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Reliability of a Battery of cognitive tests in Young, healthy people
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Abstract

Cognitive performance is an essential aspect of sports. Still, few studies provide reliable cognitive tests for training and
evaluating cognitive aspects related to sports, particularly in a healthy and/or youthful population. This study assessed the
intraday and interday reliability of a cognitive test battery related to sports performance. In the research, seventeen healthy
volunteers participated. DynavisionTMD2, Bassin Anticipation Timer, Go/No-Go, Eriksen Flanker, and the Trail Making
Test (TMT) were analyzed. TMT-A and TMT-B (intraday), as well as the following variables in the interday analysis,
exhibited significant differences: "Physical RT - Fastest” (Test 1), “Visual RT - Fastest” and "Physical RT - Fastest" (Test 2),
"Visual RT - Fastest" (Test 4) and TMT-A. Thirteen of the thirty-one variables analyzed on the intraday exam had moderate
Intraclass Correlation Coefficients (ICC), six were good, and one was exceptional. In the interday analysis, 15 variables with
moderate ICC and 5 variables with excellent ICC were identified. Reliable tests include "Reaction Time" (Tests 5 and 6) and
"Red and Green Lights" of the DynavisionTMD2, the 15 mph speed of the Bassin Anticipation Timer, and the Go/No-Go,
Eriksen Flanker, and TMT tests.
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1. Introduction

Lindenberger, Scherer, and Baltes (2001) define cognitive
performance as the skills and capacities of our brain to
function and utilize the information it receives through the
five senses. In recent years, cognitive training (CT) has
encountered a significant research boom (Simons et al,
2016). Cognitive training consists of the systematic practice
of tasks designed to develop skills such as working memory
and attention to transfer them to other tasks and
environments. We can distinguish between two types of
cognitive training (CT): (I) general domain, which aims to
develop essential functions applicable to a variety of tasks,
and (II) context-specific, such as perceptual-cognitive skills
training using the expert performance approach, which
targets cognitive skills in a specific task (such as anticipation
in a tennis serve) (Harris, Wilson, & Vine, 2018).

Mahncke et al. (2006); Simons et al. (2016) Both types of
CT could result in a broad range of benefits for memory,
attention, processing speed, fluid intelligence, problem-
solving, and learning ability in young and old subjects.
Commonly, these cognitive aspects are evaluated using
cognitive batteries, which can be defined as a set of tests
administered in a grouped fashion and provide the
opportunity to assess a wide range of cognitive abilities
(Nagahara, Bernot, & Tuszynski, 2010). However,
compared to testing in older adults and populations with
health problems where the device is intended to improve
cognitive function (Harris et al., 2018), devices that assess
cognitive performance or are used for CT have undergone
minimal direct testing in athletes and other healthy
populations. These findings are essential for determining
the overall efficacy of CT devices, but generalizing them to
athletes is exceedingly difficult.
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Sports research has evaluated cognitive performance using
visual, timing, signal detection, recall, and complex
decision tasks. This type of study aimed to assess the
contribution of various perceptual and cognitive factors in
predicting the performance of expert athletes (Helsen &
Starkes, 1999). Cognitive skills such as selective attention
(Abernethy, 1989), divided attention (Memmert, 2009),
and working memory (Furley & Memmert, 2010), among
others, are required for optimal performance in any
discipline. Recent research, such as that conducted by
Ducrocq et al. (2017), indicates that training in these
cognitive functions can be transferred to sports and
enhance athletic performance. For example, this study
demonstrated that a training program that included a
customized attentional task that targeted the inhibition
function of working memory enhanced volley striking in
recreational tennis players.

Most research on athletes has been restricted to evaluating
cognitive performance in a single sport and, consequently,
has focused on a limited number of variables. In addition,
traditional methods have measured cognitive function
using procedures administered by trained technicians in
clinical and laboratory contexts, typically on a single
occasion (Sliwinski et al., 2018). The artificial nature of
these testing environments and sources of intrapersonal
variability may have a negative impact on the validity and
reliability of cognitive assessment tests and instruments
(Allard et al., 2014; Timmers et al., 2014).

This issue and the fact that few studies evaluate cognitive
variables of sport in general and the absence of these
evaluations in a healthy and/or youthful population makes
our study necessary for conducting a thorough cognitive
evaluation. Furthermore, since reliability and validity are
analyzed, it is possible to determine which instruments or
tests are most appropriate in each situation. Consequently,
this methodological study evaluated the validity of
cognitive difficulties related to athletic performance in
young, healthy individuals.

2. Methods

2.1 Participants

Participating in the survey were seventeen healthy and
physically active volunteers (14 men and 3 women; age:
21.4 £1.6 years; weight: 74.17 +11.89 kg; and height: 174.4
+8.2 c¢cm). All of them were students of the Degree in
Physical Activity and Sport Sciences and signed the
Consent of Participation voluntarily after reading the
study's Information Letter. The inclusion criteria were
legal age (over 18) and the absence of any known active
disease or pathology. Participants with severe injuries

and/or colorblindness were disqualified from the study.
The local ethics committee approved this research, and all
procedures adhered to the Helsinki Declaration.

2.2 Study Design and Procedure

The intraday and interday reliability of a battery of
cognitive tests related to sports performance was
determined using repeated measures. Each participant
visited the Laboratory four times (Familiarization, Series 1,
Series 2, and Series 3) throughout three sessions (Figure 1).
Following previous research (Bernecké, Pukénas, &
Brazaitis, 2016; Schmidt, Germano, & Milani, 2015), the
breaks between assessments on the same day were one
hour (intraday reliability) and 48 hours (interday

reliability) between measurement days.

SESION 1 SESION 2 SESION 3

Familiarisation Series 1 Series 3

Hell
il

Series 2

Figure 1. Study design.

The initial session aimed to familiarize participants with
the study instruments and examinations. Each cognitive
test was practiced by the participants with explanations
and corrections. Stewart, Turner, and Miller (2014)
Participants were required to attend each subsequent
day under identical conditions of rest and nutrition.
During the second and third sessions, the participants
completed five cognitive tests in the same order
described below.

Dynavision™ D2 Visuomotor Device

Reigal et al. (2019) cite the Dynavision™ D2 as one of the
most popular instruments for training and evaluating
reaction time (RT). It comprises a 1.21 1.21-meter board
with 64 target buttons arranged in five concentric circles
surrounding a central screen. This display can additionally
be illuminated to invigorate the participant. The
accompanying software measures RT in seconds (with an
accuracy of 1/100 of a second). Before beginning, the
participant should be positioned with the central screen at
eye level and examined to ensure they are comfortable and
can press all buttons. The “Reaction Time" and “Red and
Green Lights" tests were selected for this study because
they are two of the most frequently utilized tests in studies
that evaluated RT (Bigsby et al., 2014; Hunzinger et al.,
2020; Wells et al., 2014; Wells & Johnson, 2022). These two
DynavisionTM D2 experiments are described in detail
below:
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a) “Reaction Time”:

There are six assessments in various areas of the board. The
participant must press the "home button" and, when a new
red light appears on the board, quickly release it to press
the new red light. Each exam is completed three times with
the dominant hand only. The fastest performance in each
of the six tests ("Fastest”) is analyzed for each variable.
Variables obtained from the test include:

- Visual reaction time (“Visual RT"): The time elapsed
between the appearance of the new red light and the
actuation of the home button.

- Motor reaction time ("Motor RT"): The time between the
discharge of the home button and the pressing of the new
red light.

- Physical reaction time ("Physical RT"): The time elapsed
between the appearance of the new red light and its activation.
b) “Red and Green Lights™:

Red and green lights should illuminate the controls for 30
seconds. Only the red lights must be pressed before they
vanish in 0.75 seconds, while the green lights must be
disregarded/not pressed. It is performed with both hands,
and only one attempt is allowed. Variables obtained from
the test include:

- Reaction Time (RT): The time required to activate the red
lights. We have analyzed the quickest time (“Fastest”) and
the average time (“Average") within this variable.

- Red lights ("Red"): The number (N) of effective hits ("Hits")
and the percentage of hits ("Percentage") are examined.
Bassin Anticipation Timer

This tool evaluates visual acuity, eye-hand coordination,
and anticipation. It comprises a 1.54-meter horizontal
beam with 33 LEDs (Tallis et al., 2013). There were three
iterations of each of the following conditions or speeds: 5,
10, and 15 miles per hour (mph), 8, 16, and 24 kilometers
per hour. This protocol was selected based on positive
findings from previous studies (Brady, 1996; Kuan et al.,
2018; Wrisberg, Hardy, & Beitel, 1982). The response time
and whether it was early or late were recorded for each
trial. The delay signal (visual warning system) was set
randomly with the timer to reduce the likelihood of the
participant timing the trial internally. The participant was
instructed to stand in front of the bar with the push button
in their dominant hand and press it as near as possible to
the target (light 33). The best of three attempts for each
condition/speed was selected for data analysis.

Go/No-Go Test

The Go/No-Go test evaluates sustained attention and
response control and the capacity to inhibit an
inappropriate response. This test was administered on a

computer using the online software "Cognitive fun" (2008),
which has been utilized in recent years by several studies
to assess cognitive function (Thomas et al., 2019; van
Campen et al., 2020). Votruba and Langenecker (2013)
found moderate to strong correlations between Go/No-Go
measures and measures of psychomotor speed,
visuomotor coordination, interference control, inhibition,
and set-shifting. Times of reaction were measured in
milliseconds. For each trial, an image or stimulus is
displayed on the screen. If the image is a green circular
shape, it corresponds to a "go” stimulus. If an engraved
green circle appears, this indicates a "no-go" stimulus.
Participants must press the space bar on the keyboard with
their dominant hand as quickly as possible in response to
a "go" stimulus and refrain from pressing it in response to
a "no-go" stimulus. We obtained the following variables for
data analysis:

1. Fastest reaction time (“Fastest”) for a correct answer.
2. The average reaction time (“Average”) during the test.

Eriksen Flanker Test

This examination was also administered using the online
application "Cognitive fun" (2008). Thomas et al. (2019)
measure attentional capacity, specifically focused attention
and the ability to inhibit engagement from distractions.
The participant must strike the “€” or “>7” key on the
computer keyboard with their dominant hand as quickly
as possible, depending on the direction the target arrow is
pointing. This target arrow will be located in the center of
the screen and surrounded by other arrows whose
orientation is either congruent (same direction) or
incongruent (opposite direction). All indicators are
horizontally positioned and point to the left or right. The
software itself logs response times in milliseconds. These
were the variables obtained from this test:

1. Congruent Response Time (CRT): Time is taken to
press the correct arrow when all arrows are in the same
direction.

2. Incongruent Response Time (IRT): Time is taken to
press the correct arrow when the arrows are going in
the opposite direction to the target arrow.

Trail Making Test (TMT)

This test measures visual scanning, working memory, and
cognitive flexibility. According to Smith et al. (2008), TMT
results have sufficient validity for assessing these factors.
The participant must have a pen, a stopwatch, and a
printed page with the TMT instructions. The TMT has two
components:

This examination measures memory and processing
efficiency. It involves connecting consecutively and as
rapidly as possible 25 numbered circles from 1 to 25.
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b) TMT-B: measures cognitive adaptability and executive function. In this case, the
circles contain the numerals 1 through 13 and the letters A through L. Therefore, the
participant must connect the circles sequentially, alternating numbers and letters.
The obtained variable will be the time in seconds required to conclude the examination.
The time includes correcting errors, so the evaluator must be vigilant during the
examination and alert the student of the error without halting the stopwatch.

2.3 Statistical analysis

IBM SPSS Statistic 24.0 (SPSS, Chicago, Illinois, United States) was used for statistical
analysis. All information was expressed as the mean, standard deviation (SD).
Normality was determined using the Shapiro-Wilk test, and variables with p-values
greater than 0.05 were deemed to have a normal distribution. All variables examined
had normal distributions. In addition, a paired samples t-test was conducted to
determine the difference in mean between intraday and interday values. Using
Intraclass Correlation Coefficients (ICC), intraday (Series 1 versus Series 2) and
interday (Series 1 versus Series 3) reliability were assessed (Hopkins, 2000). Koo and
Li (2016) established the following reliability thresholds for ICC values: poor (>0.50),
moderate (0.50-0.75), good (0.75-0.90), and outstanding (>0.90). In addition, Bland-
Altman plots were used to determine the interday and intraday reliability of the most
representative variables of each instrument or cognitive test. The following equations
were used to calculate the standard error of measurement (SEM) and the minimum

Table 1

Results of the Dynavision™ D2 Instrument (Mean + SD)

detectable change (MDC): SEM = SDdiff /2, while MDC = SEM x 1.96 x 2 (Weir,
2005). SDdiff is the standard deviation of the differences between them. Weir (2005)
Only differences between two measurements that surpass the MDC represent an
actual (error-free) change in a subject's scores. The level of significance was p 0.05.

3. Results

Paired samples t-test analyses showed no significant differences between intraday and
interday sessions for most of the test variables analyzed (p > 0.05). Significant
intraday differences were only found in the variables TMT-A (p = 0.001) and TMT-
B (p = 0.014). In the interday comparison, significant differences were found in the
TMT-A (p = 0.001) and in the following variables of the "Reaction Time" test:
“Physical RT - Fastest" (p < 0.001) of Test 1; in the "Visual RT - Fastest" (p = 0.036)
and "Physical RT - Fastest" (p < 0.001) of Test 2; and in the "Visual RT - Fastest" (p =
0.004) of Test 4 (Tables 1 and 2).

Overall, the intraday and interday reliability values were moderate for the cognitive
tests performed. Of the 31 variables studied in the intraday analysis, 11 have a poor
ICC (<0.50), 13 have a moderate ICC (0.50-0.75), 6 variables are considered good
(0.75-0.90), and 1 variable has an excellent ICC (>0.90). In the results of the interday
analysis, 11 variables have a poor ICC, 15 have a moderate ICC, and 5 have a good
ICC out of a total of 31 variables studied (Tables 1 and 2).

Test Variables Series 1 Series 2 Series 3 P12 Pi3  ICCi2(95%CI) ICC13(95%CI) MDC;> MDCy;
Dynavision™ D2 “Reaction Time” “Visual RT” “Fastest” (s) 0.29+0.04  0.28+0.03  0.30+0.05 0.073 0.525 0.63 0.70 0.05 0.06
Visuomotor Test 1 (-0.01; 0.02) (-0.01;0.02)
Device “Motor RT” “Fastest” (s) 0.16+0.04 0.15£0.05 0.14+0.04 0.613 0.345 0.07 0.40 0.13 0.10
(-0.02;0.04) (-0.04;0.01)
“Physical RT” “Fastest” (s) 0.48+0.06 0.46+0.06 0.46+0.05 0.253 <0.001* 0.41 0.57 0.12 0.10
(-0.01;0.05) (0.27;:0.33)
“Reaction Time” “Visual RT” “Fastest” (s) 0.28+0.02 0.29+0.03  0.29+0.02 0.096 0.036* 0.59 0.46 0.04 0.04
Test 2 (-0.02;0.01) (-0.02;-0.01)
“Motor RT” “Fastest” (s) 0.13£0.05 0.16£0.05 0.16+£0.05 0.134 0.783 0.19 0.38 0.13 0.11
-0.06;0.01) (-0.04;0.03)
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Test Variables Series 1 Series 2 Series 3 P12 Pi3  ICCi12(95%CI) ICC13(95%CI) MDC;> MDC;
“Physical RT “Fastest” (s) 0.46+0.06 0.47£0.05 0.47+0.05 0.327 <0.001* 0.53 0.45 0.11 0.10
(-0.04;0.01) (0.28;0.33)
“Reaction Time” “Visual RT” “Fastest” (s) 0.33£0.04 0.31£0.04 0.32+0.03 0.228 0.642 0.70 0.32 0.06 0.08
Test 3 (-0.01;0.04) (-0.02:0.03)
“Motor RT” “Fastest” (s) 0.21£0.03 0.20£0.05 0.19+0.04 0.318 0.231 0.45 0.47 0.08 0.09
(-0.01;0.03) (-0.01;0.04)
“Physical RT” “Fastest” (s) 0.54+0.05 0.53+0.06  0.54+£0.07 0.585 0.948 0.35 0.77 0.13 0.08
(-0.2;0.04) (-0.02;0.02)
“Reaction Time” “Visual RT” “Fastest” (s) 0.33£0.04 0.34+0.06  0.35+0.03 0.206 0.004* 0.63 0.74 0.08 0.05
Test 4 (-0.03;0.01) (-0.03;-0.01)
“Motor RT” “Fastest” (s) 0.18+0.05 0.18+0.06  0.19+0.10 0.862  0.449 0.38 0.47 0.12 0.11
(-0.03;0.03) (-0.04;0.02)
“Physical RT” “Fastest” (s) 0.54+0.06 0.57+0.11  0.58+0.12 0.157 0.155 0.43 0.47 0.18 0.13
(-0.09;0.01) (-0.05;0.01)
“Reaction Time” “Visual RT” “Fastest” (s) 0.26%0.04 0.26£0.03 0.26+0.03 0.832 0.542 0.76 0.68 0.05 0.05
Test 5 (-0.01;0.01) (-0.01;0.01)
“Motor RT” “Fastest” (s) 0.14£0.03 0.14+0.04 0.14+0.04 0.381 0.912 0.62 0.81 0.06 0.05
(-0.01;0.02) (-0.01;0.01)
“Physical RT” “Fastest” (s) 0.42+0.06 0.42+0.06 0.41+£0.06 1.000 0.747 0.80 0.86 0.07 0.06
(-0.02;0.02) (-0.01;0.01)
“Reaction Time” “Visual RT” “Fastest” (s) 0.27£0.03 0.26£0.03 0.26+0.03 0.136 0.332 0.63 0.60 0.06 0.05
Test 6 (-0.01;0.02) (-0.01;0.02)
“Motor RT” “Fastest” (s) 0.13£0.02 0.14+£0.03  0.13+£0.05 0.263 0.760 0.83 0.23 0.03 0.09
(-0.01;0.01) (-0.02;0.02)
“Physical RT” “Fastest” (s) 0.40+0.04 0.42+0.05 0.41+£0.06 0.156 0.705 0.71 0.59 0.07 0.10
(-0.03;0.01) (-0.03;0.02)
“Red and Green “Reaction Time” “Fastest” (s) 0.43+0.05  0.43+0.05 0.43+0.03 0.754 1.000 0.38 0.36 0.11 0.09
Lights” (-0.02;0.03) (-0.02:0.02)
“Average” (s) 0.56+0.03 0.56+0.03 0.56+0.03 1.000 0.725 0.76 0.71 0.05 0.05
(-0.01;0.01) (-0.01;0.01)
“Red” “Hits” (N) 21.47+6.37 21+5.79  20.64+£7.97 0.936 0.849 0.50 0.66 11.84 11.02
(-3.14;3.39) (-3.15;3.76)
“Percentage” (%) 68.76£12.26 61.92+18.70 68.01+13.52 0.232  0.792 0.54 0.59 29.48 22.67
(-3.61;13.61) (-5.27:6.80)

* p<0.05 t-test for paired samples.
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Table 2

Results of Bassin Anticipation Timer, Go/No-Go, Eriksen Flanker Test, and TMT (Mean + SD).

Test Variables Series 1 Series 2 Series 3 P12 Pis ICCi2(95%CI) ICCi13(95%CI) MDCi;2 MDCi;
Bassin Anticipation 5 mph (s) 0.029+0.023 0.021+£0.014 0.021+0.020 0.128 0.303 0.26 0.03 0.05 0.06
Timer (-0.01;0.02) (-0.01;0.02)
10 mph (s) 0.022+0.018 0.021+0.024 0.017+0.013 0.820 0.164 0.67 0.66 0.03 0.03
(-0.01;0.01) (-0.01;0.01)
15 mph (s) 0.021£0.030 0.025£0.031 0.017+0.032 0.670 0.321 0.94 0.89 0.02 0.03
(-0.01;0.01) (-0.01;0.01)
Go/No-Go “Fastest” (ms) 318.76+28.52 325.93+42.61 335.64+34.63 0.506 0.350 0.48 0.52 71.22 73.53
(-25.81;13.31) (-11.01;29.26)
“Average” (ms) 388.27+41.86 385.76+33.96 391.98+35.67 0.784 0.519 0.62 0.55 64.74 64.06
(-15.53;20.21) (-12.15;23.08)
Eriksen Flanker Test CRT (ms) 441.97+45.89 421.72+40.57 456.01£76.15 0.085 0.261 0.63 0.69 74.50 96.63
(-2.71;37.29) (-11.53;39.61)
IRT (ms) 493.14166.46 473.24+49.27 485.13+46.82 0.131 0.803 0.85 0.70 63.18 71.82
(-4.29;30.08) (-19.73:24.97)
T™T TMT-A (s) 28.94+£9.90 22.42+7.30 16.72+5.79 0.001*  0.001* 0.76 0.76 12.53 9.63
(3.18;10.20) (2.66;8.17)
TMT-B (s) 53.28+26.85 39.27+10.49 51.14+16.96 0.014* 0.231 0.41 0.67 45.97 36.04
(3.60;27.57) (-17.05;4.51)

* p<0.05 t-test for paired samples.

The Bland-Altman plots (Figures 2 and 3) do not show a high systematic bias, as most data points are distributed close to the mean and within confidence limits.
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Figure 2. Bland-Altman plots for the intraday reliability of the most representative variables of each cognitive test: (a)
Intraday reliability of the variable “Physical RT - Fastest” measured with the DynavisionTM D2 instrument of the
Reaction Time (Test 5), (b) Intraday reliability of the variable “Reaction Time - Average” measured with the
DynavisionTM D2 instrument of the Red and Green Lights, (c) Intraday reliability of the variable “15 mph” measured
with the Bassin Anticipation Timer instrument, (d) Intraday reliability of the variable “Average” measured with Go/No-Go
test, (e) Intraday reliability of the variable “IRT” measured with Eriksen Flanker Test, and (f) Intraday reliability of the
variable “TMT-A" measured with TMT.
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Figure 3. Bland-Altman plots for the interday reliability of the most representative variables of each cognitive test: (a)
Interday reliability of the variable “Physical RT - Fastest” measured with the DynavisionTM D2 instrument of the
Reaction Time (Test 5), (b) Interday reliability of the variable “Reaction Time - Average” measured with the
DynavisionTM D2 instrument of the Red and Green Lights, (c) Interday reliability of the variable “15 mph” measured
with the Bassin Anticipation Timer instrument, (d) Interday reliability of the variable “Average” measured with Go/No-Go
test, (e) Interday reliability of the variable “IRT” measured with Eriksen Flanker Test, and (f) Interday reliability of the

variable “TMT-A" measured with TMT.
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4. Discussion

This study demonstrates the viability of a battery of
cognitive tests to evaluate and train various cognitive
aspects of sports performance. Intraday and interday
reliability analyses were conducted, yielding satisfactory
reproducibility in the DynavisionTM D2 for the "Average,”
"Hits,"” and "Percentage” variables in the "Red and Green
Lights" test. The DynavisionTM D2 "Reaction Time" test
yielded contradictory results across its six tests, indicating
that Tests 5 and 6 are more reliable than the other tests.
The Bassin Anticipation Timer instrument demonstrated
a distinct tendency to be more reproducible as the
condition's speed increased. The computer-based
assessments (Go/No-Go and Eriksen Flanker Test) were
deemed moderate reliability, with the IRT wvariable
standing out as particularly significant. The TMT-A test
was found to be highly reliable, whereas the TMT-B test
was found to be less reproducible.

The DynavisionTM D2 Visuomotor Device offers an
assortment of options and tests. Numerous studies have
demonstrated that this instrument is a valid method for
evaluating the reaction times of juvenile students (Bigsby
et al., 2014; Hunzinger et al., 2020; Wells et al., 2014; Wells
& Johnson, 2022). However, the "Reaction Time" test
results are seen as contradictory and highly variable.
Therefore, it is suggested that Tests 5 and 6 of the "Reaction
Time" test evaluate all variables except for "Motor TR" in
Test 6's intraday. Only Test 3 is recommended for
assessing the "Physical TR - Fastest" interday. The most
significant finding was the low reliability of the "Motor TR
- Fastest" test, for which all results of Tests 1, 2, 3, and 4
were deemed inadequate. Good performance on Tests 5
and 6 may be attributable to the test's relative simplicity
compared to Tests 1 through 4. In addition, some
participants did not perform well on the test due to errors
such as not observing the light when covering it with their
arm, not comprehending where the lights could emerge,
and glancing elsewhere on the board. These errors,
particularly in the initial runs, may have contributed to the
lack of dependability in Tests 1-4. We believe that
familiarization could have been a crucial factor. In
addition, we believe that improved outcomes could have
been achieved with greater familiarization.

Good reliability results were discovered for the "Red and
Green Lights” test, except for the "Reaction Time - Fastest"
variable, whose results were deemed unreliable in intraday
and interday analyses. Therefore, we concur with the
findings of Wells et al. (2014), and we advise using this test
to evaluate RT ("Reaction Time - Average"), as this variable
had the highest reliability values. Similarly, assessing the

“Hits" and “Percentage” variables is suggested, which
yielded intermediate results. Therefore, we concur with
previous research indicating that the DynavisionTM D2
has no "practice effect” after 3 trials and that a baseline
score can be obtained after only one trial of the "Red and
Green Lights" test, whereas 2-3 familiarisation trials are
required for the "Reaction Time" test (Klavora, Gaskovski,
& Forsyth, 1995; Vesia et al., 2008; Wells et al., 2014).

As with the previous instrument, the Bassin Anticipation
Timer measures anticipation time under various
conditions or rates. Three repetitions of three speeds (5, 10,
and 15 mph) were conducted in our investigation. Higher
velocities were associated with higher ICC values in both
intraday and interday analyses. These ICC values were
considered low for the 5-mph speed, moderate for the 10-
mph speed, and acceptable and excellent for the 15-mph
condition. Our findings concur with those of Coker
(2004), Williams, Katene, and Fleming (2002), and
Williams (2000), who found that higher speeds resulted in
more precise measurements. Other studies, however,
found the opposite (Coker, 2005; Williams, 1985).
Therefore, we believe the assessment protocol should be a
fundamental aspect of this examination. Some authors
emphasize the need to substantiate the "learning effect”
when analyzing test-retest reliability, as differences
between measurement instants may be attributable to
exposure to the same instrument over a brief period or to
familiarity with the test procedures (Crocetta et al., 2019).
With the slower speed, they anticipated too much,
whereas, with the faster speed, they had "rehearsed" by
accruing 6 repetitions (3 at 5 mph and 3 at 10 mph) before
beginning the 15-mph condition.

The "Average” variable had the highest reliability values for
the Go/No-Go test, yielding moderate ICC values for the
intraday and interday analyses. The "Fastest” variable was
rated as inadequate for the intraday test and satisfactory for
the interday test. According to studies by Williams and
Kaufmann (2012) and Votruba and Langenecker (2013),
the Go/No-Go test can attain a high level of reliability. The
Eriken Flanker Test, on the other hand, was measured
using the same software as the initial test and yielded
significantly better results than the remaining tests. It has
moderate to good ICC values for all of its variables, so it
can be recommended as a reliable test for measuring CRT,
particularly IRT. Our results are consistent with other
research demonstrating the test's high reliability (Hooper
etal., 2022; Wostmann et al., 2013). Following the previous
study, we concur that response times for incongruent
versus congruent stimuli were slower in the Eriksen
Flanker task (Konishi et al., 2017; Ludyga et al., 2019;
O’Leary et al., 2011).
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It should be noted, however, that numerous studies have
used both tasks (Go/No-Go and Eriksen Flanker) for their
measurements, but not all of them in the same manner, as
different software, instruments, and protocols are
employed. In addition, the website we used, "Cognitive
fun" (2008), has been used in recent years by several studies
to assess cognitive function (Thomas et al., 2019; van
Campen et al., 2020), but we were unable to locate any
evidence demonstrating its reproducibility. Therefore,
based on our findings, we can recommend both
assessments; however, it would be beneficial for future
research to use a larger sample size and to establish
correlations between measurements of other versions of
the same tasks.

Finally, significant differences were detected between
intraday and interday measurements for the TMT. This may
be because the participants mastered the test, improving their
performance with each trial ("learning effect"). The TMT is a
reliable test, with the TMT-A variant being more
reproducible than the TMT-B variant, as indicated by the
reliability results. However, the literature contains some
inconsistencies. For some authors, it is a reliable and
reproducible test in all versions (Makizako et al, 2013;
Wagner et al., 2011), whereas, contrary to our findings, TMT-
B has more stable reliability than Part A (Dikmen et al., 1999;
Levine et al.,, 2004). Accordingly, our results confirm the
pattern in psychometrics, in which reliability tends to increase
as the number of trials increases (Wostmann et al,, 2013). In
addition, participants found the TMT-B test to be more
challenging than the TMT-A test, as confirmed by Gaudino,
Geisler, and Squires (1995) in their analysis of the test
properties. This increased complexity of the TMT-B,
combined with the small number of B tests discovered, may
have resulted in the TMT-B exhibiting a daily variation in
complexity. Perhaps using the same B-test for each
assessment would have been preferable, but we wished to
avoid the previously discussed repetition learning.
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