
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/362624803

Test–retest reliability of the neurotracker compared to the impact test for the

management of mild traumatic brain injuries during two consecutive

university sport seasons

Article  in  Brain Injury · August 2022

DOI: 10.1080/02699052.2022.2109738

CITATIONS

0
READS

103

4 authors:

Some of the authors of this publication are also working on these related projects:

use of aerobic exercise to effectively treat concussions View project

Physical Performance and Relative Perception Following a Prolonged Break from Competition for QMJHL Players / PERFORMANCE PHYSIQUE ET PERCEPTIONS

RELATIVES À LA PRÉPARATION À LA SUITE D’UN ARRÊT PROLONGÉ D’ENTRAÎNEMENT CHEZ LES JOUEURS DE LA LHJMQ View project

Alexandre Deschamps

Université du Québec à Trois-Rivières

1 PUBLICATION   0 CITATIONS   

SEE PROFILE

Elizabeth Giguère-Lemieux

Université du Québec à Trois-Rivières

2 PUBLICATIONS   2 CITATIONS   

SEE PROFILE

Phil Fait

Université du Québec à Trois-Rivières

38 PUBLICATIONS   447 CITATIONS   

SEE PROFILE

Laurie-Ann Corbin-Berrigan

Université du Québec à Trois-Rivières

11 PUBLICATIONS   48 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Elizabeth Giguère-Lemieux on 11 August 2022.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/362624803_Test-retest_reliability_of_the_neurotracker_compared_to_the_impact_test_for_the_management_of_mild_traumatic_brain_injuries_during_two_consecutive_university_sport_seasons?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/362624803_Test-retest_reliability_of_the_neurotracker_compared_to_the_impact_test_for_the_management_of_mild_traumatic_brain_injuries_during_two_consecutive_university_sport_seasons?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/use-of-aerobic-exercise-to-effectively-treat-concussions?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Physical-Performance-and-Relative-Perception-Following-a-Prolonged-Break-from-Competition-for-QMJHL-Players-PERFORMANCE-PHYSIQUE-ET-PERCEPTIONS-RELATIVES-A-LA-PREPARATION-A-LA-SUITE-DUN-ARRET-PROLON?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexandre-Deschamps?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexandre-Deschamps?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite-du-Quebec-a-Trois-Rivieres?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexandre-Deschamps?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elizabeth-Giguere-Lemieux?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elizabeth-Giguere-Lemieux?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite-du-Quebec-a-Trois-Rivieres?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elizabeth-Giguere-Lemieux?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Phil-Fait?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Phil-Fait?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite-du-Quebec-a-Trois-Rivieres?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Phil-Fait?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laurie-Ann-Corbin-Berrigan?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laurie-Ann-Corbin-Berrigan?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite-du-Quebec-a-Trois-Rivieres?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laurie-Ann-Corbin-Berrigan?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elizabeth-Giguere-Lemieux?enrichId=rgreq-2b47de7991b95f8e7a6df54479b2456f-XXX&enrichSource=Y292ZXJQYWdlOzM2MjYyNDgwMztBUzoxMTQzMTI4MTA3ODc0NDk0OUAxNjYwMjI4Njk3MTg4&el=1_x_10&_esc=publicationCoverPdf


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ibij20

Brain Injury

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ibij20

Test–retest reliability of the neurotracker
compared to the impact test for the management
of mild traumatic brain injuries during two
consecutive university sport seasons

Alexandre Deschamps, Élizabeth Giguère-Lemieux, Philippe Fait & Laurie-
Ann Corbin-Berrigan

To cite this article: Alexandre Deschamps, Élizabeth Giguère-Lemieux, Philippe Fait & Laurie-Ann
Corbin-Berrigan (2022): Test–retest reliability of the neurotracker compared to the impact test for
the management of mild traumatic brain injuries during two consecutive university sport seasons,
Brain Injury, DOI: 10.1080/02699052.2022.2109738

To link to this article:  https://doi.org/10.1080/02699052.2022.2109738

Published online: 10 Aug 2022.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ibij20
https://www.tandfonline.com/loi/ibij20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02699052.2022.2109738
https://doi.org/10.1080/02699052.2022.2109738
https://www.tandfonline.com/action/authorSubmission?journalCode=ibij20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ibij20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02699052.2022.2109738
https://www.tandfonline.com/doi/mlt/10.1080/02699052.2022.2109738
http://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2022.2109738&domain=pdf&date_stamp=2022-08-10
http://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2022.2109738&domain=pdf&date_stamp=2022-08-10


Test–retest reliability of the neurotracker compared to the impact test for the 
management of mild traumatic brain injuries during two consecutive university sport 
seasons
Alexandre Deschampsa,b, Élizabeth Giguère-Lemieuxa, Philippe Faita,b,c,d, and Laurie-Ann Corbin-Berrigan a,b

aDépartement des sciences de l’activité physique, Université du Québec à Trois-Rivières (UQTR), Trois-Rivières, Quebec, Canada; bGroupe de recherche 
sur les affections neuromusculosquelettiques, Trois-Rivières, Québec, Canada; cCentre de Recherche en Neuropsychologie et Cognition, Montréal, 
Québec, Canada; dCentre Interdisciplinaire de Recherche en Réadaptation et Intégration Sociale, Québec, Canada

ABSTRACT
Introduction: Neurocognitive assessment tools such as the Neurotracker and ImPACT have been pro-
posed to optimize sports-related mild traumatic brain injury (mTBI) management. Baseline testing is 
recommended with such assessments to individualize monitoring of athletes' remission. While the ideal 
timeframe between baseline updates has been studied for the ImPACT, these data are missing for the 
Neurotracker.
Objective: The current study aimed to compare the test–retest reliability of the ImPACT and Neurotracker 
for two consecutive seasons in university athletes participating in sports at risk for mTBI.
Methods: At the start of two consecutive seasons, 30 athletes with no recent history of mTBI completed 
a baseline assessment including the Neurotracker and the ImPACT. The test–retest reliability of the results 
was analyzed by considering intra-class correlation (ICC), Becker’s standardized mean difference (dB) and 
Bland-Altman’ plot of each outcome.
Results: The Neurotracker and the Visual Motor Speed composite score of the ImPAC were the only 
outcomes with significative ICCs and acceptable dB between the two seasons. Neurotracker was the only 
outcome with a significative bias (+0.179).
Conclusion: Our research suggests that the Neurotracker has an acceptable level of test–retest reliability 
after one year in comparison to the ImPACT.

ARTICLE HISTORY 
Received 14 October 2021  
Accepted 1 August 2022 

KEYWORDS 
Concussion; mild traumatic 
brain injury; neurotracker; 
3D-MOT; ImPACT

Introduction

Mild traumatic brain injury (mTBI) is a common injury in 
sport (1) that has seen its incidence progress considerably since 
the start of the century (2). Student athletes from high school to 
university represent the majority of the population at risk of 
sustaining an mTBI (1,3,4) especially if they play a contact 
sport such as hockey or soccer (4). mTBI is the result of direct 
or indirect biomechanical forces transmitted to the head which 
are common when playing sports, such as head-to-head (direct 
contact) or a fall on the buttocks (indirect) (5). This injury is 
due to a complex local cerebral pathophysiological process 
leading to the rapid onset of neurological symptoms (5,6). 
Usually, patients present with physical and cognitive symp-
toms, sleep disturbance and psychological alterations (6). It is 
expected that the majority of athletes recover within a month 
after the injury (7–9); however, 10% to 30% of individuals 
experience a delayed recovery (10–12).

To ensure the appropriate management, an athlete must 
receive a diagnosis shortly upon injury. Still, identifying and 
treating sport-related mTBI is complex since health care profes-
sionals (HCP) must take quick and reliable decisions in order to 
limit a player’s withdrawal time while protecting them without 
any clear pathognomonic signs. In fact, to date, there is no single 
test or imaging method capable of detecting this pathology 

(6,13,14). This leaves some HCP to trust mostly their clinical 
suspicion of mTBI when a direct or indirect hit to the head is 
associated with symptoms, a situation less than ideal to ensure 
optimal management (15). To overcome this challenge, multi-
modal assessments should be repeated over time and include 
physical and neurocognitive functions, signs and symptoms, 
cranial nerves, and balance (6). The objective of these assessment 
tools is first to identify the affected functions following the injury 
and then to follow the athletes’ progress throughout recovery.

Symptoms questionnaires are at the basis of the diagnostic 
assessment because of their low cost and simplicity. But, 
a weakness inherent in all questionnaires is the use of self- 
reported measures since up to a third of athletes involuntarily 
fail to mention symptoms(16) and others voluntarily distort 
their answers, hence the importance of not using them alone 
(17,18). Cognitive functions can be evaluated objectively and 
tend to return to normal later than symptoms (19,20) thus 
providing an opportunity to be more sensible to the later 
recovery stages of mTBI. The use of diverse neurocognitive 
tests investigating memory, attention, executive functioning, 
language and perception is recommended (5,8,21,22) as it 
reflects cerebral capacities (23,24). In the absence of direct 
measurement of brain function sensible to mTBI, these indirect 
measurements represent the best avenue for HCP (25).
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Because a higher risk of re-injury is associated with mis-
diagnosis and early return to sport (26), the selected assessment 
tools must be particularly sensitive and reliable to identify 
injured athletes with certainty. While a variety of assessments 
tools exists, first-line HCP are only reporting a moderate level 
of self-efficacy in the assessment and management of athletes 
sustaining a sport-related mTBI (27). The challenge keeps 
rising since specific populations and age groups (28–31) are 
known to perform at different levels during neurocognitive 
tests even when healthy. Thus, for athletes, the comparison to 
normative data to identify the extent of the injury and follow 
the recovery is associated with a higher risk of false-negative 
(32). Recommendation is then to use a preseason baseline 
assessment to subsequently compare the result in case of 
a mTBI (5,32,33).

Frequently used as a baseline, the Immediate Post- 
Concussion Assessment and Cognitive Testing (ImPACT 
application inc., USA) is the most widely used and studied 
computer-based neurocognitive assessment of mTBI in both 
sport and clinical settings in North America (18). Consisting of 
six different tests and one symptoms questionnaire, the 
ImPACT has high internal reliability and can effectively iden-
tify neurocognitive changes resulting from mTBI in athletes 
(14,18,34). In addition, the results are reported to remain stable 
over time despite repeated exposure (35). A recent meta- 
analysis concluded that for the acute assessment of mTBI, the 
sensitivity is 81.9–91.4% and the specificity is 69.1–89,4% for 
a population of athletes (18). However, its detection capacity is 
limited beyond eight days post-mTBI (36). This represents 
quite a limitation for HCP tasked to follow the recovery of 
athletes over a longer period to ensure a proper return to sport.

In order to find a better assessment for the later stages of 
recovery from mTBI, the Neurotracker (CogniSens Industries, 
Canada) was proposed (37). Originally designed to assess and 
train sport performance in a virtual reality setting, the 
Neurotracker (37) is one of the most popular perceptual- 
cognitive training tool in sport (38). This device represents an 
interesting innovation in the context of mTBI because of its 
design which uses three-dimensional multiple object tracking 
(3D-MOT) to evaluate an individual’s ability to follow different 
moving targets through identical distractors, a sport-specific 
skill, while providing a measure of performance on the atten-
tional standpoint (37,39). Following mTBI, the perceptual- 
cognitive cerebral capacities allowing the execution of tasks 
integrating several stimuli seem to be the last to recover (40). 
A study among professional athletes, which evaluated partici-
pants at 48 hours after mTBI and at the time of the return play, 

showed that 3D-MOT correlated with mTBI symptoms and may 
be an indicator of the state of recovery through the entire 
process (41). Comparable results support the association 
between 3D-MOT performance and mTBI symptoms and sug-
gest it could be an effective assessment tool after the initial injury 
(42). Studies among the paediatric population demonstrated the 
same trend as symptomatic youths exhibited delayed perfor-
mance progression after repeated 3D-MOT exposure following 
mTBI (43,44). Although promising, there are no specific criteria 
for the clinical use of the Neurotracker to guide management 
after a mTBI and no studies have evaluated the test–retest 
reliability of 3D-MOT with regard to mTBI.

We aimed to compare the test–retest reliability of the 
ImPACT and Neurotracker tests for two consecutive years in 
university athletes playing sports at risk for mTBI to guide 
a complementary baseline utilization.

Methods

Participants

A convenience sample of university athletes practicing a sport 
at risk for mTBI were recruited in fall 2019 to be enrolled in 
a two-year research project (sporting seasons 2019–2020 and 
2020–2021). These came from the university soccer, hockey 
and cheerleading teams from University of Quebec at Trois- 
Rivières. At the start of the season, the participants included 
had to be 18 years of age and over, play competitively a sport 
representing a high risk of mTBI at the university level and be 
fluent in French or English. Athletes with an uncorrected 
vision disorder, a major neurological or orthopedic disorder 
limiting the assessment process, those who sustained a mTBI 
less than three months prior to enrollment and those using 
a new psychoactive medication during the last six months were 
excluded. Ethical approval was granted by the University of 
Quebec at Trois-Rivières’ research ethics committee and con-
sent were obtained from all participants.

Procedure

At the beginning of the first sporting season (2019–2020), 
a series of demographic information including sports back-
ground, mTBI history and health status were recorded before 
initiating data collection (Figure 1). Afterward, participants 
completed the Neurotracker and ImPACT, in random order, 
inside a low-light closed room under the supervision of 
a member of the research team. It took participants one hour 

Start of season 1  Start of season 2 

2019-2020  2020-2021 

Demographic informations, health status, 
sport and mTBI history 

Neurotracker 

ImPACT

Health status follow-up and mTBI history 

Neurotracker 

ImPACT

Figure 1. Experimental protocol.
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to complete the assessment. In the fall of 2020 at the beginning 
of the second sporting season (2020–2021), our team recon-
nected with the athletes from the 2019 to 2020 sporting season 
that still evolved within the same university teams. Following 
an update of their state of health and their sports practices, 
participants again completed the evaluations by Neurotracker 
and ImPACT, similarly to season. The athletes did not take 
part in any Neurotracker or ImPACT evaluations between the 
two seasons aside from this study.

Measures

3D-MOT (neurotracker)
Using a projector, the Neurotracker’s three-dimensional 
interface was presented to the participants wearing active 
3D glasses and seated 1.5 meter from a 60-inch screen. 
Referring to Figure 2, a Neurotracker trial consists of the 
following five steps: a) eight balls of similar shape and color 
are randomly arranged in the Neurotracker interface: partici-
pants are encouraged to fixate a dot in the center of the 
projection throughout the assessment; b) four balls which 
are identified as the targets to be tracked during the trial 
become highlighted for a few seconds; c) targets return to 
their original appearance as a period of random movement 
lasting a total of 8 seconds begins; d) the participant must 
identify the targets through the distractors; e) feedback on 
trial performance is visually provided to the participant. The 
CORE assessment mode, being the most widely utilized in the 
Neurotracker literature, was selected (42–52). A series of 20 
trials corresponds to one session and each laboratory encoun-
ter a total of three sessions. Each session provides a measure 
of performance on the task, known as speed threshold, 
a measure of visual perceptual skills in meters per seconds. 
The speed at which targets move within the 3D environment 
depends on participants’ performance and varies according to 
Levitt’s staircase theory (53). A positive response causes the 
balls (targets and distractors) to move faster, while an incor-
rect response reduces the speed of the next trial (37,49). 
A two-minute break was provided to participants between 
sessions, until three speed thresholds were obtained.

Immediate post concussion assessment and cognitive test 
(impacT)
The ImPACT Online Version test battery was completed on 
a laptop using the keyboard and touchpad, in an isolated room 
(18). The assessment begins with the Post-Concussion Symptom 
Scale (PCSS), a questionnaire reporting intensity of 22 common 
symptoms following mTBI, on a Likert scale from 0 to 6 (6 = 
severe). Then, participant completed six neuropsychological 
assessment modules: word memory, design memory, X’s and 
O’s, symbol match, color match and three letters. The ImPACT 
system uses these modules to calculated composites scores of 
verbal and visual memory, visual processing speed, reaction time 
and cognitive efficiency along with the symptom score (54).

Analysis

We analyzed test–retest reliability between the two sporting 
seasons for the Neurotracker and the composite scores of the 
ImPACT with three main criteria: intra-class correlation 
(ICC), Becker’s standardized mean difference (dB) and 
a Bland-Altman plot. ICC is an analysis of variance which 
reflects both the degree of correlation and agreement between 
repeated measurements (55). We selected a minimal degree of 
significance of < 0.05 to ensure the presence of a significant 
correlation between the two measures. dB was used to measure 
the effect that sporting season 1 scores have on the repeated 
measure the following year (sporting season 2). This method 
shows a limited bias and is recommended for one-group 
within-subjects designs such as the present study (56). The 
result represents the mean change between measurements as 
a multiple of the effect size. An outcome has higher reliability 
when it’s dB is close to 0 and has a small confidence interval. 
Finally, a Bland-Altman plot for each outcome was created to 
illustrate the level of agreement between season 1 and 2 results 
(55). The analysis produces a scatterplot of every participants 
in which the X-axis represents the average results of both 
seasons [(T0 + T1)/2], and the Y-axis represents the difference 
(T0 – T1) between the two seasons (57). The agreement level 
can be observed from the distribution of the individual data 
points on either side of the zero. The Bland-Altman allows us 

Figure 2. Neurotracker’s trial’s five steps.

Table 1. Participants’ characteristics.

Number (% female) Mean age (years) Sport Experience (years) History of mtbi (n) Average number of previous mtbi†

Hockey 15 (0) 21.9 15.8 10 1.2
Soccer 11 (0.45) 21.6 17.0 4 4.0
Cheerleading 4 (0.75) 23.1 5.0 2 1.5
Total 30 (0.27) 22.0 14.8 16 2.0

mTBI: Mild Traumatic Brain Injury †: Average number of previous mTBI among those who reported a prior history of mTBI
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to calculate the bias between each season and its associated 
slope. The bias is considered systematic between the measure-
ments if its slope has a p > 0.05. We additionally subjected our 
results to paired t tests and calculated Pearson’s correlation 
coefficients (r).

Results

Participants

University athletes (n = 77) were enrolled in the study protocol 
at the start of season 1. Of those, 30 took part in the season 2 
evaluation (Table 1). Most of the attrition is due either from 
athletes resigned from their team, not on campus for sport 
participation due to the COVID-19 pandemic or not respond-
ing to our contact efforts during the season 2 recruitment 
period. Thus, the sample size for both sporting seasons con-
sisted of 30 participants (22 males: 8 females) with a mean age 
of 22.0 years (SD = 0.78) and practicing either ice hockey 
(n = 15), soccer (n = 11) or cheerleading (n = 4). A total of 
16 athletes reported prior mTBI history, however, none of the 
returning participants sustained an mTBI between the two 
assessments. A total of six participants had incomplete 
ImPACT data (technical issue with the software or partici-
pants’ schedule) which led to the analysis of 30 pairs of 
Neurotracker results and 24 pairs for the ImPACT.

Test-retest reliability

ICCs between the two seasons ranged between 0.171 and 0.628 
for the Neurotracker and ImPACT. Significant ICC (p value < 
0.05) were solely reported for the Neurotracker (0.628; 95% C.I. 
0.355–0.803) and the Visual Motor Speed (VMS) score of the 
ImPACT (0.543; 95% C.I. 0.185–0.776) (Table 2 .

Becker’s d (dB) varied between −1,861 and 1.154 with five 
outcomes out of eight under the 1.0 mark. As illustrated by the 
forest plot (Figure 3), VMS (0.230; 95% C.I. −0.15–0.61), 
Reaction Time (−0.352, 95% C.I. −0.87–0.17), Cognitive 
Efficiency Index (0.333; 95% C.I. −0.22–0.89), Total Symptom 
Score (0.107; 95% C.I. −0.37–0.58) and Number of Symptoms 
(0.233; 95% C.I. −0.28–0.75) of the ImPACT all had a CI cross-
ing zero demonstrating good reliability between the average 
results of the two seasons. Neurotracker (0.436; 95% C.I. 0.14– 
0.73) had a smaller CI than every ImPACT outcome which could 
demonstrates less variability between individuals., but it’s CI did 
not cross zero. The scores of Verbal Memory (1.15; 95% C.I. 
0.46–1.84) and Visual Memory (−1.86; 95% C.I. −2.64 – −1.08) 
demonstrated poor reliability with high dB values and wide CIs.

Neurotracker’s Bland-Altman plot (Figure 4) demonstrates 
an acceptable distribution of the participants’ performances. 
A positive bias of 0.179 is represented by the bold black dotted 
line while the bold line is the bias’ slope (0.083; −0.244–0.41). 
Since the slope’s p value of 0.607 is greater than previously 
established significance level, we can conclude that the bias is 
systematic because it is not statistically different from the 
horizontal. A similar analysis was performed for every 
ImPACT outcome and we reported the error of measurement 
along with the minimal detectable change (MDC).

Pearson’s correlations between baseline assessments ranged 
from 0.03 to 0.697. These results were in accordance with the 
ICCs as only Neurotracker (0.697) and Visual Motor Speed of the 
ImPACT (0.548) presented a moderate but significant correlation.

While Visual Memory (−.030) and Cognitive Efficiency 
Index (0.045) of the ImPACT showed the lowest scores.

Significant difference of the mean scores calculated by t test 
was found for three outcomes: Verbal Memory (0.001), Visual 
memory (0.001), and Neurotracker (0.005). On average, 

Table 2. Reliability statistics of the Neurotracker and the ImPACT.

Season 1 Season 2 ICC 
[95% CI] 

(p)

Becker’s d 
[95% CI]

Bias Bias’ slope 
[95% CI] 

(p)

Error MDC r 
(p)

t 
(p)

Neurotracker M (SD) = 1,233 
(0,401) 

SEM = 0,073

M (SD) = 1,413 
(0,43) 

SEM = 0,079

0,628 
[0.355; 0.803] 

(<.001*)

0,436 
[0.14; 0.73]

0,179 0,083 
[−.244; 0.410] 

(0.607)

0,636 0,665 0,697 
(<.001*)

−3,026 
(0,005*)

Verbal memory M (SD) = 76,167 
(12,398) 

SEM = 2,53

M (SD) = 90,958 
(9,134) 

SEM = 1,865

−0,41 
[−.690; −0.019] 

(0.980)

1,154 
[0.46; 1.84]

14,79 −0,699 
[−1.682; 

0.284] (0.155)

32,4 35,73 −0,159 
(0.457)

−4,384 
(0,001*)

Visual memory M (SD) = 91,375 
(5,844) 

SEM = 1,193

M (SD) = 80,125 
(13,44) 

SEM = 2,743

−0,232 
[−.571; 0.178] 

(0.869)

−1,861 
[−2.64; −1.08]

−11,25 1,394 
[0.733; 2.055] 

(<.001*)

29,04 16,31 −0,030 
(0.889)

3,72 
(0,001*)

Visual motor 
speed

M (SD) = 39,583 
(4,853) 

SEM = 1,012

M (SD) = 40,657 
(4,645) 

SEM = 0,968

0,543 
[0.185; 0.776] 

(0.003*)

0,230 
[−.15; 0.61]

1,14 −0,042 
[−.514; 0.430] 

(0.854)

8,68 8,88 0,548 
(0.007*)

−1,14 
(0,266)

Reaction time M (SD) = 0,626 
(0,085) 

SEM = 0,173

M (SD) = 0,595 
(0,109) 

SEM = 0,222

0,171 
[−.236; 0.529] 

(0.204)

−0,352 
[−.87; 0.17]

−0,03 0,409 
[−.305; 1.124] 

(0.248)

0,24 0,214 0,186 
(0.385)

1,209 
(0,239)

Cognitive 
efficiency 
index

M (SD) = 0,325 
(0,085) 

SEM = 0,018

M (SD) = 0,344 
(0,158) 

SEM = 0,034

0,055 
[−.360; 0.456] 

(0.399)

0,333 
[−.22; 0.89]

0,03 0,831 
[0.081; 1.581] 

(0.031*)

0,34 0,257 0,045 
(0.841)

−0,51 
(0,616)

Total Symptoms 
Score

M (SD) = 7,833 
(6,04) 

SEM = 1,233

M (SD) = 8,50 
(6,852) 

SEM = 1,399

0,307 
[−.096; 0.625] 

(0.065)

0,107 
[−.37; 0.58]

0,66 0,398 
[−.314; 1,109] 

(0.259)

15,07 14,03 0,293 
(0.165)

−0,425 
(0,675)

Number 
symptoms

M (SD) = 4,625 
(3,118) 

SEM = 0,636

M (SD) = 5,375 
(3,965) 

SEM = 0,809

0,193 
[−.214; 0.545] 

(0.174)

0,233 
[−.28; 0.75]

0,75 0,194 
[−.456; 0.844] 

(0.541)

8,92 7,78 0,191 
(0.371)

−0,807 
(0,428)

ICC: Intraclass Correlation Coefficient; M: Mean; MDC: Minimal Detectable Change; r: Pearson’s correlation; SD: Standard Deviation; SEM: Standard Error of the Mean; t: 
t test; *: p < 0.05
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athletes performed better on the second year, although not 
significatively, for every outcome with the exception of Visual 
Memory and Symptoms on the ImPACT.

Discussion

We examined the one-year test–retest reliability of the 
Neurotracker’s speed threshold and the ImPACT’s composite 
scores among university athletes. Based on multiple statistical 
analysis, our results suggest that both the VMS of the ImPACT 
and the Neurotracker’s speed threshold have an acceptable 
level of test–retest reliability while the other outcomes demon-
strate limited reliability over a one-year period.

To our knowledge this study is the first to report test-retest 
reliability for the Neurotracker when used as a baseline mea-
sure of performance. A significant correlation from seasons 1 
and 2 was observed for this measure with a moderate strength 
when considering its associated ICC (0.628). Effect size, por-
trayed by dB, was higher than most of ImPACT composite 
scores but had a smaller confidence interval, suggesting less 
variability among individuals.

The significant augmentation of the mean speed threshold 
scores between the two seasons, evidenced by the bias’s slope 
and the t test, could justify a raise of effect size and imply 
a good level of reliability if practice effect is considered. Our 
results are consistent with a recent systematic review by Vater 
and al. (2021) which suggests that various populations (ath-
letes, students, healthy young and old adults, military, children 
with mTBI, children with neurodevelopmental disorders) 
improve their speed threshold with various level of practice 
(38). This practice effect was acknowledged by the founders of 
Neurotracker who published in-house data suggesting that 
initial fluctuations are to be expected but tend to stabilize 
after the first three assessments (37).

The ImPACT composites scores presented mixed results of 
test-retest reliability with the VMS outcome being the most 
reliable. Correlation of scores between seasons range from low 
to moderate strength in regard to ICC (0.171–0.543) with only 
VMS (0.543) attaining moderated strength (0.50–0.75) and 
reaching significance. Those values are notably low in compar-
ison to previous reports. Using the same one-year timeframe as 
our study, ImPACT composite scores had higher values of ICC 

Figure 3. Becker’s effect size forest plot.

Figure 4. Bland-Altman plot: Neurotracker.
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(0.62–0.82) for high school athletes (58). Other studies using 
test–retest intervals ranging from 7 days to two-years also had 
higher ICCs (0.21–0.88) with most scores demonstrating mod-
erate or strong correlation between assessments (35,59–62). 
Inspection of these reports highlights a tendency of reduced 
reliability over time for the ImPACT. Lower ICCs when eval-
uating test-rest reliability of the ImPACT, as in the case of our 
study, were previously reported by Broglio and al. (2007) who 
only found weak ICCs (0.23–0.39) after an interval of 45 days 
(16). Their protocol included three different cognitive assess-
ments completed within the same session as the ImPACT, as 
opposed to most of the previously cited articles that focused 
solely on the ImPACT. The only exception being Nelson and 
al. who used two neurocognitive tests, but their results came 
from a protocol of repeated exposure within 1, 8, 15, and 
45 days from baseline which could favor stability between 
sessions (62). Since we evaluated the Neurotracker and the 
ImPACT one after the other, it could be hypothesized that 
athletes suffered from fatigue and a lower level of attention 
which could explain less reliable results when multiples tests 
are utilized. The effect size results were favorable for all 
ImPACT composite scores with the exception of Verbal 
Memory and Visual Memory, two outcomes that changed 
significantly between both seasons, thus demonstrating 
a considerable level of variability.

Practice effect is an important limitation to retesting relia-
bility and thus must be accounted for. If we are excluding 
Verbal and Visual Memory of the ImPACT because of their 
sub-bar reliability, our athletes only significatively improved 
their speed threshold (+0,179 m/s) on the Neurotracker. This 
phenomenon could represent a value of expected change 
between the first two measurements. Thus, an adjustment to 
deduct it from the follow-up performance could be consid-
ered to improve reliability. Nevertheless, the cause for such an 
improvement with limited exposition can be hypothesized to 
be the result of three processes (1): a true improvement of the 
cognitive function isolated by the test (2) improved familiar-
ity with the test functioning (3); increase in test-specific 
knowledge, such as optimal strategy (63). To isolate true 
cognitive changes, it appears that repeated baseline testing 
could mitigate the other factors of performance (63). The 
absence of a significative practice effect for the ImPACT as 
oppose to Neurotracker’s scores could be linked to two fac-
tors. First, the ImPACT uses different versions of each test 
within its program for every assessment while the 
Neurotracker trials are always similar. Second, the lack of 
experience athletes had with the 3D-screen of the 
Neurotracker in comparison to the laptop use for the 
ImPACT may have led to a more significant improvement 
in test-specific knowledge between evaluations.

Interestingly, the most reliable outcomes, Neurotracker’s speed 
threshold and VMS of the ImPACT, both evaluate neurocognitive 
processes relying on visual functions. Similar to our results, across 
similar studies VMS is reported to be the most reliable outcome of 
the ImPACT (18). It is proposed that cognitive processes tested by 
VMS and Neurotracker are constantly solicited to perform activ-
ities requiring high visual indexing capacity like team sports 
(28,29). Since the goal when following athletes post-mTBI is to 
assess their ability to return to play safely, the evaluation of those 

outcomes seems to fit the need of both transferability and relia-
bility. The actual recommendation to confirm mTBI associated 
impairments with the ImPACT is the presence of a significant 
reduction in a minimum of two of the five composite scores (18). 
However, our results of low reliability for the two memory out-
comes suggest that this rule might need to be reconfirmed within 
the university population when baseline is done annually.

Finally, our results should be considered in regard to their 
limitations. Participants retention was low with more than half 
lost to follow-up leaving us with a limited sample size that could 
explain the generalized high MDC values. This situation also 
caused an imbalanced group of athletes in term of gender and 
sport. The context of the COVID-19 pandemic greatly affected 
sport participation of the included athletes who lost a major part 
of their training in the first season post-recruitment. Still, this 
represented a unique occasion to examine the effect of such 
a forced pause on concussion baseline testing, with the effects of 
sport participation taken out of the portray. Future research 
should investigate if organized sport’s participation should be 
considered when selecting the optimal test-retest interval.

As sports teams try to optimize mTBI management with 
new technology, reliability data must be taken into account. 
We can conclude that the Neurotracker demonstrates an 
acceptable level of test-retest reliability after one year in com-
parison to the ImPACT. Although a predictable practice effect 
is present within the first sessions, the Neurotracker demon-
strated equal or better reliability than every composite scores of 
the ImPACT. Among the composite scores of the ImPACT, 
VMS was the most reliable while Visual Memory and Verbal 
Memory should be analyzed with caution.
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