research and practical
settings to assess sports intelligence
comprehensively. By establishing normative data,
this study will contribute to the understanding and
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application of sports intelligence assessment,
potentially guiding future research and interventions
designed to optimize cognitive and perceptual
abilities in sports and related domains.

Method

This descriptive-correlational, applied study aims to
develop a precise and reliable instrument to measure
sports intelligence among individuals aged 16 to 55.
The research employed a mixed-methods approach,
conducted in two phases: qualitative and quantitative.
In the qualitative phase, components of sports
intelligence were identified through an extensive
review of reputable scientific sources and relevant
literature. These components were subsequently
evaluated by a panel of experts in sports psychology
and sports sciences for both content and face validity.
In the quantitative phase, upon confirming the
validity of the components, a finalized questionnaire
was developed and distributed to a sample of athletes
and non-athletes to assess its psychometric
properties. Internal consistency of the instrument was
tested using Cronbach's alpha and McDonald's
omega, while exploratory factor analysis (EFA) was
applied to evaluate construct validity, examining the
interrelations among components and their structural
coherence within the instrument. The study’s
statistical population included athletes and non-
athletes aged 16 to 35 in Alborz Province in 2022.
Convenience sampling, guided by statistical rules,
determined the sample size; Morgan’s table indicated
a minimum requirement of 384 participants.
Following data cleaning, the final analysis included
624 participants, ensuring robust results for EFA.
The sports intelligence questionnaire, developed to
assess cognitive and situational analytical skills
specific to sports, was further validated using the
Cattell test for convergent validity. Version 3 of the
Cattell test, comprising 50 items across four
subscales, was employed to measure fluid
intelligence and to explore its correlation with sports
intelligence within the study sample. The Cattell test,
widely validated in previous studies, provided a
robust benchmark for this aspect of validation.

Data analysis involved a range of statistical
techniques:  Cronbach's alpha assessed the
instrument's reliability, EFA evaluated its construct
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validity, and Pearson's correlation coefficient
analyzed relationships between variables. Data were
processed using SPSS version 27 and R version 4.0.2,
with specialized statistical packages in R supporting
advanced modeling and result analysis. This
comprehensive methodological approach offers a
rigorous foundation for establishing a reliable
instrument in sports intelligence assessment, with
significant implications for research and practical
applications in sports psychology and performance
enhancement.

Results

The findings of the study are presented in six sections,
including content validity, psychometric properties,
construct  validity, criterion validity, internal
consistency reliability, and test-retest reliability. The
first step in analyzing the validity of the sports
intelligence battery was to examine the opinions of
sports psychology experts. In this section, the content
validity of the sports intelligence battery was assessed
using the Lawshe method and the opinions of 14
sports psychology specialists. A three-point scale was
employed to determine the validity coefficient, with
an acceptance value set at 0.51. Among the eight
factors examined, five factors (reaction time,
attention, multitasking, matrix reasoning, and
flexibility) were confirmed, while three factors
(general knowledge, prediction, and decision-
making) were eliminated due to insufficient
consensus.

The first step in item analysis was to assess the
validity of the Sports Intelligence Package by
gathering feedback from sports psychology experts.
The Lawshe method, a common and widely-used
approach for converting qualitative judgments of
content validity, was employed for this purpose.
Known as the Content Validity Ratio (CVR), this
method is particularly effective in quantifying expert
judgment (Schultz et al., 2013). To determine the
CVR, 14 experts were asked to review each designed
factor using a three-point scale: "essential,” "useful,"”
and "not necessary.” Given the panel of 14 experts,
the acceptable threshold for the content validity index
was set at 0.51. In this phase, eight factors were
reviewed: reaction time, general knowledge,
attention, multitasking, matrix reasoning, flexibility,
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prediction, and decision-making. Content validity
assessment results showed that five of the eight
scales—reaction time, attention, multitasking, matrix
reasoning, and flexibility—met the validity index
threshold of 0.51, while the remaining three scales
(general knowledge, prediction, and decision-
making) were eliminated due to low agreement.
Consequently, in this stage, the three scales of general
knowledge, prediction, and decision-making were
excluded from the Sports Intelligence Package.

The second step involved examining the construct
validity of the Sports Intelligence Package. To
evaluate construct validity, item response theory
(IRT) was applied. IRT encompasses a range of
statistical models tailored to data characteristics,
varying by scoring type, dimensionality, and model
parameters. In this study, due to the dichotomous
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nature of the data, a two-parameter model for
dichotomous items was used. Additionally, given that
the Sports Intelligence Package comprises multiple
scales and preliminary analysis indicated a five-
dimensional model, this model was evaluated against
others. The very simple structure (VSS) criterion,
MAP test, and BIC and adjusted BIC indices were
used to examine dimensionality and determine the
number of dimensions. Table 1 shows that, based on
the values for one- to eight-dimensional models,
multidimensional models yielded optimal values
(lower values on the MAP, BIC, and adjusted BIC
indices and maximum value on the VSS index).
Among these indicators, the MAP and adjusted BIC
indices suggested a five-dimensional model, while
the VSS index pointed to a two-dimensional model as
more suitable.

Table 1. Dimension test of very simple structure test

BIC Adjusted BIC MAP VSS Dimension
-988.06 -4270.87 0.0056 0.00 1
-1434.30 -4571.06 0.0045 0.73 2
-1643.32 -4637.20 0.0043 0.67 3
-1763.68 4617.87 0.0043 0.65 4
-1836.16 -4553.84 0.0042 0.59 5
-1794.23 -4378.56 0.0049 0.57 6
-1728.65 -4182.81 0.0055 0.57 7
-1662.34 -3989.50 0.0061 0.56 8

Therefore, based on the results of the mentioned tests,
classical factor analysis results, and theoretical
foundations, the five-dimensional model of the Sports
Intelligence Package was confirmed. Following the
confirmation of the five-dimensional model structure,
the next step was to assess the type of
multidimensional model based on the model’s

parameters. Initially, one-, two-, three-, and four-
parameter models were examined and compared to
identify the best fit for the sports intelligence data.
Model comparison utilized indices such as the
likelihood ratio test (X?), Akaike Information
Criterion (AIC), and Bayesian Information Criterion
(BIC).

Table 2. Comparison of two-valued models with different parameters

Model AIC BIC log.Lik X2 df P
1PLM 33372.01 33602.60 -16134.01 - - -
2PLM 32896/96  33313.96  -16354.48  -440.95 42  (2PLM -1PLM) 0.01
3PLM 32940.61 33566.11  -16329.31 50.34 47 (3PLM - 2PLM) 0.24
4PLM 33020.35 33854.34  -16332.17 14.26 47 (4PLM - 3PLM) 0.99

Table 2 shows that, among the four multidimensional
dichotomous models, the two-parameter model
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provided the best fit (with minimal values across the
mentioned indices and significant findings).
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Figure 1. The function of knowledge of the test, the questions and the function of the characteristics of the questions of the sports
intelligence test

As illustrated by Figure 1, the test information
function for the first dimension indicates high
measurement precision within the middle range of
theta, with peak informativeness for individuals with
moderate ability levels. The item characteristic curves
also show that, with higher item numbers, item
difficulty increases, yielding higher discrimination
for individuals with higher ability levels. The test
information function for the second dimension
reveals peak informativeness in the theta range of -2
to 0, indicating that the test had higher discrimination
power for individuals with lower ability levels. The
item characteristic curves also indicate that, as item
numbers increase, item difficulty rises, and items
demonstrate higher discrimination for higher ability
levels. The test information function for the third
dimension shows high measurement precision and
maximum informativeness for individuals with
moderate ability in the middle theta range, covering
the entire ability spectrum within the -3 to 3 range.
The item characteristic curves also indicate that
higher item numbers correspond to increased
difficulty, with greater discrimination for higher
ability levels. According to the test information
function for the fourth dimension, the test maintains
high precision in the middle theta range, providing
maximum informativeness for individuals with
moderate ability. The information function covers the
-3 to 3 range effectively, encompassing the entire
ability spectrum. The item characteristic curves
indicate that, with increasing item numbers, difficulty

rises, and items exhibit higher discrimination for
individuals with higher ability. The test information
function for the fifth dimension shows peak
informativeness in the theta range of -2 to 1,
demonstrating higher discrimination for individuals
with lower ability levels overall. However,
informativeness is limited at the higher latent trait
level, where the items exhibit lower discrimination
for individuals at these levels. The item characteristic
curves show that, with increasing item numbers,
difficulty rises, and items provide higher
discrimination for higher ability levels.

Conclusion

The purpose of this study was to examine the factor
structure and provide norms for the Sports
Intelligence Tool among athletes and non-athletes.
The results indicated that the Sports Intelligence
Tool, based on a multidimensional model, possesses
suitable validity and reliability. In the psychometric
evaluation of the Sports Intelligence Tool, the
proposed factors were first examined using content
validity indicators, ultimately confirming five factors.
These five factors included reaction time, attention,
task performance, mental flexibility, and visuospatial
ability. To evaluate the construct validity of the
Sports Intelligence Tool and the models derived from
the content validity stage, item response theory (IRT)
models were employed. IRT models assess data
quality using various statistical models, with
multidimensional models among the most well-
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known. The confirmatory multidimensional analysis
revealed that the five-factor model had a good fit with
the data, with all items demonstrating acceptable
factor loadings that loaded significantly onto the
intended factors. Furthermore, the slope and
difficulty parameters for the items indicated that the
questions had adequate psychometric properties. The
slope parameters showed that each item effectively
distinguished within its respective factor, while the
item difficulty parameters indicated that as the
position increased, item difficulty also rose, making
them more challenging for participants to answer.

In total, the Sports Intelligence Tool comprises 47
items and five factors. Since one of the methods for
assessing  construct  validity is  through
multidimensional IRT models, it can be concluded
that the Sports Intelligence Tool possesses construct
validity due to the confirmation of its scales. Criterion
validity, which follows content validity, is a second
approach to establishing validity by comparing test
scores with a performance measure on an external
scale (Groth-Marnat, 2009). Thus, in the current
study, the Cattell Intelligence Test was used to
examine concurrent criterion validity. Sharifi and
Sharifi (2012) argue that there is no fixed rule for
determining the significance of correlation
coefficients in criterion validity assessment, and
correlations rarely exceed 0.60. Therefore, validity
coefficients of 0.30 and 0.40 are considered relatively
high. In the present study, the correlation between the
Sports Intelligence Tool and the Cattell Intelligence
Scale across all five dimensions was above 0.40,
indicating relatively high concurrent validity for
assessing sports intelligence. The results of this study
showed that individuals with higher sports
intelligence also tend to have better general
intelligence, as evidenced by their higher
performance on the well-known Cattell test.
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Subsequently, the reliability of the collected data
from the Sports Intelligence Tool was assessed using
internal consistency methods (Cronbach's alpha and
stratified alpha). Reliability values of 0.60 or 0.70 and
above are generally considered acceptable (Gerami-
Pour, 2014). Therefore, the obtained Cronbach's
alpha for each factor and the stratified alpha for all
items demonstrated the internal consistency of the
Sports Intelligence Tool.
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I. Likelihood ratio test
2. Akaike Information Criterion
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