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ABSTRACT 23 

Background: Eye tracking technologies and methodologies have advanced significantly in 24 

recent years. Specifically, the use of eye tracking to quantitatively measure oculomotor and 25 

psychophysiological constructs is gaining momentum. Reaction time has been measured in a 26 

number of different ways from a simple response to a stimulus to more challenging choice or 27 

discrimination responses to stimuli. Traditionally, reaction time is measured from the 28 

beginning of a stimulus event to a response event and includes both visual and motor response 29 

times. Eye tracking technology can provide a more discrete measurement of reaction time to 30 

include visual components such as visual latencies and visual speed, and can identify if the 31 

person was looking at the target area when a stimulus is presented. The aim of this paper was 32 

to examine the reliability of the simple reaction time, choice reaction time, and discriminate 33 

reaction time tests measured using eye tracking technology. Additionally, we sought to 34 

establish performance norms and examine gender differences in reaction time in the general 35 

population. A final objective was to conduct a preliminary comparison of reaction time 36 

measures across different populations including non-athletes, athletes, and individuals that 37 

had sustained a traumatic brain injury.  38 

Methods: A sample of 125 participants were recruited to undertake test-retest reliability, 39 

analysed using Cronbach’s alpha and intraclass correlation coefficients. A different data set of 40 

1893 individuals, including athletes (n = 635), non-athletes (n = 627) and people with 41 

traumatic brain injury (n = 631) were compared using MANOVA to explore group 42 

differences in reaction time. 43 

Results: Results demonstrated that overall, the tests had good test-retest reliability. No 44 

significant differences were found for gender. Significant differences were found between 45 

groups with athletes performing best overall. Reaction times of people with traumatic brain 46 
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injury were overall much more variable, showing very large standard deviations, than those of 47 

the non-athletes and athletes.  48 

Conclusions: Future research should consider the accuracy of eye movements and various 49 

demographic variables within groups. 50 

Keywords: eye-tracking, vision, traumatic brain injury (TBI), concussion, athletes, simple 51 

reaction time, choice reaction time, discriminate reaction time 52 

 53 

54 
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Introduction 55 

Eye tracking has been employed across a broad number of disciplines to identify potential 56 

motor and cognitive issues, and evaluate and improve performance.1-5 Eye tracking can be 57 

used to gain an understanding of neurological function, identify neurological disorders, and 58 

assess and evaluate performance during driving, sporting and military activities.3, 4, 6 The 59 

ability to attend to, identify and react to various stimuli within our ever-changing 60 

surroundings is important for taking part in a broad range of activities involved in daily living 61 

and in demonstrating skill in sporting, driving or military tasks. Reaction time (RT) is the 62 

elapsed time between the presentation of a sensory stimulus (visual, auditory or tactile) and 63 

the subsequent behavioural response.7 The required response to the stimulus can be a single 64 

response to a single stimulus (simple reaction time; SRT), such as the press of a button when 65 

a light goes on or the response of an athlete starting to run when a starting gun sounds. 66 

Alternatively, choice reaction time (CRT) is the response to more than one stimulus when 67 

each stimulus requires a different response. CRT involves the recognition and interpretation 68 

of the stimulus before the response is initiated. Discriminate reaction time (DRT) requires a 69 

response to only one stimulus when several different stimuli are presented, such as 70 

responding to only the colour green and ignoring all other colours that are presented (Figure 71 

1).   72 

Figure 1. Diagrammatic representation of simple reaction time, choice reaction time and 73 

discriminate reaction time - adapted from (Magill, 2001). 74 
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 75 

Reaction time can be used to evaluate the performance of a motor skill and can 76 

provide information about how a person senses and interacts within their environment and 77 

how they attend to a specific task. Simple reaction time assesses a person’s ability to 78 

automatically respond to a stimulus and depends on intact sensory and motor pathways.8 79 

Choice reaction time (CRT) assesses a person’s ability to identify a stimulus and decide on an 80 

appropriate response. Discriminate reaction time (DRT) assesses a person’s ability to respond 81 

to specific stimuli and ignore other stimuli.  82 

RT is a measure of attention,8 however, measurement can be separated into perceptual 83 

and motor components (Figure 2). In RT tasks that use visual stimuli, saccadic latency 84 

(elapsed time between when a peripheral stimulus appears, and the eye moves from the 85 

central target), visual reaction speed (time between the start of a stimulus and when 86 

participant’s eyes hit target) and processing speed (time between when participant’s eyes hit 87 

the target and response) are often considered together. These components are not measured in 88 

traditional methods of measuring RT but this level of detail can provide valuable information 89 

to assist in parsing out the cognitive, attention, and motor components of the task. Physical 90 

ability has an impact on RT when the response requires the participant to perform a motor 91 

component such as pressing a button or touching a specific location on a screen or table. 92 

Simple reaction time is an automatic response; however, CRT and DRT requires that the 93 

participant identify the stimulus, make a choice about the response required and perform the 94 
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motor response. Issues in measuring RT include determining if the participant was looking at 95 

the target area and consistency in required response across tests. Eye tracking technology can 96 

capture this additional detail and provide a wealth of information that would not otherwise be 97 

captured in standard RT tests. 98 

Figure 2: Breakdown of events and time intervals related to the measurement of reaction time 99 

(adapted from (Magill, 2001). 100 

 101 

 102 

RT has been used in the assessment and training of sporting performance, driving 103 

research, neuropsychological testing, and exploring differences in brain function across 104 

medical conditions such as concussion, brain injury, multiple sclerosis, dementia, 105 

schizophrenia and autism.9-14 It can be affected by age, gender, handedness, central or 106 

peripheral vision, practice, fatigue, fasting, breathing cycle, personality type, exercise, and 107 

intelligence7,15 and has been demonstrated to reduce in older adulthood, likely because of 108 

changes in the central nervous system.10 Historically, males possess faster RTs compared to 109 

females, due to differences in motor responses as opposed to differences in muscle 110 

contraction.10,16-18 However, this difference has reduced over time with the inclusion of more 111 

females in physical and sporting activities.15 An increase in exercise and physical activity has 112 

been demonstrated to support faster RTs than in an individual with a sedentary lifestyle.15 It 113 

has also been documented that athletes in sports such as basketball and baseball have faster 114 

RTs than non-athletes and people with sedentary lifestyles.19-21 Again, this is likely to be the 115 
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result of improved attention, increased blood flow and faster central nervous system 116 

processing than changes in muscle strength and agility.22  Furthermore, RT has been used as a 117 

discriminator between expertise levels in athletes.23-28 Just as improved attention, increased 118 

blood flow, faster central nervous system processing is thought to result in faster RTs8, 119 

impairments in any of these areas because of trauma or disease is likely to reduce RTs. For 120 

instance, choice reaction time has been shown to be slower in people with brain injury due to 121 

changes to the motor pathways.8  122 

The literature exploring the use of eye tracking to measure RT has broadly focused on 123 

measurement of RT in different healthy and impaired populations, however, there is limited 124 

published data on the reliability and norms associated with tests of SRT, CRT and DRT using 125 

eye tracking. Standardised, reliable RT tests must be used to ensure that the test appropriately 126 

evaluates healthy, high functioning and/or impaired individuals as a one-off tool or to be able 127 

to compare changes to RT over time. A suite of eye tracking RT tests that include SRT, CRT, 128 

and DRT tasks have been developed based on frameworks outlined by Magill29 and other 129 

motor learning and motor control scientists.30 The feedback provided using the data collected 130 

from these tests include saccadic latency, visual reaction speed, visual information processing 131 

and (motor) RT. One important distinction between the framework outlined by Magill29 and 132 

the suite of eye tracking tests under investigation is the term RT. Eye tracking RT tests 133 

measure RT as the time between the presentation of a visual stimulus and the press of a 134 

button on a keyboard (Figure 3). Magill29 refers to this measure as response time (reaction 135 

time + movement time). 136 

Figure 3: Simplified breakdown of events and time intervals related to the measurement of 137 

reaction time 138 
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 139 

The aim of this paper was to examine a computerised suite of eye tracking RT tests 140 

(SRT, CRT, DRT) to establish reliability. Additional objectives included establishing 141 

performance norms and examining gender differences of the RT tests in participants from the 142 

general population. Finally, the study sought to explore differences in RT between different 143 

populations including non-athletes, athletes, and individuals that had sustained a traumatic 144 

brain injury. 145 

Methods 146 

Participants 147 

Participants were selected for the reliability and normative data for this study through 148 

advertisements placed on the internet, social media, bulletin boards, and via word of mouth. 149 

Two different sets of data were used in this paper: 125 participants were recruited for the test-150 

retest reliability and normative analysis; and 1893 participants were used for the analysis of 151 

group differences. This included athletes (n = 635), non-athletes (n = 627) and people with 152 

traumatic brain injuries (TBI; n = 631). To ensure an adequate sample size, a power analysis 153 

was conducted using Cronbach’s alpha of > 0.7 with alpha set at .05 and power set at 0.8.  154 
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We chose power of 0.8 given that test-retest reliability requires a correlation coefficient of 155 

>.65 as a minimum. Given the power analysis, a sample of 125 was deemed appropriate for 156 

the reliability analysis. 157 

Reliability and normative analysis 158 

A total of 125 participants between the ages of 18-40 years (Mean = 25.54, SD = 159 

4.62), where 50 (40%) were female and 75 (60%) were male, we tested in the first phase of 160 

this study. Of the 125 participants, 68% were white, 17% black, 8% Hispanic, 1% Native 161 

American and 6% opted not to report ethnicity. All participants passed pre-screening 162 

requirements. Exclusion criteria for normative data included participation in professional 163 

sport, and abnormal neurological, psychiatric, or vision disorders. Neurological disorders 164 

included traumatic brain injuries and all movement-related disorders including Parkinsonism. 165 

Vision-related issues that prevented successful calibration of the eye tracking tests (such as 166 

extreme tropias, phorias, static visual acuity of greater than 20/400, nystagmus, cataracts or 167 

eye lash impediments) caused exclusion from the test. Additionally, participants who had 168 

consumed alcohol or drugs in the 24 hours before the test, were excluded from the study. All 169 

participants provided informed consent to participate in this study in accordance with IRB 170 

procedure (IRB: UMCIRB 13-002660). Participants were compensated with a $20 gift card 171 

redeemable at a nationwide network of restaurants for their participation in the study. 172 

Differences in RT between non-athlete, athlete, and brain injury populations 173 

For the group differences analysis, data from a total of 1893 participants was tested. 174 

The data from the athlete sample was selected by coaches and vision specialists within teams 175 

who had used the suite of eye tracking tests using RightEye technology (n = 635). 176 

Participants were professional athletes from baseball, American football, soccer, and golf. 177 
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Participants with TBI (n = 631) were selected for the group analysis based on a diagnosis by 178 

a specialist (e.g. neurologist). Individuals in this group had a diagnosed traumatic brain injury 179 

and were between one and 180 days’ post-injury date. As part of a clinical assessment the 180 

participants were tested on suite of eye tracking tests using RightEye technology. Data from 181 

the non-athlete participants (n = 627) were selected for the group analysis if they did not have 182 

a TBI and were not professional athletes.  183 

Materials and Equipment 184 

All data was obtained using the following materials and equipment: The participants 185 

were seated in a stationary (non-wheeled) chair that could not be adjusted in height at a desk 186 

within a quiet, dimly lit private testing room in a commercial office or local library. The 187 

participants were asked to look at a NVIDIA 24-inch 3D Vision monitor that could be 188 

adjusted in height which was fitted with an SMI 12” 120 Hz remote eye tracker connected to 189 

an Alienware gaming system, and a Logitech (model Y-R0017) wireless keyboard and 190 

mouse. Each participant’s head was unconstrained during the testing.   191 

Testing Procedure 192 

After providing written informed consent, participants were asked to complete a pre-193 

screening questionnaire and an acuity vision screening test where they were required to 194 

identify four shapes presented on the screen; each shape measured 4mm in diameter. The 195 

4mm shape diameter equated to a visual acuity of 20/62 which was deemed adequate for 196 

testing as no stimuli was presented during the suite of tests was smaller. This ruled out the 197 

possibility that results could be impacted by poor visual acuity. If any of the pre-screening 198 

questions were answered positively or any of the vision screening shapes were not correctly 199 

identified via a verbal response, then the participant was excluded from the reliability and 200 
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norming portion of the study. Participants were then asked to sit in front of the eye tracking 201 

system at an exact distance of 60cm (ideal positioning within the head box range of the eye 202 

tracker) from the eye tracker for standardization before testing. A nine-point calibration test 203 

was conducted with points spanning the computer screen. Participants needed to pass all 204 

nine-points to proceed with testing. Upon successful calibration, the SRT, CRT and DRT 205 

tests commenced. Written instructions and animations were provided before each test to 206 

model appropriate behavior. The tests commenced immediately after one another. 207 

Simple Reaction Time (SRT). In the SRT test the participant viewed one stimuli and 208 

only gave one response (Figure 4). In this test, the individual looked at a 3cm target (solar 209 

system) located in the center of the screen, when their eyes were confirmed to be looking 210 

within the target, the center target changed shape randomly. When the participant detected 211 

that the target had changed (to an alien symbol), they were asked to press the number one on 212 

the keyboard. Reaction time was measured in milliseconds. Results were reported as an 213 

average across eight trials. Two practice trials were given before the eight test trials. The SRT 214 

testing took approximately four minutes to complete.  215 

Figure 4: SRT test sequence 216 

 217 
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      218 

Choice Reaction Time (CRT). In the CRT test the participant viewed three stimuli 219 

and was asked to provide one of three responses (Figure 5). In this test, the individual looked 220 

at a center target (solar system), when their eyes were confirmed to be looking within the 221 

target an arrow moved out from the center in one of four directions (up, down, left or right) 222 

for 8cm. A stimulus was presented at the end of the arrow once the final location was 223 

reached. There were three choices of stimuli each requiring a different response. There was 224 

one response per stimulus (e.g., number one button, number two button). Time to respond 225 

was measured in milliseconds and reported as an average across eight trials. Four practice 226 

trials were given before the eight test trials. If the practice trials were not completed 227 

adequately, the protocol required instructions to be re-read. None of the participants failed to 228 

complete the practice trials, therefore testing proceeded. The CRT testing took approximately 229 

five minutes to complete. Four metrics were calculated for CRT and averaged across trials. 230 

Saccadic latency was calculated as the time between the presentation of the arrow from the 231 

center target to the time when the eye began to move. Visual reaction speed was calculated as 232 
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the time between the presentation of the arrow from the center target to when the eye reached 233 

the stimulus. Processing speed was calculated as the time between when the eye reached the 234 

stimulus and the button is pressed and RT was calculated as an accumulation of both visual 235 

reaction speed and processing speed. Response accuracy was also calculated as the 236 

percentage of correct choices in responses (Figures 6 & 7).  237 

Figure 5: CRT test sequence. Stimuli can appear at one of four locations (north, south, east, 238 

and west). 239 

 240 

 241 

Figure 6: CRT test proportional breakdown of events and time intervals related to the 242 

measurement of reaction time. SL = saccadic latency; VRS = visual reaction speed, PS = 243 

processing speed, GP = non-athlete, TBI = traumatic brain injury. 244 
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 245 

Figure 7: DRT test proportional breakdown of events and time intervals related to the 246 

measurement of reaction time. SL = saccadic latency; VRS = visual reaction speed, PS = 247 

processing speed, GP = non-athlete, TBI = traumatic brain injury. 248 

 249 

 250 

 251 

Discriminate Reaction Time (DRT). In the DRT test the participant viewed three 252 

stimuli and was required to respond to only one stimulus (see Figure 7). In this test, the 253 

participant looked at a center target; when their eyes were confirmed to be looking within the 254 

target area, an arrow moved out from the center in one of four directions (up, down, left or 255 

right) for 8cm. At the end of the arrow, a stimulus was presented. There were three choices of 256 

stimuli. Only one stimulus required a response from the participant, which was to press the 257 

number one button on the keyboard. Time to respond was measured in milliseconds and 258 

reported as an average across eight trials where the correct stimuli was presented. A total of 259 
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12 overall trials were shown to the participant. Four practice trials were given before the eight 260 

test trials. The DRT testing took approximately five minutes to complete. The same five 261 

metrics for CRT were also calculated for DRT and averaged across trials. 262 

Figure 8: DRT test sequence. Stimuli can appear at one of four locations (north, south, east, 263 

and west).   264 

 265 

Validity by Design 266 

Validity by design (face or priori validity) is concerned with whether the test seems to 267 

measure what is being claimed that it measures. The suite of reaction time tests using 268 

RightEye technology have several validity by design elements built into the test. This falls 269 

into two categories, test stimuli and test logic and flow. In addition, to ensure overall testing 270 

accuracy, each tester is trained on how to perform each test with accuracy and consistency. 271 

Each tester is given one-hour of dedicated training concluding with a test in the form of a 272 

demonstration to an experienced tester prior to administering the tests to any participants. 273 

Test stimuli: Prior to the initiation of each test, a distance box is shown on the 274 

instruction screen that allows the tester to see the distance the participant is sitting from the 275 
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screen. This metric is reported in real-time. Distance from the screen is an important validity 276 

metric to the various visual outputs provided by the tests. This ensures distance is compliant 277 

with requirements. All stimuli presented are the same size to ensure no conflict in results. The 278 

stimuli are always white and background of the screen always black in these tests to ensure 279 

maximum contrast for people with possible color deficiencies.  280 

Test logic and flow: For each RT test the remote eye tracker can recognize the precise 281 

location of the participants’ eyes. Using this information, stimuli is controlled to ensure 282 

accuracy in results. For example, the test does not show the next stimuli presentation (trial) if 283 

the eyes are not located within the center of the screen. When the eyes are within the center 284 

of the screen the stimuli are then presented, ensuring the same starting point for every trial. 285 

Stimuli are randomly presented in terms of time and location. The random nature prevents 286 

predictability of the test thereby adding another layer of validity to the results. To ensure 287 

there is no impact on the results due to possible confusion at the beginning of a test, there are 288 

always practice trials presented (2 for SRT and 4 for CRT and DRT). Finally, should a 289 

participant fail to respond to a minimum number of stimuli (<4) per test, then the results are 290 

flagged and decisions can be made by the tester as to whether the test needs to be redone. All 291 

stimuli, test logic and flow decisions enhance the suite of reaction time tests using RightEye 292 

technology thereby providing further confidence in the accuracy of the results.  293 

Data Analysis 294 

Reliability and normative analysis 295 

Reliability of the RT measures was evaluated using intraclass correlation coefficients 296 

(ICC) between trials. In addition, test-retest reliability was evaluated with Cronbach’s alpha 297 

(CA) and the standard error of measurement (SEM) for each ICC. Alpha level was set at p < 298 

0.05 for all statistical tests. The ICC indicates the relative reliability and are interpreted using 299 
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the following criteria ICC > 0.75 specifies excellent reliability and 0.40 < ICC > 0.74 300 

represents fair to good reliability33.   301 

Differences in RT between non-athlete, athlete and brain injury populations 302 

To test the differences between groups the following statistical analyses were applied: 303 

Alpha was set at p < 0.05 for all statistical tests. For multivariate analyses of variance 304 

(MANOVA), significant main effects and interactions were evaluated through follow-up 305 

univariate analysis of variance (ANOVA) tests. Tukey’s HSD post-hoc analysis was used 306 

when necessary to evaluate significant main effects. When necessary, violations of the 307 

sphericity assumption were corrected using Greenhouse-Geisser adjustments of the degrees 308 

of freedom.   309 

Results 310 

The descriptive statistical output for each variable demonstrates the data was normally 311 

distributed. In addition, skewness and kurtosis values were not significant for any of the 312 

variables. Irrespective of the trial size, the data met the assumption of normality. 313 

Furthermore, the data met the assumption of homogeneity of variance (i.e., variances will 314 

remain the same across groups) as Levene’s test with each case resulted in p greater than 315 

0.05. Because of these findings there were no excessive RT trials and as such no collected 316 

data was excluded from the analysis.  317 

Reliability and normative analysis 318 

Normative data, Cronbach’s alpha, intraclass correlation coefficients, and associated 319 

SEM for test reliability (Test 1 & Test 2) are reported in Table 1. Observations for several 320 

variables demonstrated strong reliability. Several Cronbach’s alphas were above an 321 

acceptable level of 0.7 which is considered ideal.31 Per George and Mallery’s 32 criteria, nine 322 
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of the 11 eye tracking variables demonstrated Acceptable (0.7) to Excellent (0.9) test-retest 323 

reliabilities. Only two eye tracking variables demonstrated Questionable (0.6) reliability and 324 

no variables were found to have Unacceptable (< 0.5) test-retest reliabilities.  325 

Calculated SEMs for the following SRT and CRT: RT, DRT: processing speed and 326 

RT suggest these measures represent an accurate assessment. All ICC were statistically 327 

significant at the p < 0.05 level. The test-retest reliability and internal consistency does 328 

provide a clear indication these are in fact measuring variants of reaction time.  329 

Using a multivariate analysis of variance (MANOVA), we compared gender for all 330 

dependent variables. This analysis revealed a non-significant finding (Wilks’ Lambda = 331 

0.927, F(9, 160) = 1.41, p = 0.188) so no further follow-up ANOVAs were conducted for this 332 

variable.  333 

Differences in RT between non-athlete, athlete and brain injury populations 334 

A multivariate analysis of variance (MANOVA) was employed to examine the group 335 

differences (athletes, non-athletes, individuals with traumatic brain injury) on the all RT 336 

measures. This test revealed significant main effects for Group (Wilks’ Lambda = 0.357, 337 

F(22, 1142) = 34.97, p < 0.001, Np
2 = 0.403). Follow-up tests revealed ANOVAs significant 338 

difference between Groups for all of the variables except CRT: RT metric (Table 2). Tukey’s 339 

post hoc test revealed the traumatic brain injury group differed from athlete and non-athlete 340 

groups on the following tests and metrics: SRT: RT, CRT: visual reaction speed, processing 341 

speed and response accuracy and DRT: RT. CRT: saccade latency, DRT: saccadic latency, 342 

processing speed and response accuracy differed between all three groups. The athlete group 343 

differed from the traumatic brain injury and general population groups DRT: response 344 

accuracy. 345 



 

Table 1: Descriptive statistics for test 1 and test 2 and trial-to-trial reliability  346 

         95% CI      

Test Type & Metric 

 

Mean 

  Std. 

Dev                             
  Std. 

Error       

                  

Lower 

           

Upper 

  Min     Max SEM CA ICC 

Simple RT Test            

Reaction Time (ms) T1 442.74 67.02 6.01 430.83 454.65 315.06 806.70 7.87 0.87 0.75 

 T2 444.90 76.32 6.85 431.44 458.46 341.80 992.13 8.23   

Choice RT Test            

Saccadic latency (ms)  T1 266.73 35.39 3.17 260.44 273.02 191.85 431.35 3.17 0.89 0.94 

 T2 264.65 35.80 3.21 258.29 271.02 188.53 401.46 3.21   

Visual Reaction Speed (ms) T1 143.63 19.06 1.71 140.23 147.01 103.30 232.26 1.71 0.94 0.89 

 T2 142.51 19.29 1.73 139.08 145.93 101.51 216.17 1.73   

Processing speed (ms)  T1 427.15 73.90 6.63 414.01 440.29 217.35 688.09 7.56 0.89 0.94 

 T2 423.81 75.51 6.78 410.38 437.23 161.32 692.30 7.20   

Reaction Time (ms)  T1 832.50 69.73 6.26 820.10 844.89 659.99 1094.34 7.36 0.80 0.66 

 T2 818.14 63.02 5.56 806.93 829.33 616.82 1029.13 6.63   

Response accuracy (%)  T1 6.86 0.86 .007 6.71 7.01 5.00 8.00 0.08 0.91 0.84 

 T2 6.88 0.83 .073 6.73 7.02 5.00 8.00 0.07   

Discriminate RT Test            

Saccadic latency (ms)  T1 241.46 31.06 2.78 235.93 246.98 164.57 367.03 2.78 0.56 0.41 

 T2 235.97 31.64 2.84 230.35 241.6 180.81 359.04 2.84   

Visual Reaction Speed (ms)  T1 148.00 19.04 1.70 144.60 151.37 100.87 224.95 1.71 0.56 0.41 

 T2 144.63 19.39 1.74 141.18 148.07 110.82 220.06 1.74   

Processing speed (ms)  T1 283.22 109.88 9.86 263.68 302.74 106.64 1117.55 10.26 0.78 0.58 

 T2 275.90 79.98 7.18 261.68 290.11 20.51 538.61 7.44   

Reaction Time (ms)  T1 678.94 122.08 10.92 657.23 700.63 509.89 1608.76 11.54 0.80 0.62 

 T2 659.60 79.03 7.09 645.55 673.65 484.86 961.52 8.12   

Response accuracy (%)  T1 7.31 0.71 .063 7.17 7.43 5.00 8.00 0.06 0.93 0.86 

 T2 7.27 0.67 .05 7.15 7.39 5.00 8.00 0.06   
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*p < 0.05; ms = milliseconds; RT = reaction time; T1 = test 1; T2 = Test 2; Min = Minimum; Max = maximum; CA = Cronbach’s Alpha; ICC = Intraclass 347 
Correlation Coefficient; SEM = Standard errors of measurement 348 
 349 

 350 

 351 

Table 2: Group differences on all RT tests 352 

Dependent Variable 

Athletes General 

population 

TBI 

F-statistic  Sig. Np
2 

Simple RT Test       

Reaction time (ms)  415.64 

(43.40) 

448.52 

(82.24) 

516.11 

(175.14) 
13.929 0.001 0.201 

Choice RT Test    
   

Saccadic latency (ms)  251.47 

(41.13) 

266.32 

(35.49) 

220.58 

(71.62) 
44.07 0.001 0.124 

Visual reaction speed (ms) 136.27 

(24.17) 

143.41 

(19.11) 

125.61 

(62.10) 
11.662 0.001 0.136 

Processing speed (ms)  419.50 

(79.68) 

430.92 

(83.03) 

598.44 

(220.34) 
102.85 0.001 0.248 

Reaction time (ms) 808.84 

(58.81) 

831.70 

(79.15) 

836.08 

(371.61) 
1.051 .363 0.003 
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Response accuracy (1-8)  7.22 

(0.82) 

6.87 

(0.88) 

7.17 

(0.99) 
10.402 0.001 0.132 

Discriminate RT Test    
   

Saccadic latency (ms)  232.31 

(29.31) 

239.65 

(32.66) 

216.12 

(56.15) 21.009 0.001 0.163 

Visual reaction speed (ms)  142.38 

(17.97) 

146.88 

(20.02) 

126.69 

(55.91) 20.944 0.001 0.142 

Processing speed (ms)  240.83 

(61.90) 

283.08 

(101.61) 

372.18 

(138.79) 49.57 0.001 0.237 

Reaction time (ms) 615.53 

(57.33) 

674.18 

(113.48) 

715.00 

(175.76) 21.758 0.001 0.065 

Response accuracy (1-8)  7.87 

(0.41) 

7.28 

(0.69) 

7.67 

(0.61) 63.804 0.001 0.170 

ms = milliseconds; RT = reaction time 353 

 354 

 355 

 356 

 357 



 

Discussion 358 

This study examined a suite of RT tests using RightEye eye-tracking technology. 359 

Normative data was based on 125 participants from various ethnic backgrounds and both 360 

genders. This data is an adequate reference for comparison for individuals within the general 361 

population, who are not professional athletes and do not have a TBI, between the ages of 11-362 

65.33 When comparing gender differences for this group, no significant differences were 363 

found. This finding aligns with more recent research describing the closing gap between 364 

gender differences in RT.7,15 Historically, males have been reported to have faster RTs 365 

compared to females.16,17 Changes in participation levels of females in sport and increases in 366 

physical activity levels is likely to have led to this reduced gender difference.15  367 

The RT tests were also examined for test-retest reliability using Cronbach’s alpha. 368 

Results demonstrate that overall, the suite of RT tests examined have good test-retest 369 

reliability and are reliable measures of RT. The SRT and CRT were found to have good to 370 

excellent reliability (∝ ≥ 0.80) and the DRT was found to have acceptable to excellent (∝ 371 

0.56 – 0.93) reliability. These results indicate confidence in the consistency of the RT tests 372 

over time. It is important to note that some of these metrics are novel due to the measurement 373 

ability of the eye tracker. For example, it is the first time the measures of saccadic latency 374 

and visual speed have been tested for reliability to the authors’ knowledge.  375 

The ICCs indicate the relative reliability of the tests. ICCs describe how strongly units 376 

in the same group resemble each other and are interpreted using the following criteria: ICC > 377 

0.75 specifies excellent reliability and an ICC of between 0.5 and 0.75 represents moderate to 378 

good reliability33. Taken together, the results revealed fair to excellent ICCs for all reaction 379 

time tests examined. Differences were found between non-athlete, athlete and TBI groups 380 

with large sample sizes (non-athlete = 627; athlete = 635, TBI = 631). Significant main 381 

effects and significant differences between groups were found for all but CRT: RT. To 382 
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effectively display group differences the proportional time spent on each metric per group is 383 

shown in figures 7 and 8.  384 

For the SRT test, the TBI group differed from athletes and non-athlete groups, and 385 

revealed slower SRT than the non-athletes and athletes. This is consistent with past research, 386 

where athletes have demonstrated faster RT responses than people in the general 387 

population19-21 and past research that has found SRTs in people with traumatic brain injury 388 

have been shown to be significantly slower than people in the general population because of 389 

changes to the motor and cognitive pathways.8  390 

For the SRT test, no significant differences were found between the athlete and non-391 

athlete groups, although the means show differences in expected directions with athletes 392 

being faster at 416ms (SD = 43) and non-athletes at 449ms (SD = 82). It is possible results 393 

were not significantly different due to the lack of information regarding some of the 394 

demographics in the non-athlete group. Although the non-athlete group was screened for TBI 395 

and reported not being athletes, other factors may have impacted results. For example, age, or 396 

other related activities such as driving or amateur sport may have improved SRT in some 397 

participants in the non-athlete group resulting in non-significant findings. This proposition is 398 

strengthened when reviewing the standard deviations which are almost twice as high for the 399 

non-athlete group compared with the athletes, indicating that the non-athlete group was 400 

overall a more variable sample compared to athletes.  401 

Interestingly, the standard deviations for all metrics across all RT tests were higher for 402 

the TBI group. The only exception was for the response accuracy in the DRT test. In some 403 

cases, the standard deviation is several hundred times higher (see Table 2 CRT: RT). The 404 

variability in this group could be interpreted as occurring because of the differences within 405 

the group based on time tested between injury (1-180 days) and a fundamental and 406 
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sustainable outcome of having a TBI within the last six months. There is some evidence to 407 

suggest RT remains more variable for many months after a diagnosed TBI. Ghajar and Ivry34 408 

demonstrated this by generation of saccades at earlier and more variable time points, as well 409 

as greater and more variable oculomotor error compared to those who were not 410 

neurologically impaired. In addition, Swick, et al. 35 demonstrated increased variability in RT 411 

tests in military veterans with post-traumatic stress disorder, of which more than 75% (34 of 412 

45) also had diagnosed TBI.  413 

Significant differences were also found between groups in the CRT and DRT tests. 414 

Results show that the TBI group was significantly faster than the athletes and athletes were 415 

significantly faster than non-athletes in the saccadic latency metric. The TBI group was also 416 

significantly faster in visual speed for CRT, which is moving from the center target to the 417 

peripheral target. For DRT, the TBI group also trended in faster visual reaction speed (M = 418 

127) compared to the athletes (M = 142) and GP (M = 147). At first glance, this seems 419 

counter to expectations. However, when reviewing this in the context of the other variables, 420 

particularly, processing speed, the results make sense. It seems the TBI group moved sooner 421 

to the target, but took significantly longer to process what was seen. This is consistent with 422 

past research showing that people with TBI can be impulsive and erratic.36 Furthermore, 423 

Goswami, and colleagues37 found that former professional athletes with histories of TBIs 424 

show the same results as the individuals with TBI group in this study, not the athlete group. 425 

Where the athletes with TBI showed greater impulsive behavior, which was linked to hot 426 

spots at the orbitofrontal and temporal ends of the uncinate fasciculus via MRI testing.  427 

Higher standard deviations, found in this study, would also support the finding that 428 

the traumatic brain injury group moved sooner but took much longer to process what was 429 

seen. This is consistent with Ghajar and Ivry34 who demonstrated that this population 430 

generated saccades at earlier and more variable time points. These results are also consistent 431 

http://topics.sciencedirect.com/topics/page/Saccade
http://topics.sciencedirect.com/topics/page/Oculomotor_nerve
http://topics.sciencedirect.com/topics/page/Saccade
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with research undertaken by Dockree and colleagues,38 whose results showed differences in 432 

people with TBI compared to non-TBI controls with increases in variability in response time 433 

for the TBI group. Furthermore, this variability was not found in the SRT task, where 434 

cognitive load and related processing speed requirements are much lower. Intuitively, it could 435 

be expected that the athletes would be fastest in the saccadic latency and visual speed metrics 436 

as athletes practice these skills more. Athletes were significantly faster than the non-athlete 437 

group, which is consistent with past research,39, 40 however athletes were significantly slower 438 

than the TBI group, which would further suggest impulsivity from the TBI group. Future 439 

studies should consider the visual pathway taken to the target and accuracy of the eyes 440 

“hitting” the target to further explore this issue in more granularity.   441 

Past research has also found slower processing time for people with TBI, as cognitive 442 

load increases.41-43 Processing time is seen to exponentially increase in people with TBI 443 

compared to those without.42 This study supports past research especially when viewing the 444 

information processing responses for people with TBI in CRT compared to DRT. It is 445 

unclear, from past research, where the lower response time values come from specifically as 446 

they have not been parsed out to include saccadic latency, visual speed, information 447 

processing and RT. However, several papers discuss the lower cognitive processing demands 448 

in SRT and DRT tests that are postulated to result in lower DRT response time scores.38, 42, 43 449 

Results in the current study support this postulation across all three groups, where the 450 

athletes, non-athletes, and people with TBI all had faster information processing scores in the 451 

DRT test than the CRT test (CRT: 420, 431, 598; DRT: 241, 283, 372 respectively). 452 

The TBI group was significantly slower in the RT metric for the DRT test (M = 715; 453 

SD = 176) compared to the non-athlete group (M = 674, SD = 113) and the athletes (M = 616, 454 

SD = 57). Significant differences were not found in RT between groups for CRT, although 455 

again results are in the expected direction (athletes: M = 809, SD = 59; GP: M = 832, SD = 456 
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79; TBI: M = 836, SD = 372). Such results are consistent with past research for both athletes 457 

and the TBI group.19-21 Historically, athletes have responded with faster RT’s compared to 458 

non-athletes.20 People with TBI have also responded slower than non-impaired individuals.11 459 

For the response accuracy metric results revealed significant differences. For the CRT 460 

test the TBI group differed from the athlete and non-athlete groups, where the athletes were 461 

more accurate and the non-athlete group was less accurate than the TBI group. The non-462 

athlete group was also less accurate than the athletes and TBI groups in the DRT test. 463 

Athletes were also most accurate on the DRT test. Well documented research shows that 464 

there is often a trade-off between speed and accuracy in both the CRT and DRT tests.44 When 465 

people are fast (speed) they often show lower accuracy. However, when they are slow, 466 

accuracy is increased. Results of this study show that athletes can be fast (RT metric) and 467 

accurate (response accuracy metric). The non-athlete group however, show more conflicted 468 

results between emphasizing speed over accuracy (CRT test) or accuracy over speed (DRT 469 

test). When comparing non-athletes to athletes, the athletes could manage speed and accuracy 470 

at high levels this may be due to the practice they have been given especially when RT 471 

requires a deadline.45 Decisions in real life scenarios rarely enjoy such temporal luxury for 472 

gathering evidence, but instead often need to be terminated before a pre-specified deadline, 473 

after which no reward can be earned (e.g., a quarterback throwing to a wide receiver). 474 

Furthermore, the stress induced by a faster response impacts RT44 and if athletes have more 475 

practice with RT deadline, this may mitigate the speed-accuracy trade-off, allowing them to 476 

be both quick and accurate. 477 

These results are also clinically useful in that the parsing out the cognitive, attention, 478 

and motor components of the task can allow clinicians to target therapies specifically to areas 479 

that need attention. For example, patients who have experienced TBI may show deficiencies 480 

in processing but not RT. Therapy tailored to processing issues are very different than 481 
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therapies to improve a motor response. Precisely targeting issues can potentially reduce 482 

therapy time allowing a patient to see more immediate results.  483 

In summary, athletes showed faster RT’s, spent less time processing what they saw 484 

and were most accurate in their responses. Athletes were also more like one another across all 485 

metrics with lower standard deviations. The TBI group was fastest in getting off the mark to 486 

the target (saccadic latency and visual speed) then took several hundred milliseconds longer 487 

to process what was seen and the react (RT). The TBI group was more accurate than non-488 

athlete group (but took significantly longer to respond) and were less accurate than the athlete 489 

group. The non-athlete group often fell between the TBI and athlete groups, by showing SRT, 490 

CRT and DRT RT metrics that were slower than athletes, and faster than the TBI group. The 491 

non-athlete group took longer to get started (saccadic latency and visual speed) than both the 492 

athletes and TBI group. Response accuracy for the non-athlete group was slower than both 493 

groups suggesting a possible speed-accuracy trade-off. 494 

Future research should consider the accuracy of the eye movements on the peripheral 495 

target. Specifically, consideration should be given to eye teaming, that is, did both eyes hit 496 

the target? How accurately was the peripheral stimuli targeted by the eyes? A possible 497 

limitation of this research is the non-random presentation of SRT, CRT and DRT tests to 498 

participants, possibly resulting in an order effect. Future research should also consider other 499 

demographic variables within these groups such as age, gender and ethnicity as well as a 500 

further examination of differences between sports. Finally, the TBI group was considerably 501 

more variable than the other groups, this may have been caused by the variation in post-injury 502 

dates and severity of the TBI. Future research should narrow these dates and classify the 503 

severity of the TBI. Consideration should be given to examining differences within the TBI 504 

group to include different injury classification and time ranges since injury, for example, 505 

severe TBI, within one week of injury, versus severe TBI, within 30 days of injury. 506 
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Conclusions 507 

The suite of reaction time tests using RightEye technology have been demonstrated to 508 

provide reliable measures of SRT, CRT and DRT. Normative data is adequate allowing 509 

future results and individual participants to be measured against norms. As expected, the tests 510 

demonstrated differences in RT between groups (athletes, non-athletes and people with TBI). 511 

Whereby athletes were overall, fastest in their RT and response accuracy, people with TBI 512 

were fastest in saccadic latency and visual speed, but significantly slower in processing 513 

speed. This study reveals that although visual metrics are not often calculated in RT tests, 514 

they can provide valuable information in these populations. Future research should focus on 515 

accuracy of eye movements to the peripheral target.   516 

 517 

Acknowledgments: 1st, 3rd, 4th and 5th authors are independent of the company (RightEye, 518 

LLC.) with no conflicts of interest. All analysis and results were conducted by the 1st, 3rd and 519 

4th authors. All data collection was conducted independently of RightEye by experienced 520 

vision specialists. The second author works for RightEye as a scientist, was blind to the 521 

analysis and followed all ethical considerations during the scientific and experimental 522 

process. Any potential conflict of interest has been mitigated through the inclusion of other 523 

authors that hold academic positions and have no affiliation with RightEye LLC or other 524 

conflict of interest.   525 

 526 

 527 

 528 

 529 

 530 

 531 



Reliability of eye-tracking reaction time tests 
 

29 
 

References 532 

1. Caroll M, Kokini C, Moss J. Training effectiveness of eye tracking based feedback at 533 

improving visual search skills. Int J Learning Tech 2013;8(2):147-68. 534 

2. Du W, Kim J H. Performance-based eye-tracking analysis in a dynamic monitoring task. 535 

Int Conf Augmented Cognition 2016;9477:168-77. 536 

3. Lai M-N, Tsai M-J, Yang F-Y, Hsu C-Y, et al. A review of using eye-tracking technology 537 

in exploring learning from 2000 to 2012. Edu Res Rev 2013;10:90-115. 538 

4. Tien T, Pucher P H, Sodergren M H, Sriskandarajah K, Yang G-Z, Darzi A. Eye tracking 539 

for skills assessment and training: a systematic review. J Surg Res 2014; 191(1): 169-178.  540 

5. Murray N, Hunfalvay M. A comparison of visual search strategies of elite and non-elite 541 

tennis players through cluster analysis. J Sports Sci 2017;35(3):241-6.  542 

6. Papagiannopoulou E A, Chitty K M, Hermens D F, Hickie I B, Lagopoulos J. A systematic 543 

review and meta-analysis of eye-tracking studies in children with autism spectrum disorders. 544 

Social Neuroscience 2014;9(6):610-32.  545 

7. Shelton J, Kumar G P. Comparison between auditory and visual simple reaction times. 546 

Neuroscience and Medicine 2010; 1(1); 30-32. 547 

8. Zomeren AH, Brouwer WH. Clinical neuropsychology of attention. Oxford: Oxford 548 

University Press; 1994. 549 

9. Gitchel G T, Wetzel P A, Baron M S. Pervasive ocular tremor in patients with Parkinson’s 550 

disease. Arch Neurol 2012;69(8):1011-7.  551 

10. Haynes B I, Bauermeister S, Bunce D. A systematic review of longitudinal associations 552 

between reaction time intraindividual variability and age-related cognitive decline or 553 

impairment, dementia, and mortality. J Int Neuropsychol Soc 2017; 23:431–45.  554 

11. Hetherington C R, Stuss D T, Finlayson M A J. Reaction time and variability 5 and 10 555 

years after traumatic brain injury. Brain Injury 1996; 0(7):473-86.  556 



Reliability of eye-tracking reaction time tests 
 

30 
 

12. Hugenholtz H, Stuss D T, Stethem L, Richard M T. How long does it take to recover 557 

from a mild concussion? Neurosurgery 1998;22(5):853-8. 558 

13. MacFlynn G, Montgomery E A, Fenton G W, Rutherford W. Measurement of reaction 559 

time following minor head injury. J of Neurology 1984;47(12):1326. 560 

14. Reicker L I, Tombaugh T N, Walker L, Freedman M S. Reaction time: An alternative 561 

method for assessing the effects of multiple sclerosis on information processing speed. Arch 562 

of Clin Neuropsych 2007;22(5):655-64.  563 

15. Jain A, Bansal R, Kumar A, Singh K D. A comparative study of visual and auditory 564 

reaction times on the basis of gender and physical activity levels of medical first year 565 

students. Int J of Applied and Basic Med Res 2015;5(2):124-7.  566 

16. Adam J J. Gender differences in choice reaction time: Evidence for differential strategies. 567 

Ergonomics 1999;42(2):327-35.  568 

17. Der G, Deary I J. Age and sex differences in reaction time in adulthood: Results from the 569 

United Kingdom Health and Lifestyle Survey. Psychology & Aging 2006;21(1):62-73. 570 

18. Nikam L H, Gadkari J V. Effect of age, gender and body mass index on visual and 571 

auditory reaction times in Indian population. Indian J Physiol Pharmacol 2012:56(1):94-9. 572 

19. Ghuntla T P, Mehta H B, Gokhale P A, Shah C J. A comparative study of visual reaction 573 

time in basketball players and healthy controls. Natl J Integr Res Med 2012;3:20. 574 

20. Nakamoto H, Mori S. Sport-specific decision-making in a go/nogo reaction task: 575 

Difference among non-athletes and baseball and basketball players. Percept Motor Skill 576 

2008;106(1):163-70.  577 

21. Nougier V, Ripoll H, Stein S F. Orienting of attention with highly skilled athletes. Int J 578 

Sport Psychol 1989; 20: 205-223. 579 

22. Gavkare A M, Nanaware N L, Surdi A D. Auditory reaction time, visual reaction time 580 

and whole body reaction time in athletes. IndMed Gazette 2013:6:214-9.  581 



Reliability of eye-tracking reaction time tests 
 

31 
 

23. Blundell N L. (1984). Critical visual-perceptual attributes of championship level tennis 582 

players. In Commonwealth and International Conference on Sport, Physical Education, 583 

Recreation and Dance. Brisbane.  584 

24. Hughes P K, Bhundell N L, Waken J M. Visual and psychomotor performance of elite, 585 

intermediate and novice table tennis competitors. Clin Exp Optom 1993;76(2), 51-60.  586 

25. Knapp B N. Simple reaction times of selected top-class sportsmen and research students. 587 

Res Quart 1961;32(3):409-11. 588 

26. Montes-Mico R, Bueno I, Candel J, Pons A M. Eye-hand and eye-foot visual reaction 589 

times of young soccer players. Optometry 2000;71(12):775-80. 590 

27. Ridini L M. Relationship between psychological functions tests and selected sport skills 591 

of boys in junior high. Res Q Am Assoc Health Phys Educ 1968;39:674-83. 592 

28. Sanderson F H, Whiting H T A. Dynamic visual acuity and performance in a catching 593 

task. J Motor Behav 1974;6(2):87-94.  594 

29. Magill R A. Motor learning: Concepts and applications (6th ed.). New York, NY: 595 

McGraw Hill; 2001. 596 

30. Schmidt RA, Wrisberg GA. Motor learning and performance (3rd ed.). Champaign, IL: 597 

Human Kinetics: 2004. 598 

31. Tavakol M, Dennick R. Making sense of Cronbach's alpha. Int J of Med Educ 2011;2:53-599 

5.  600 

32. George D, Mallery P. SPSS for Windows Step by Step: A Simple Guide and Reference 601 

(4th ed.). Boston: Allyn & Bacon; 2003. 602 

33. Fleiss J L. The Design and Analysis of Clinical Experiments. New York, NY: Wiley; 603 

1986. 604 

34. Ghajar J, Ivry R B. The predictive brain state: Timing deficiency in traumatic brain 605 

injury? Neurorehabil Neural Repair 2008;22(3):217–27.  606 



Reliability of eye-tracking reaction time tests 
 

32 
 

35. Swick D, Honzel N, Larsen J, Ashley V. Increased response variability as a marker of 607 

executive dysfunction in veterans with post-traumatic stress disorder. Neuropsychologia 608 

2013;51(14):3033-40.  609 

36. Rochat L, Beni C, Annoni JM, Vuadens P, Van der Linden M. How inhibition relates to 610 

impulsivity after moderate to severe traumatic brain injury. J Int Neuropsychol Soc. 611 

2013;19(8):890-8.  612 

37. Goswami R, Dufort P, Tartaglia M C, Green R E, et al. Frontotemporal correlates of 613 

impulsivity and machine learning in retired professional athletes with a history of multiple 614 

concussions. Brain Struct Funct 2016;221(4):1911-25. 615 

38. Dockree P M, Bellgrove M A, O’Keeffe F M, Moloney P, et al. Sustained attention in 616 

traumatic brain injury (TBI) and healthy controls: enhanced sensitivity with dual-task load. 617 

Exp Brain Res 2006;168:218-29. 618 

39. Moscatelli F, Messina G, Valenzano A, Monda V, et al. Functional assessment of 619 

corticospinal system excitability in karate athletes. PLoS One 2016;11(7):e0159846. 620 

40. Wang CH, Chang CC, Liang YM, Shih CM, et al. Open vs. closed skill sports and the 621 

modulation of inhibitory control. PLoS One 2013;8(2):e55773. 622 

41. Bootes K, Chapparo C. Difficulties with multitasking on return to work after TBI: A 623 

critical case study. Work 2010; 36(2):207-16. 624 

42. Perlstein W M, Larson M J, Dotson V M, Kelly K G. Temporal dissociation of 625 

components of cognitive control dysfunction in severe TBI: ERPs and the cued-Stroop task. 626 

Neuropsychologia 2006;44:260–74.  627 

43. Safford A, Kegel J, Hershaw J, Girard D, Ettenhofer M. Eye-tracking technology for 628 

estimation of cognitive load after traumatic brain injury.  In: Schmorrow D., Fidopiastis C. 629 

(eds) Foundations of Augmented Cognition. AC 2015. Lecture Notes in Computer Science, 630 

vol 9183. Springer, Cham. 631 



Reliability of eye-tracking reaction time tests 
 

33 
 

44. Rinkenauer G, Osman A, Ulrich R, Muller-Gethmann H, Mattes S. On the locus of speed-632 

accuracy trade-off in reaction time: inferences from the lateralized readiness potential. J Exp 633 

Psychol Gen 2004;133(2):261-82. 634 

45. Karşılar H, Simen P, Papadakis S, Balcı F. Speed accuracy trade-off under response 635 

deadlines. Front Neurosci 2014;8:248.  636 


