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Introduction 1 

In complex decision-making situations in sport, the simultaneous processing of a high amount of 2 

visual information is considered a characteristic of highly-skilled athletes’ perceptual-cognitive skills1. 3 

Even under time-pressure, these professionals are able to make accurate decisions.2; 3 One reason for 4 

their superior performance is presumably found in the experts’ ability to make use of peripheral 5 

vision, i.e., the ability to process information from the “corner of the eyes”.4 But is this ability, to 6 

utilize information without looking there, something that can be trained? In this review, we will 7 

summarize the scientific evidence behind peripheral-vision training tools that propose to improve 8 

perceptual skills in peripheral vision, and discuss whether these tools do indeed capture properties of 9 

peripheral vision.  10 

Peripheral vision – which can be defined as vision outside the fovea (i.e., above 2.5° 11 

eccentricity5) – covers the largest part of the visual field’s area and extends to about 214° in the 12 

horizontal, and 100° in the vertical direction.6 Spatial resolution declines gradually with increasing 13 

distance from the center, from about ½ arcminute minimal angle of resolution (MAR) for young 14 

adults in the fovea center (“foveal bouquet”), to, e.g., twice that value at 2° eccentricity, or about ten 15 

times that value at 20°. However, since resolution in the very center is at an amazingly high value 16 

(corresponding to resolving the thickness of a human hair at 50 cm viewing distance), the practical 17 

consequences of its decrease towards the periphery are less severe than usually assumed.6; 7 18 

Resolution is often specified by the inverse of MAR – visual acuity – which declines according to 19 

approximately a hyperbola, which again makes the decline look rather steep. 20 

Much more important for pattern recognition in peripheral vision is so-called crowding, i.e., the 21 

impairment of pattern recognition by the presence of close-by neighboring patterns8 (see 22 

Strasburger et al.6, Whitney & Levi9or Levi10 for reviews). Important every-day tasks like reading, for 23 

example, are limited by crowding, rather than by spatial resolution.11; 12 The distance of neighboring 24 

patterns below which the interference happens, known as the critical distance, increases with 25 
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eccentricity.13 Thus, the farther an object is located in the periphery, the greater the distance of 26 

flankers to this object need to be, to not interfere with its recognition. 27 

When crowding is not involved, peripheral vision generally allows one to recognize (sufficiently 28 

large) objects,14; 15 including when images are presented only for very short durations (i.e., “ensemble 29 

perception”).14; 16–18 30 

In contrast to the above-listed disadvantages, motion sensitivity in peripheral vision is 31 

comparably high, as is sensitivity to flicker. Moreover, peripheral vision can be useful when eye-32 

movements impair information processing19–21 and was shown to be involved in the pre-processing of 33 

information from the location where the eyes are about to move.22; 23 More generally, foveal and 34 

peripheral vision are now thought to be intimately integrated, with reorganization mechanisms for 35 

fusing pre- and postsaccadic stimuli19 that allow “the generation of a conscious internal 36 

representation of [the] external world and the support for the guidance of our motor actions and 37 

mobility”24 (see Stewart et al.25 for a review). 38 

To investigate how peripheral vision affects perception, studies in basic science use carefully 39 

controlled laboratory situations, often including eye-tracking devices for fixation control or the study 40 

of eye movement patterns for overt attention, and use simplified movement responses (e.g. a button 41 

press) or artificial visual displays. However, real-life situations like those in sports are often rather 42 

complex, and many aspects of visual processing, motor control, and complex decision making come 43 

together. Thus, the transfer of basic-science knowledge to applied situations needs extra steps of 44 

scrutiny and experimentation, where predictions from perception research need to be validated in 45 

close-to-reality settings (e.g. Grundler & Strasburger26). 46 

Quantitative assessment of the use of peripheral vision in complex environments in sport 47 

requires knowing both the location of gaze and the location of attention27–29. In some sport-specific 48 

studies, this link has been studied using eye-tracking methods30–34 and/or verbal reports35–38. Other 49 

studies used spatial occlusion techniques, where peripheral areas are occluded to investigate how 50 



THE TOP FIVE PERIPHERAL VISION TOOLS  3 

the removal of that information affects motor behavior and decision making35; 39. Similarly, the 51 

moving-window or gaze-contingent paradigm, where information is visible only within a “window” 52 

at, or around, the current fixation point while the periphery is occluded or artificially blurred, was 53 

also used in this context40–42. These studies revealed three ways in which peripheral vision in sport is 54 

used: fixation between relevant information, i.e. use of a gaze anchor, use of peripheral vision as a 55 

visual pivot (when information from peripheral vision is used to decide on the next location for 56 

fixation; we call this its preview functionality), and use for adjusting the foveal spot (where the extent 57 

of peripheral processing depends on how much attention is given to foveal information; for a review 58 

see Vater et al.).4 59 

Due to the complexity of sports’ situations in the field, and the rather low experimental control 60 

attainable in field studies, researchers break down the demands on peripheral vision to sub-demands 61 

and go back to laboratory research. As an example, sports like football or basketball require the 62 

concurrent tracking of multiple players for successful decision-making.35–37 A task that is used to test 63 

whether peripheral vision is used for tracking is Multiple Object Tracking (MOT43), where multiple 64 

objects are to be tracked simultaneously amidst identically looking distractors, and fixations are 65 

frequently found between, rather than on, target objects.44–48 With the MOT task, it is not only 66 

possible to examine the location of gaze but also the location of attention49–53 (for a review see 67 

Meyerhoff et al.)54. Based on this extensive research data base on the MOT task, a perceptual-68 

cognitive training tool – Neurotracker (www.neurotracker.net/) – was developed to improve, 69 

amongst others, peripheral perception and attention performance.  70 

There are, however, many more perceptual-cognitive training tools like Neurotracker that aim 71 

to improve perceptual-cognitive skills including those in peripheral vision.55–57 According to Hadlow 72 

et al.55, devices that aim to improve peripheral vision skills can be categorized, for example, as (a) 73 

touch-board/screen tools (Dynavision D2, Wayne Saccadic Fixator, Vision Coach, Vienna Test System, 74 

Nike Sensory Station, CogniSense Neurotracker), (b) stroboscopic glasses (Nike Sparq Vapor Strobe), 75 
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and (c) LED-light equipment (FitLight Trainer, Batak Pro Sports Vision). For such systems, the claim 76 

has often been made that peripheral vision can be tested or trained with the respective system 77 

(references to these claims are provided in the results section). In this topical review, we ask 78 

whether, and under what conditions, these tools do allow to test and train peripheral vision. For this 79 

aim, we used methods of systematic reviews to avoid a selection bias and searched for peer-80 

reviewed studies that used these tools, and discuss to what degree results can indeed be linked to 81 

the use of peripheral vision.  82 

Methods 83 

Literature Search 84 

The aim of our literature search was to identify the five most widely used peripheral vision tools 85 

in sports. To avoid a selection bias, we systematically searched academic databases for research 86 

articles, in a manner similar to that in systematic reviews. For this, we conducted a literature search 87 

following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 88 

guidelines in May and June 2020 using Scopus, ScienceDirect, and PubMed as databases and, 89 

additionally, identified studies on the manufacturers’ homepages. If studies were not accessible from 90 

these homepages or the databases, we used Google Scholar for the search. The searches were 91 

conducted by five independent raters (trained student assistants) and the first author. Each of the 92 

student assistants searched references for two of the following ten device keywords: Neurotracker, 93 

Dynavision D2, FitLight, Vapor Strobe, Vision Coach, Wayne Saccadic Fixator ( or Wayne Sports Vision 94 

Trainer), Nike Sensory Station (or Synaptec Sensory Station), Batak Pro Sports Vision, Vienna Test 95 

System, and Ultimeyes. The first author searched for all ten devices himself, leading to two 96 

independent search results for every device (one student assistant and first author).  97 

For the search, each rater combined the device keyword with the term sport (e.g. Neurotracker 98 

AND sport), and then searched in “all fields” for these terms in the search machine (a link to a search 99 

example is provided in the appendix). The results were then, if possible, limited to publications in the 100 
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English language and to publication type “article” (a procedure that also has some disadvantages, see 101 

Leeflang et al.58 and Hoogendam et al59). With these filters, all conference abstracts, dissertations, 102 

book chapters, and reviews were excluded from the search. The results were exported as “.ris”, 103 

“.bib” or “.nbib” files from the respective database, and imported into the citation software ®Citavi 104 

(2018; Version 6). Identified papers were then compared between the two raters; in case the raters 105 

identified different papers, the search was repeated by both raters until the same papers were 106 

identified. In this search, we found 204 articles. Additionally, eleven cross-references were found in 107 

two other literature reviews.60; 61 All references were saved in one Citavi database. 108 

Screening and Eligibility 109 

After removing duplicates with Citavi’s built-in function, we had collected 151 articles. Two 110 

student assistants and the first author then screened the abstracts and excluded articles that were 111 

not in a sports context (i.e., studies that did not use a motor task, examined sports athletes, or 112 

discussed how their results are related to sports), or were not published in a peer reviewed journal, 113 

in English language. A list of references was created in ®Microsoft Excel (2016) and used 114 

independently by all three raters. In case a paper met an exclusion criterion, a rater marked that 115 

paper in the reference list and selected, which of the exclusion criteria was met. After all three raters 116 

finished the assessment, the exclusion of papers was discussed between the three raters until 117 

consensus was reached to exclude a paper. We ended up with 109 studies for the ten devices. For 118 

the qualitative analyses, we included 93 studies for the five most-used peripheral vision training 119 

devices (Figure 1). Only the five most widely studied devices were included here to limit the length of 120 

the review. 121 

Data Extraction and Analysis 122 

Since the included tools use different hardware, software, and tasks, we will analyze the tools 123 

separately in three sub-chapters: (a) System, a description of the tool and the employed behavioral 124 

task(s); (b) Assessment of peripheral vision, definitions on how the tool measures peripheral vision 125 
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performance, and explanations of the crucial criteria for peripheral vision testing; and (c) Empirical 126 

findings and discussion, which summarizes and discusses results for the extracted peripheral-vision 127 

criteria (see Table 1). In the overall discussion, we compare the devices’ applicability for sports 128 

practice and research.  129 

 130 

<<< Table 1 around here >>> 131 

 132 

Results 133 

In sum, we included 93 studies for the five most widely studied peripheral vision tools: 134 

Dynavision D2, CogniSense Neurotracker, Nike SPARQ Vapor Strobe, FitLight, and the Vienna Test 135 

System. Since these devices assess peripheral vision in different ways, they are characterized and 136 

discussed separately. 137 

  138 

<<< Figure 1 around here >>> 139 

 140 

Dynavision D2 141 

System 142 

The Dynavision D2TM (Dynavision International) is a light-board system used to train eye-hand 143 

coordination. It is implemented in a 1.2 m × 1.2 m (4’ × 4’) board, adjustable to the height of the 144 

participant, with 64 light buttons (i.e., targets) arranged in five concentric rings, and a small LCD 145 

display, mounted near the center of the board. The target location, color, frequency, and duration 146 

are adjustable; the main performance variable is the number of target-light hits.62 Reliability of 147 

measurement is shown to be good, with retest reliability coefficients of 0.71 and 0.73 between T1-T2 148 
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and T2-T3, respectively,63 or even very good, with coefficients of 0.88, 0.92, and 0.97 in a simple, 149 

moderate, and complex task, respectively.62 The instructions recommend that participants perform 150 

enough familiarization trials (i.e., three to five 30-s trials), to reduce learning effects before testing.62; 151 

63 According to the manufacturer, the “D2™ is utilized in clinical rehabilitation to address underlying 152 

visual, cognitive, and motor deficits including visual-motor reaction time, peripheral visual 153 

awareness, executive functions, active range-of-motion, and dynamic balance”.64 In a recent review, 154 

however, Appelbaum et al.56 concluded that the research evidence for the efficacy as a training tool 155 

is scant.   156 

There are three different modes of operation that participants can train with, a proactive (A), a 157 

reactive (B) and a reaction-time mode (C). In Mode A, a random button will illuminate and is to be 158 

turned off quickly by touching it; after that the next button will illuminate. The goal is to turn off as 159 

many buttons as possible in a pre-defined time duration (30 s or 60 s). Mode B is similar to Mode A, 160 

except that the buttons remain lit for a predefined duration (i.e., 0.1, 0.25, 0.4, 0.5, 0.75, or 1 s) and 161 

not until the participant touches the button.63 In Mode C, the participant holds down a home button 162 

with one hand and strikes a target button with the same hand when illuminated. This procedure is 163 

repeated with the second hand. Three different sub-modes are available for Mode C (linear – 164 

random target adjacent to the home button, arc – random target from a semi-circle around the 165 

home button, and simple – a single, adjacent target button).61 In all modes, the user is positioned in 166 

front of the apparatus and is either asked to fixate directly forward, or use peripheral vision to see 167 

the buttons that light up.63 The small LCD near the center of the device often serves as a fixation 168 

point. That LCD can also be used to include an additional task where up to seven computer-selected 169 

digits are displayed briefly (between 0.01 and 1 s) at 5-s-intervals, and subjects are, for example, 170 

asked to add or multiply these digits.63 171 
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Assessment of peripheral vision  172 

On the manufacturer’s website, the only statement on how peripheral vision can be tested by 173 

the Dynavision D2 is: “Improving peripheral vision awareness, or the ability for the brain to more 174 

efficiently process information in your periphery, in tandem with better eye-hand coordination and 175 

quicker reaction time, enables you to react more precisely and deliberately”.64 Unfortunately, how 176 

this is to be achieved, is not answered. It appears that peripheral vision is to be trained by simply 177 

instructing participants to its use: “A user, standing before the apparatus, must strike illuminated 178 

buttons before they extinguish; at all times the user fixes his eyes directly forward and uses his 179 

peripheral vision to 'see' illuminating buttons across the span of the board”.63 Moreover, in the 180 

familiarization phase, participants are instructed “to assume a 'ready' stance (arms up, knees slightly 181 

bent) at an optimal distance from the board, keeping the eyes fixed on the center of the Dynavision 182 

board while performing the task (or on the LCD if the task involves calling digits), using peripheral 183 

vision to target illuminated buttons, and striking buttons with speed and accuracy in a darkened 184 

environment”.63 Yet, even when instructed to fixate the central LCD, participants might not use 185 

peripheral vision in every trial and instead use eye movements (saccades) to look at the target. 186 

Ruling this out would require use of an eye-tracking device for controlling participants’ eye 187 

movements. Eye-tracking would allow measuring whether, and when, peripheral vision is indeed 188 

used and thereby distinguish the use of peripheral vision for detection (i.e. detecting a target light 189 

with peripheral vision and initiating a saccade to the target) from using peripheral vision for action 190 

(i.e., detecting and touching the target light without a saccade). Another way, which does not require 191 

eye-tracking (sometimes called indirect fixation control), is presenting the stimulus for the central 192 

visual task only briefly, thus increasing the performance costs of moving gaze off the center since 193 

display information might then be missed. The shorter the digits’ display duration and the better the 194 

performance in that central task (performance must be reported as a check for manipulation), the 195 

more likely it is that peripheral vision is used to detect the target lights. However, even with short 196 

presentation times of the secondary-task information, the constant 5-s interval between these 197 
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presentations could allow participants to move gaze away from the LCD: After a short learning 198 

period, participants are presumably able to predict that they must return their gaze to the center no 199 

later than 5 s after onset of the peripheral stimulus. This is enough time to look away from the LCD to 200 

the periphery, then use foveal vision for the button press, and return to the LCD before the next 201 

central stimulus is displayed. Thus, with a non-variable, predictable interval, the performance costs 202 

of eye movements away from the center can be circumvented and, as a consequence, the task no 203 

longer works as a reliable indirect fixation control. In sum, the central-digit task, when used with a 204 

constant interstimulus interval, does not guarantee that participants are indeed using peripheral 205 

vision for hitting the targets. Only a random-interval central task or, better, eye-tracking, would allow 206 

revealing whether participants are indeed using their peripheral vision.  207 

Empirical findings and discussion 208 

Results show that, of thirty available Dynavision D2 studies none used an eye-tracker to control 209 

the location of gaze (see Table 1). There is thus no evidence that participants are indeed using their 210 

peripheral vision for the task. With regard to indirect fixation control, thirteen studies (43%) used the 211 

LCD to display numbers or words for the secondary task. Short duration of the central presentation 212 

and short intervals between presentations are important for indirect fixation control, as explained 213 

above. From the thirteen studies that used the central display, four studies presented the foveal 214 

stimuli for one second and one for 0.75 seconds, while seven others did not report the duration. In 215 

terms of the central-stimulus intervals, six studies used a five-second interval, one a three-second 216 

interval, and another one an eight-second interval; four studies did not report the interval. While 217 

studies using the secondary central task are more likely to, indeed, measure peripheral-vision 218 

performance than those without a central task, the rather long central-stimulus presentations, and 219 

intervals between presentations, presumably allow participants to detect target lights and/or push 220 

the button using their foveal vision.  221 
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A further criterion for comparison was whether participants were instructed to use their 222 

peripheral vision. The results show that only 10 out of 30 studies (33%) did instruct participants to 223 

use peripheral vision for the task. For the subset of single-task studies – since dual-task studies 224 

implicitly have their participants fixate on the central LCD – only 4 out of 15 studies (27%) mentioned 225 

to have instructed their participants to use peripheral vision. There is some variability in wording 226 

compared to the standard instructions proposed by Klavora et al.63 Similar to the standard 227 

instructions, for example Clark et al.65, asked participants to “use eye discipline and to keep their 228 

eyes on the scope while using peripheral vision to see the buttons and to hit the buttons”. Hoffman 229 

et al.66 instructed participants “to fixate their gaze on the LCD screen in the middle of the board and 230 

to keep their focus there for the entirety of the experiment”. Rather different to the standard 231 

instructions, Miller et al.67 told participants to “keep their eyes forward, focusing on the 232 

tachistoscope, and to hit each illuminated light as quickly as possible”, and Wells et al.68 “advised 233 

[their participants] to utilize their peripheral vision”. In the latter two examples, it is not clearly 234 

stated that participants should use their peripheral vision for detecting and hitting the illuminated 235 

buttons. Thus, for the comparison of studies, it is mandatory that participants always receive the 236 

same task instructions. 237 

Once these instructions are standardized and the gaze position controlled, the device allows 238 

researchers to analyze the effects of eccentricity in the visual field, because the light diodes are 239 

organized on five concentric rings. One study (with gaze instructions) that analyzed performance on 240 

the five rings is by Kauffman et al.69 The authors observed a strong effect of ring radius (p < 0.0001, 241 

ηp
2 = 0.819), with significant differences between each ring (p < 0.0001) and increasing response 242 

times with larger eccentricity. As an example, in Trial 1, one group had a response time of 612 ms for 243 

Ring 1, but almost twice that value, 1138 ms, for Ring 5). A similar result is shown in another study on 244 

the Dynavision D2, with football players.70 Both of these results are in line with studies on the effects 245 

of viewing eccentricities (e.g., Vater et al.44; 71 or Strasburger et al.5). Another study (with gaze 246 

instructions) found that response times to peripherally detected target lights are higher compared 247 
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with foveally detected target lights,72 a result that is also found with perimeter tests (e.g., Helsen & 248 

Starkes73; 74). 249 

Regarding the necessary standardization of the user’s operating distance from the system and 250 

the familiarization with its use demanded by Klavora et al,62; 63 the results show that 22 out of 30 251 

studies (73%) controlled the distances, but only 13 out of the 30 (43%) mentioned to have used 252 

familiarization trials. A feature that can be used in Mode B and C is the variation of peripheral target-253 

light durations, which varies the peripheral monitoring time for detecting the target light (i.e., the 254 

time for monitoring and detecting the target lights). This feature was only reported to be used in 9 255 

out of 24 studies (38%). 256 

Taken together, the Dynavision D2 can be used for testing peripheral vision. Yet, no study so far 257 

has used eye-tracking to ensure that participants do indeed use peripheral vision for the detection of 258 

the illuminated buttons and/or for the following hand movement response to turn off the respective 259 

light. Studies using that device need to better standardize the position during the task and control for 260 

the use of the visual field, and need to use standard instructions emphasizing that participants are to 261 

use their peripheral vision at all times. Furthermore, the secondary LCD tasks should use short 262 

presentation times and variable intervals between information presentations. With this, the 263 

perceptual costs of performing saccades away from the LCD can be increased which makes the actual 264 

use of peripheral vision for light detection more probable. When publishing studies, the respective 265 

methods section should include all information related to these standardization issues, to improve 266 

the comparability between studies.  267 

 268 

<<< Table 2 around here >>> 269 

 270 

 CogniSense NeuroTracker 271 
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System 272 

Neurotracker (CogniSens Athletics Inc., Montreal, Canada) is a 3D-Multiple-Object-Tracking 273 

(MOT) device, assessing tracking behavior in three phases. In the first phase of each trial, eight 274 

stationary spheres appear in yellow, and (typically) four spheres are marked as targets (by 275 

highlighting in red for two seconds before they switch back to yellow). In the trial’s second phase, the 276 

spheres begin to move over a period of eight seconds, all moving along a linear path through a virtual 277 

cube, bouncing off any obstacle they encounter, and continuing along their new path. In the final 278 

phase, each sphere is marked with a number, and the participant is asked to verbally recall the target 279 

spheres75. The tasks can be presented in a choice of devices: in a head-mounted display (HMD), on a 280 

large flat screen with the participant wearing 3D-goggles, or with 3D projectors. The size of the 281 

virtual cube covers typically between 42° and 48° of the participant’s visual field. The combination of 282 

(a) an MOT, presented (b) in a large visual field, and (c) with stereoscopic presentation is thought to 283 

improve cognitive skills such as attention (sustained, divided, and selective attention, as well as 284 

inhibition).75 According to the manufacturer’s homepage (https://neurotracker.net/performance/, 285 

retrieved 6 August 2020), Neurotracker training also helps sports athletes to focus on “key play 286 

opportunities”, to “filter out incoming, sensory distractions”, to “stay sharp under high-pressure 287 

demands”, and to “see more opportunities in any situation”. In a study by Frangala et al.76, test-288 

retest reliability was reported to be 0.77 for twelve healthy older adults, measured seven weeks 289 

apart.  290 

The number of targets that can be tracked is chosen by the experimenter. The spheres’ speed of 291 

movement adjusts itself to the participant’s performance in a staircase procedure; when all targets 292 

are successfully identified at the end of a trial, the speed is increased in the next trial, and otherwise 293 

is decreased. Average visual tracking speeds are calculated at the end of each test block. The better 294 

the tracking speed, the better attention was distributed among the targets and the better the ability 295 

to process information with peripheral vision is inferred to have been.  296 

https://neurotracker.net/performance/


THE TOP FIVE PERIPHERAL VISION TOOLS  13 

Assessment of peripheral vision  297 

Peripheral vision is reasoned to be important in Neurotracker for keeping track of all targets 298 

because foveal vision can only be located on a single target at a time.77; 78 Note that “peripheral 299 

vision”, in that context, is understood not so much as a sensory skill, but is mostly short for 300 

“peripheral visual awareness”78 (p. 98) or “sustained peripheral attention”, “attentional capacity”78 301 

(p. 90), i.e. as a cognitive skill. This is quite misleading in so far as peripheral vision will be typically 302 

understood as a sensory phenomenon, with characteristics rather different from those of spatial 303 

attention (Strasburger et al.5; Carrasco79). To support an effective distribution of attention and 304 

accomplish that participants do indeed use their peripheral vision, participants should be instructed 305 

to fixate on a “visual pivot”.78 As with the Dynavision D2, it seems important to ensure that 306 

participants follow these instructions or at least keep score of when they use foveal vision elsewhere. 307 

Especially in classical 2D-MOT studies, the findings on the use of peripheral vision are rather mixed 308 

(there are a vast number of publications on the MOT task over the last thirty years; for a review see 309 

Meyerhoff et al.54). Participants seem to look at individual targets but tend to also look at points near 310 

the targets’ centroid (i.e., the visual center of mass between the targets using peripheral vision) even 311 

if nothing is there.44; 46; 80; 81 Looking at the centroid has the advantage of minimizing the average 312 

retinal eccentricity of the targets. The proportion of centroid vs. target fixation may depend, for 313 

example, on the number of targets48 and the distance between objects.45; 82 Gaze is frequently 314 

switched between targets83 and is rarely directed at distractors.44; 47; 80; 81 These movements of gaze 315 

are far from random – when trials are repeatedly shown to a participant, gaze patterns are very 316 

similar for the same trials.81 Forcing participants to use certain eye-movements, however, leads to 317 

impaired tracking performance.47 These results have two implications for Neurotracker studies: (1) 318 

not only peripheral but also foveal vision is used to keep track of targets and (2) instructing 319 

participants to use peripheral vision might result in impaired tracking performance, which would 320 

then be interpreted as poor peripheral-vision capabilities; obviously a circular reasoning. 321 
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In contrast to the Dynavision D2, Neurotracker places demands on visual but not on motor skills. 322 

For sports, these visual skills are presumably important for keeping track of multiple players, for 323 

example, to track a higher number of players or switch attention between players more quickly78. 324 

Thus, training effects from Neurotracker are expected to transfer to the sports context, but this 325 

needs to be empirically tested in experimental interventions with sports-transfer tasks.  326 

Empirical findings and discussion 327 

Within the identified 28 empirical studies for Neurotracker, there was no study using eye-328 

tracking to check how participants were using foveal and peripheral vision. There is thus no hard 329 

evidence on whether and to what extent the participants are indeed using their peripheral vision for 330 

the task.  331 

In only 4 out of 28 studies (15%), participants were instructed to use their peripheral vision for 332 

the task. Despite the disadvantages of instructing participants to use a certain gaze strategy (see 333 

above), doing so allows experimenters to have some kind of control over perceptual strategies. This 334 

would be relevant for the interpretation of performance in the Neurotracker tasks. Nonetheless, 335 

participants using peripheral vision to greater extents are likely to score better than participants 336 

relying more on foveal vision. 47; 48 337 

In 10 studies (35% of all studies), the size subtended in the visual field by the virtual cube in 338 

which targets moved was specified. In all of these studies, the virtual cube’s size was between 42° 339 

and 48° visual angle. In another ten studies (35% of all studies), the distance to and/or the size of the 340 

screen were mentioned, indicating some kind of standardized viewing positions. In eight studies (30% 341 

of all studies), however, no information on standardized viewing positions was provided. In terms of 342 

peripheral vision usage, and considering the maximum horizontal size of the visual field of about 210° 343 

degree, the demands on peripheral vision are tested in only a limited range. Thus, testing and 344 

training the far periphery is not possible with Neurotracker. 345 
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Demands placed on peripheral vision usage are different between the included studies, as can 346 

be seen, e.g., in the different number of targets that needed to be tracked. The majority of studies 347 

(68%) used four targets; 14% used three, 14% a variable number, and 4% did not mention the 348 

number of targets. Previous studies have shown that the number of targets changes the relation 349 

between foveal and peripheral vision usage.48 Thus, peripheral vision usage is presumably different 350 

across the set of included studies. 351 

Our results show that 18 out of 28 studies (64%) were intervention studies but that only three of 352 

these (11%) included a sports-transfer task. When looking closer into the latter, the only study 353 

finding a positive transfer effect from the training with Neurotracker to sports skills is the one by 354 

Romeas et al.84 The study reports that Neurotracker training leads to improved decision-making in 355 

the accuracy of ball passing in soccer. In this study, an intervention group (n = 7) of university-level 356 

soccer players received ten Neurotracker training sessions (two per week), and was compared to an 357 

active control group (n = 7; the participants watched 3D soccer videos) and a passive control group (n 358 

= 7). In the transfer test, participants from all groups were randomly distributed over teams, and 359 

played 5 × 5 soccer matches. One experienced soccer coach, who was blinded to the experimental 360 

protocol, judged the players’ accuracy of passing, dribbling, and shooting decisions. Additionally, 361 

subjective ratings of the players’ decisions were collected at pre- and post-test. The data of both 362 

control groups were collapsed in the analyses (n = 12; two participants were excluded due to 363 

injuries). The coach’s evaluations revealed improved decision-making accuracy for passing (+15%), 364 

but not for dribbling and shooting, for the intervention over the control group. Subjective confidence 365 

ratings were also higher in intervention groups compared with the control group. The overall 366 

improvement of passing skills is thus potentially related to a better peripheral-visual processing of 367 

the players’ behavior. 368 

There are, however, a number of concerns related to Romeas et al.’s84 study. First, objectivity of 369 

these ratings cannot be assessed, given that they are from a single rater only. Other studies in this 370 
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area employ several raters and report inter-rater reliability (e.g., Roca et al.37). Collapsing the groups 371 

for the analyses seems necessary, yet it cannot be guaranteed that the decision-making effect not is 372 

simply a placebo effect since an active control group is missing. Before considering these results as 373 

meaningful for sports practice, results need to be replicated by one or more other studies, with a 374 

larger sample size, more objective assessments, and a meaningful control task. 375 

In the second Neurotracker intervention study with a sport-specific transfer task, there was no 376 

effect of Neurotracker training on performance in a volleyball-specific jumping task.85 In one of the 377 

transfer-task conditions, the “dual-task high” block-jump condition, participants had to monitor the 378 

movements of a (video-recorded) attacking player in peripheral vision, and perform a move to the 379 

right or left (blocking action), depending on the attacking player’s movement direction. Since there 380 

were no improvements in this peripheral vision task after Neurotracker training, peripheral vision 381 

capabilities were either not trained or did simply not transfer to the sports tasks. 382 

In the third relevant intervention study, by Harris et al.86, Neurotracker training did not improve 383 

performance in a simulated driving task. In this far-transfer task, participants had to watch car-384 

driving videos and recall the driving route; a task that is also used in military settings. This task 385 

requires operators to attend to multiple sources of information, such as recalling the route taken, 386 

and monitoring communication devices. Especially for the monitoring of communication devices, 387 

other research has found that peripheral vision is useful (e.g., Schaudt et al.87). Yet, Neurotracker 388 

training seems not to improve these peripheral-vision monitoring skills. 389 

Based on the results from the other Neurotracker studies, more general cognitive skills such as 390 

working memory, sustained attention, or (distractor) inhibition may be improved with Neurotracker 391 

training (for a review, see Vater et al.88). Positive Neurotracker training effects have been observed in 392 

students,89 older adults,90 and patients with concussion symptoms.91–93 That means that people who 393 

train with Neurotracker show better Neurotracker tracking performance. It has also been shown that 394 

elite athletes perform better in Neurotracker than less skilled athletes, who themselves perform 395 
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better than participants without sports expertise.94 Such results indicate that sports expertise leads 396 

to better Neurotracker performance, but that the improved performance is not due to improved 397 

peripheral vision capabilities. 398 

Taken together, Neurotracker trains the tracking of multiple relevant objects in a task that 399 

shares characteristics of to those in sport-specific situations, for example when monitoring players’ 400 

behavior and detection of players’ actions; in the latter, peripheral vision often plays an important 401 

role.4 Yet, Neurotracker seems to train a different set of skills and, as yet, no study showed to what 402 

extent peripheral vision is actually used during the Neurotracker task. For this, eye-tracking methods 403 

would need to be used, to monitor eye movements. Furthermore, more intervention studies are 404 

needed that use sport-specific tasks that require the processing of peripheral information. 405 

Furthermore, a larger number of participants, fair control groups, and objective measurements 406 

would need to be used. 407 

 408 

<<< Table 3 around here >>> 409 

 410 

Nike SPARQ Vapor Strobe 411 

System 412 

Another way to train the use of peripheral vision is by the use of stroboscopic devices; generally 413 

an eyewear with liquid crystal plastic lenses that can alternate between transparent and opaque 414 

states95. While there are quite a few such devices available, we found that most research was 415 

conducted with the Nike Vapor Strobe stroboscopic glasses (Nike Inc., Beaverton, Oregon, USA). The 416 

reasoning for the use of such devices is that the stroboscopic effect forces individuals to still use the 417 

reduced visual input during the opaque state, which could lead to improved visual skills when 418 

returning to normal visual conditions.56 The stroboscopic effect is evoked by intermittently disrupting 419 
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vision; The duration of disruption can be selected in eight different difficulty levels, from easy (Level 420 

1: 67 ms opaque) to hard (Level 8: 900 ms opaque; see Appelbaum et al96). The actual durations 421 

differ somewhat from those specified by the manufacturer as evidenced by measurements with high-422 

speed cameras.97 The clear (transparent) state’s duration is 100 ms for all opaque levels. 423 

The opaque state does not fully occlude visual information but acts rather like a neutral density 424 

filter that is difficult to see through.95 More precisely, the main factor that changes from the clear to 425 

the opaque state is illuminance at the eye, being, e.g., reduced from an ambient room lighting of 426 

625 lux, to 128 lux directly behind the lens. For illustration, “an illuminance of 100 lux is similar to 427 

that of a very dark overcast day; 320 lux is the minimum illuminance for office lighting recommended 428 

by the US Department of Labor”.98 429 

Assessment of peripheral vision 430 

In sports coaching, stroboscopic vision training is thought to improve (amongst others) 431 

peripheral vision (e.g., see https://www.stack.com/a/nike-vapor-strobe-goggle-drills or 432 

https://www.soccerbible.com/news-archive/2011/12/nike-sparq-vapor-strobe/, both retrieved 13 433 

August 2020). Limiting the availability of visual information during the opaque state is expected to 434 

improve processing efficiency in the clear state, which could lead to advantages under normal 435 

viewing conditions. 436 

However, that reasoning is highly speculative and there is yet no evidence for an impact on 437 

peripheral vision. Testing of eye movements is furthermore not straight forward with the shutter 438 

glasses because standard eye cameras do not work in that situation. Similar to the situation with 439 

Neurotracker, one might look for transfer tests that assess peripheral vision performance after 440 

stroboscopic training. 441 

Empirical findings and discussion 442 

In our systematic search, we identified 15 studies on the Nike strobe glasses; the results are 443 

presented in Table 4. From the 15 included studies, nine (60%) were intervention studies. In these, 444 

https://www.stack.com/a/nike-vapor-strobe-goggle-drills
https://www.soccerbible.com/news-archive/2011/12/nike-sparq-vapor-strobe/
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strobe glasses were used in a variety of tasks, like soccer dribbling,96; 99 throwing and catching,96; 100; 445 

101 baseball batting,102; 103 or were used during general training.104 There were two intervention 446 

studies that included a peripheral-vision transfer task. The latter revealed that it is not peripheral 447 

vision that is improved with stroboscopic training, but rather foveal vision (i.e. the ability to process 448 

foveal information quicker; 100; 101; for a discussion see also Wilkins & Applbaum105). In dual-task 449 

situations with a simultaneous foveal and a peripheral task (the location of peripheral stimuli was to 450 

be remembered), peripheral performance did not increase with stroboscopic training.100 Moreover, 451 

MOT performance – which we related to peripheral vision earlier – was not improved with 452 

stroboscopic training. Other intervention studies have shown that stroboscopic training is rather 453 

linked to anticipatory tasks,95; 98 to other basic visual skills,102 and to eye-hand coordination,102; 106 but 454 

does not affect visual search performance106 or the ability to catch balls.101 455 

A variety of occlusion intervals have been used in these studies. In four studies, Levels 1-6 were 456 

used and adapted to the performance level in the intervention task. In three studies, only Level 3 was 457 

used, i.e., a duration of the opaque state of 150 ms, followed by a clear state of 100 ms duration. In 458 

the other studies, a set of levels was used to vary the visual processing demands. A general result 459 

was that performance decreases with longer occlusions in that, for example, reaction times 460 

increased97 or dribbling performance in soccer was impaired.99 Short or long occlusion intervals did 461 

not appear to affect the processing in peripheral vision differently but longer intervals led to 462 

improved short-term memory performance.96; 103 463 

The duration of interventions in the studies ranged from a few minutes95; 106 to that of an entire 464 

baseball season.103 Short interventions can already lead to improvements, for example, in an 465 

anticipatory timing task.95 In long intervention studies, the effects are less clear because strobe 466 

glasses were mostly used in combination with other visual skill trainings (e.g., Clark et al.70 and 467 

Appelbaum et al.102).  468 
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Nike appears not to advertise their strobe glasses anymore, or at least there was no information 469 

available on their webpage at the time of writing. One reason might be the risk of evoking an 470 

epileptic attack; such attacks occasionally occur at strobe rates between 3 and 30 Hz 471 

(https://www.epilepsysociety.org.uk/photosensitive-epilepsy, retrieved 13 August 2020). The 472 

frequency of the stroboscopic glasses (1 to 6 Hz) is in that typical range. If sports practitioners can 473 

guarantee that their athletes have no risk of epileptic attacks and are interested in commercial 474 

eyewear, there are other strobe glasses still on the market (e.g., PLATO Visual Occlusion Spectacles; 475 

Senaptec Strobe; Visionup Strobe Glasses), which also permit greater control over the duration of 476 

clear and opaque states. For example, the PLATO goggles or Senaptec strobe glasses occlude visual 477 

information much more in the opaque state, which affects performance differently than do the 478 

Vapor strobe glasses (see, e.g., Benett et al97). In sum, training with the Nike SPARQ Vapor Strobe 479 

glasses appears not to lead to improved peripheral vision performance. It rather seems that short-480 

term memory is trained with this training device and that improvements help to process foveal 481 

information quicker. 482 

 483 

<<< Table 4 around here >>> 484 

 485 

FitLight 486 

System 487 

FitLight (Sport Corp. Ontario, Canada) is a wireless LED-light system that comes with disc-like 488 

sensors (10 cm in diameter), used as targets, that need to be deactivated by the athlete. They can be 489 

placed at any location and are used to create complex reaction-time tasks. The target light’s color is 490 

programmable. The FitLight system is claimed to improve peripheral vision, as well as speed and 491 

agility, spatial awareness, cognition processing function, reaction and response time, fine motor 492 

control, and coordination (https://www.fitlighttraining.com/sports-fitness/, retrieved 10 August 493 

https://www.epilepsysociety.org.uk/photosensitive-epilepsy
https://www.fitlighttraining.com/sports-fitness/
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2020). According to the webpage, the system is used by many professional sports clubs, like the NBA-494 

clubs Cleveland Cavaliers and the Golden State Warriors (basketball), Manchester United, FC Chelsea 495 

and FC Barcelona (soccer), and by the military (U.S. Air Force).  496 

Because the FitLight sensors can be arranged in many different ways, the reliability results differ 497 

depending on the experimental setup. When eight sensors are placed in a semi-circle on a table, with 498 

20 cm separation between them, the inter-rater correlation coefficient (ICC) is between 0.85 (for a 499 

difficult task) and 0.92 (for a simple task).107 In another study, reliability in a similar setting is 500 

reported to be 0.72.108 In more complex task setups requiring full-body movements and 501 

deactivations with the limbs, the ICC is reported to be between 0.60 (moderate) and 0.94 (excellent) 502 

for thirteen different tests. For a variety of single-leg hop tests, reliability between two test days is 503 

between 0.87 and 0.98.109 504 

Assessment of peripheral vision 505 

It seems that FitLight training would automatically improve peripheral vision because targets 506 

can be placed anywhere in a large region of the visual field. However, the manufacturer does not 507 

explain how, exactly, peripheral vision is trained. Reorienting and finding the next target light 508 

presumably involves the detection of that light in peripheral vision. The flexibility of where to place 509 

the sensors allows creating complex situations that require the processing of peripheral information. 510 

Alternatively, however, the user might also quickly scan the environment with saccadic eye-511 

movements, thereby using foveal vision for target detection. The interval between target lights can 512 

be adjusted (between 0.1 and 3.0 seconds)110 and ‒ similar to the Dynavision D2 ‒ shorter intervals 513 

between lights would make the use of peripheral vision more effective (avoiding effects of saccadic 514 

suppression). Different target light durations can be selected, to stress peripheral vision over a self-515 

selected amount of time. Peripheral vision usage may also depend on the requested motor 516 

responses because light sensors can be deactivated with any body part.  517 
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Empirical findings and discussion 518 

In total, twelve studies with the FitLight system were identified and results are shown in Table 5. 519 

None of the studies used eye-tracking to monitor the participants’ gaze behavior, and only two 520 

studies instructed participants to fixate straight ahead and make use of peripheral vision. Participants 521 

thus could have used saccades to scan for target lights before deactivating them. 522 

It is nevertheless likely that participants did indeed use peripheral vision because multiple target 523 

lights were placed over large parts of the visual field. In the listed set of studies, targets were placed 524 

at horizontal eccentricities ranging from 85° to 360°. Thus, in some studies body turns were required 525 

to pick up the target information. The demands to detect target lights with peripheral vision 526 

increases with the number of targets. Between 5 and 10 of the targets were placed in the visual 527 

environment. Performance differences were investigated for targets in the upper and lower visual 528 

field.111; 112 529 

Reducing the interval between target-light activations limits the time to search for the light and 530 

makes the use of peripheral vision more likely. In 9 out of 12 studies (75%), random or pseudo-531 

random intervals between target lights were chosen, with intervals as short as 0.1 s.110 Reorienting 532 

gaze in that short interval is not possible, so if a participant did deactivate the target light, gaze was 533 

either directed there by chance or the target must have been perceived with peripheral vision. Since 534 

the intervals are random, anticipating and deliberately searching for target lights does not help, in 535 

particular since saccades are associated with the costs of missing a target light that is switched off 536 

quickly. Using peripheral vision is thus presumably more functional. 537 

Peripheral vision is used with widely differing durations of test or training sessions, as shown by 538 

the number of series and reactions conducted in the included studies. The minimum number of 539 

reactions per series is one,109 and the maximum is 64.113 We do not know whether or how fatigue 540 

affects the use of peripheral vision and thus do not know whether the use of peripheral vision will 541 

change between the beginning and end of a long sequence. 542 
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As explained earlier, placing the targets in large parts of the visual environment allows 543 

researchers testing the coupling between peripheral perception and action. In the included studies, 544 

motor responses from hands and arms (five studies), legs (two studies), or full-body movements (six 545 

studies) were requested. Since peripheral vision is known to be important for orientation in space, 546 

full-body movements, in particular, presumably require the processing of peripheral information.114  547 

However, taken together, there is no evidence that peripheral vision is indeed used to detect 548 

target lights in the FitLight system, and research is needed on that question. There are indeed many 549 

task characteristics, like the number of targets, target-light intervals, the large visual field within that 550 

targets are placed in, that make it likely that peripheral vision is indeed used, but direct evidence is 551 

missing. For sports practitioners, it is also worth noting that tests on executive functions (e.g., 552 

inhibition of responses to irrelevant color LEDs; see, for example, Laessoe et al112, van Cutsem et 553 

al.113, or Wilke et al.115), or systems for balance control116 can be combined with the FitLight system. 554 

 555 

<<< Table 5 around here >>> 556 

 557 

Vienna Test System 558 

System 559 

The Vienna Test System, developed by Schuhfried GmbH (Moedling, Austria), allows researchers 560 

testing a variety of cognitive and perceptual abilities including, among others, peripheral 561 

perception.117 For the respective subtest (named “PP”), panels with light diodes are attached in an 562 

angle at the right and left of a central screen, on each of which 64 × 8 green LEDs are mounted in 64 563 

columns and 8 rows. With both panels attached, the overall horizontal measurement range for the 564 

visual field spans approximately 180 degrees (W. Grundler, personal communication, 22.9.2020) to 565 

190 degrees,118 depending on viewing distance. Subjects perform a central tracking task and, 566 
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simultaneously, a peripheral perception task. In the central task, participants keep a moving ball 567 

within the cross-hair on the central screen. For the peripheral task, green-light stimuli that are to be 568 

ignored move somewhat randomly toward the periphery and the subject is to react to occasionally 569 

occurring vertical bars, also moving outwards (W. Grundler, personal communication). In the user 570 

manual, the reliability is stated as r = 0.96 and r = 0.98 for the FOV measurement and the tracking 571 

task, respectively. Norms are provided for both measures, based on an assessment of 351 adults. 572 

Performing the test requires approximately 15 minutes. According to the manufacturer, logical 573 

content validity or high face validity can be assumed.117 574 

Assessment of peripheral vision 575 

Targets for the peripheral task are vertical LED bars on one of the 64 horizontal positions 576 

blinking for 60 ms and participants press a foot pedal when detecting the target. In total, 80 target 577 

lights are presented (40 on the right and left, respectively). The first dependent variable, peripheral 578 

reaction time, is measured as the time from the appearance of the target to the foot pedal response. 579 

It is measured separately for the right and left part of the visual field. The second dependent variable 580 

is the angular size of the subject’s horizontal visual field (dubbed “field of vision, FOV”, by Schuhfried; 581 

note that the terms “field of vision” and “field of view” are both ambiguous in that eye movements 582 

are variably included or excluded). It is calculated from the subject’s viewing distance, measured by 583 

an ultrasound distance sensor at the moment the foot pedal is actuated.  584 

Based on these descriptions, it appears peripheral vision can be examined with the system: A 585 

central task requires participants to keep fixating the monitor, while a simultaneous peripheral task 586 

requires processing information from the visual periphery. Besides controlling participants’ gaze by a 587 

central task, additional control is provided by recording head position. There is no information about 588 

the eccentricity of the individual target lights and the calculated reaction time is presumably the 589 

average of all detections. An adaptive algorithm on the position of these lights ensures that there are 590 

at least 50% detected targets.119 591 
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Empirical findings and discussion 592 

The results of 7 studies with the Vienna Test System’s peripheral perception test (PP) presented 593 

in Table 6 show that, so far, no intervention study was conducted. One study, however, showed that 594 

it is possible to improve performance after one training session.120 The system was mainly used to 595 

test differences between groups, different conditions, or retest reliability. Results showed that 596 

athletes respond faster than non-athletes119; 121 and that peripheral reaction times are shorter after 597 

physical exercises.122; 123 One study found differences in peripheral reaction times in the left, 598 

compared with the right visual field.124 Results on the visual field showed that increased mental 599 

fatigue decreased the visual field by 8.3° (from 189.9° to 181.6°)118 similar to physical exercise in 600 

physically active men.122 Second-division handball players, however, do not have a smaller horizontal 601 

visual field after an anaerobic exercise and, to the contrary, showed improved performance in the PP 602 

(in the number of correct reactions and omitted reactions).123 Another study, which was published 603 

after our systematic search, but should nevertheless be noted here, found that perceptual-cognitive 604 

training can improve peripheral vision performance – measured with the Vienna Test System before 605 

and after the intervention – of  young football players.125  606 

Overall, the combination of a foveal and a peripheral task is an elegant way to examine 607 

peripheral perception without using eye-tracking fixation control. If people have to fixate on the 608 

central display to perform well in a foveal task, participants likely do not use eye-movements to 609 

detect the peripheral target. The downside of that method is that there are dual-task costs. This 610 

potentially explains the moderate to poor reliability for the left (.74) and right (.58) visual angle, 611 

respectively.120 Therefore, the peripheral vision test in the Vienna Test System “might not be precise 612 

enough to detect improvements caused by PV interventions in sports research”.120 The system is not 613 

appropriate for testing peripheral reaction times for different viewing eccentricities, because it only 614 

calculates the overall peripheral reaction time. It seems, however, a useful measurement system for 615 

peripheral reaction times and peripheral movement detection, for which good reliability was 616 

reported.117 617 
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 618 

<<< Table 6 around here >>> 619 

 620 

Overall discussion and outlook 621 

The aim of this topical review was to identify peripheral vision testing and training tools that 622 

were most frequently used in sports research, to then discuss whether, and how, they measure and 623 

train peripheral vision. The results show that touch-board/screen tools (Dynavision D2: 32 studies, 624 

Cognisense Neurotracker: 28 studies and the Vienna Test System: 7 studies) are used the most but 625 

that there is also a significant body of research on strobe glasses (Nike Sparq Vapor Strobe: 15 626 

studies) and LED-light equipment (FitLight Trainer: 12 studies). There is only limited evidence, 627 

however, that peripheral vision is indeed used in these systems, mainly because eye-movements 628 

were not recorded. Nevertheless, the task characteristics (i.e., secondary tasks, gaze instructions, 629 

positioning of targets in the visual environment, motor responses demanded) suggest that peripheral 630 

vision does play an important role for most devices. 631 

Maybe due to the applied nature of many studies, experimental control over gaze behavior 632 

seems not have been prioritized in the studies surveyed. Compared to the other systems, studies 633 

using the Dynavision D2 and the Vienna Test System appear to have the most experimental control 634 

over perceptual variables (e.g., viewing eccentricity), considering that the peripheral target positions 635 

can be manipulated and that the observer’s viewing distance – which defines the size of the tested 636 

visual field – is mostly standardized. An asset of these devices is their employment of a secondary, 637 

foveal task. With such a task, participants are likely to fixate there and not focus on the peripheral 638 

targets because foveal acuity is required to solve the central, secondary task. This kind of ensuring 639 

fixation is frequently used in perimetry (e.g., Kasten et al 126, or Poggel et al.127) and is sometimes 640 

termed indirect fixation control. These dual-task situations seem to be found also in sports, for 641 

example, when focusing on the direct opponent in soccer and, at the same time, process information 642 
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from another player in the periphery.38; 128 However, the dual task approach represents a situation of 643 

divided spatial attention and is thus likely to affect peripheral attentional performance in an 644 

uncontrolled way, making comparisons between systems that do, or do not, use the secondary task 645 

difficult (cf. Carrasco79). 646 

In sports, peripheral vision is needed to process information coming from up to very large 647 

eccentricities. In combat sports, for example, it is known that gaze is often fixated on the opponent’s 648 

head or chest, and that attacks from arms and legs are detected with peripheral vision.30; 129; 130 The 649 

fact that athletes fixate high on the opponent’s body but are still able to react to leg attacks, suggests 650 

that they can process the information from the opponent’s leg at a very large eccentricity. These 651 

processing demands can be simulated with the Dynavision D2 and the Vienna Test System (in the 652 

horizontal direction) because peripheral stimuli can be presented at large eccentricities. For combat 653 

sports, the Dynavision D2 might be even more suitable for testing because peripheral stimuli need to 654 

be deactivated with hand responses, which is similar to a defensive movement when blocking the 655 

attack from the opponent. In contrast, the Vienna Test System demands foot-pedal responses, which 656 

could, maybe, be linked to the initiation of a movement response to a certain direction. Both 657 

assumptions could be tested in future validation studies. 658 

The processing of movements is essential in sports; be it the movement of a ball, or a player 659 

moving towards the basket or goal. There is evidence from eye-tracking studies in sports showing 660 

that athletes seem to process a lot of movement information with peripheral vision (e.g., Ryu et al.41; 661 

42 or Williams & Davids35). Testing the ability to process movements is not possible with the Vienna 662 

Test System or the Dynavision D2, because targets simply need to be detected and are not moving. 663 

Neurotracker, in contrast, requires to continuously update information from moving targets, similar 664 

to sports. There is, however, no Neurotracker study that has yet used eye-tracking devices to confirm 665 

that peripheral vision is used (in contrast to the classical MOT studies).44–48 Also, different to the 666 

situation in many sports, Neurotracker stimuli are presented in a rather narrow visual field (approx. 667 
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45°), and no motor responses are requested. The link between peripheral perception and action is 668 

mainly made in intervention studies. In these, improved Neurotracker performance was expected to 669 

transfer to driving skills, football decision making skills, or volleyball skills, all of them requiring the 670 

processing of information for multiple movements in the periphery. The current research state, 671 

however, shows that there are either no transfer effects (driving and volleyball) or that there appear 672 

to be transfer effects that would need to be replicated with more objective assessments and larger 673 

sample sizes (soccer).88  674 

As in the combat sports example, the processing of peripheral information is often linked to the 675 

initiation of movement responses in complex decision-making situations.4 The FitLight system allows 676 

researchers to create such a complex visual environment typically found in sports. The targets can be 677 

placed anywhere in the environment and full-body movement responses for turning off the target 678 

lights can be requested. It is possible to measure reaction and movement times for targets placed at 679 

different eccentricities. But, based on the research evidence so far, it is not clear whether 680 

participants are indeed using their peripheral vision, as claimed. Instead, foveal visual-search skills 681 

might be more important. Eye-tracking research is needed here, to experimentally test the relative 682 

importance of foveal and peripheral vision. With the FitLight system, one could increase the 683 

importance of peripheral vision by decreasing the predictability of the next target location with a 684 

random target-location sequence (the same could be done with the Dynavision D2 system). If the 685 

next target location is not predictable, it is unlikely that foveal vision is already located at the next 686 

target location. As a consequence, the preview functionality of peripheral vision (i.e., detecting a 687 

target in peripheral vision first for eliciting a saccade thereto), could become more important. This 688 

functionality has also been discussed in vision science (e.g., Henderson131) and sport science (e.g., 689 

Vater et al.4).  690 

Another, more attention-related skill that is often linked to peripheral-vision processing is the 691 

ability to inhibit irrelevant stimuli. In soccer decision making, for example, experts disregard players 692 
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positioned far away from the ball, although they are in their visual field.36 The FitLight system allows 693 

researchers to create such conditions where only specific target-light colors require a reaction while 694 

others are to be inhibited (i.e., should not be responded to). Similarly, the Neurotracker task includes 695 

objects that do not need to be tracked. It should be noted, though, that different neural processes 696 

are assumed to be involved for the two devices: While Neurotracker requires attentional suppression 697 

of visual distractors,132; 79 FitLight requires inhibiting a motor response  (i.e., “to deliberately control 698 

prepotent responses”, c.f. Latzman & Markon133). 699 

One difficulty for future research will certainly be to disentangle the role of memory and 700 

(peripheral) vision. It cannot be ruled out that sports athletes make decisions based on their 701 

extensive knowledge base (memory) and not based on their visual information processing. An 702 

example: If a soccer player knows about the action preferences of the opponent, there is little need 703 

to always have him or her in peripheral vision. For the devices reviewed here, research has shown 704 

that Neurotracker training improves working memory, and that strobe glass training improves short-705 

term memory. For both devices, no improvements in peripheral vision performance have been 706 

observed. Instead, research for the strobe glasses suggests improvements in foveal rather than 707 

peripheral vision. Future research should therefore focus on the interaction between memory and 708 

vision, as both processes are important in sports. 709 

A limitation of this review is that not all of the studies included are focused on the use of 710 

peripheral vision. Other, related topics were in the center of interest, like  attention skills (visual 711 

awareness, spatial attention, working memory, inhibition) or the effects of a certain training 712 

intervention on reaction times. Nevertheless, based on the task characteristics and methods used, 713 

these studies can still help researchers to better understand the role of peripheral vision. Another 714 

limitation is that we limited our search to three general databases (with additional searches in 715 

Google Scholar). Including other, more specialized databases such as PsychInfo might reveal more 716 

published studies that would be relevant for the current topic and reduce the likelihood of a 717 
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publication bias. A previous review on peripheral vision in sports, however, used the same databases 718 

as the current one.4  719 

Summing up, a number of peripheral vision tools are available on the market. While some tools 720 

have been used mainly as testing devices (Dynavision D2, Vienna Test System), others have mainly 721 

been used for training (Cognisense Neurotracker, FitLight, Nike SPARQ Vapor Strobe). With our 722 

analyses of the five most widely-studied peripheral vision tools, we were able to show that devices 723 

like the Dynavision D2 and the Vienna Test System allow testing the ability to detect peripheral 724 

targets with comparably high experimental control and (simple) action responses. Neurotracker 725 

focuses on the ability to process target movements over a longer period of time, concentrating on 726 

the distribution of spatial attention and working memory components, and is often used to train 727 

cognitive skills (peripheral awareness). FitLight is best suited to create complex environments with 728 

gross motor responses, where the preview functionality of peripheral vision might be tapped. If and 729 

how peripheral vision is tested and trained with the Nike Sparq Vapor Strobe is not clear. Future 730 

research with the reviewed devices should certainly include eye-tracking if possible, to investigate 731 

whether visual search strategies support the expected use of peripheral vision. Furthermore, the 732 

interaction between memory, attention, and perception needs further research, especially for 733 

Neurotracker. Once it is known how peripheral vision is used with these tools, intervention studies 734 

could show whether device-specific improvements will help to improve peripheral vision 735 

performance in sport-specific situations.736 
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Figure Legends 

Figure 1. A flow chart indicating the number of studies included in the four stages from 

identification of relevant studies to their eventual inclusion. Boxes on the right indicate the reasons 

for excluding papers from the next stage of analysis. 
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Appendix 

Search example for ScienceDirect: 

https://www.sciencedirect.com/search?qs=Sport%20And%20%22Vienna%20Test%20System%22&ar

ticleTypes=FLA 

https://www.sciencedirect.com/search?qs=Sport%20And%20%22Vienna%20Test%20System%22&articleTypes=FLA
https://www.sciencedirect.com/search?qs=Sport%20And%20%22Vienna%20Test%20System%22&articleTypes=FLA
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TABLE 1. Overview of what information was extracted for the five devices included in the review 
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Device-specific criteria 

Dynavision D2 x x  x x x x  x   Secondary 
task Test mode Familiarization 

trials 
Target light 
duration 

Subset of 
rings 

Interval 
between 
digits 

Digit 
duration 

CogniSense Neurotracker x x  x x x x x x x  Number of 
targets 

      

Nike Sparq Vapor Strobe x x  x x   x  x  Training/ test 
duration Task Opaque 

interval  
    

FitLight Trainer x x  x x x x  x   Number of 
targets 

Interval 
between 
target lights 
(s) 

Number of 
series and 
reactions 

Motor 
response 

Visual field 
(horizontal)   

Vienna Test System x x  x x x x x x   Foveal task 
performance FOV (°)      

Abbreviations: PV = peripheral vision; FOV = field of view; x = information extracted.  
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TABLE 2. Characteristics of studies on the Dynavision D2  

St
ud

y 

G
ro

up
 o

f 
pa

rt
ic

ip
an

ts
 

n Ey
e-

tr
ac

ki
ng

 

Se
co

nd
ar

y 
ta

sk
 

In
te

rv
al

 
be

tw
ee

n 
di

gi
ts

 (s
) 

D
ig

it 
du

ra
tio

n 
(s

) 

In
st

ru
ct

ed
 

to
 u

se
 P

V 

St
an

da
rd

 
po

si
tio

n 

Te
st

 m
od

e 

Fa
m

ili
a-

riz
at

io
n 

tr
ia

ls
 

Ta
rg

et
 li

gh
t 

du
ra

tio
n 

(s
) 

Su
bs

et
 o

f 
rin

gs
 

Anderson, et al. 
(2011)134 67-year old woman 1 no no - - n.d. n.d. A, B 2 × 60s 3 - 

Bello, et al. (2019)135 high-level male and female soccer players 24 no yes 3 1 n.d. n.d. A, B 3 × 60s n.d. - 
Bigsby, et al. (2014)136 Division I college football team members 105 no no - - n.d. yes A,C 1 trial n.d. - 
Bixenmann, et al. 
(2014)137 Division I college football players 107 no yes (balance) - - n.d. yes A,C n.d. n.d. - 

Bruce, et al. (2017)138 healthy, physically active, college-aged 
volunteers 56 no no - - n.d. yes A,C 1 × 60s n.d. - 

Carrick, et al. (2017)139 subjects with sports concussions 70 no no - - n.d. n.d. n.d. n.d. n.d. - 
Church, et al. (2015)140 recreationally active individuals 20 no yes 5 n.d. n.d. yes A,B,C n.d. 1 - 
Clark, et al. (2012)103  Division I college baseball team n.d. no no - - n.d. n.d. A n.d. n.d. - 
Clark, et al. (2015)70 baseball, football, and volunteer subjects 101 no yes 8 1 yes yes A 1 × 60s n.d. - 

Clark, et al. (2015)65 University of Cincinnati football team n.d. no yes (in 
training) n.d. n.d. n.d. yes A, C 2 × 60s n.d. - 

Clark, et al. (2017)72 college athletes, college students, and 
concussion patients 53 no no - - yes n.d. C n.d. n.d. - 

Cross, et al. (2013)141*  female collegiate volleyball players 7       B    

Dawes, et al. (2014)142 healthy males 41 no no - - n.d. yes C n.d. n.d. - 

Feldhacker, et 
al.(2019)143 Division I women softball team 21 no yes (in 

training) n.d. n.d. n.d. n.d. 

A,C 
(test), 
B,C 

(train) 

3 × 60s n.d. - 

Fragala, et al. (2014)76 adults (age >60 years) 25 no no - - n.d. n.d. A,C n.d. n.d. - 
Gonzalez, et al. 
(2015)144 male regular caffeine consumers 10 no yes 5 n.d. n.d. yes A, B, C n.d. 1 - 

Hoffmann, et al. 
(2012)66 NCAA Division I Basketball 10 no no - - yes yes C n.d. n.d. - 

Jajtner, et al. (2013)145 players from women’s soccer team 28 no no - - n.d. yes C n.d. n.d. - 
Kauffman, et al. 
(2015)69 

female Division I athletes from multiple 
sports 54 no no - - yes yes A n.d. n.d. - 
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Klavora, et al. (1994)63 university students 117 no yes 5 1 yes yes B n.d. 0.5, 1 - 
Klavora, et al. (1995)62 university students 102 no yes 5 1 yes yes A,B yes 0.5,1 - 
Mangine, et al. 
(2014)146 professional basketball players 12 no no - - n.d. yes A, C n.d. n.d. - 

Miller, et al. (2019)67 Division I NCAA football players 25 no no - - yes yes A n.d. n.d. 3,4,5 

Picha, et al. (2018)147 healthy adults 30 no yes (math and 
reading) n.d. n.d. yes yes A, B 

3 × 60s 
(before 

session 1) 
0.75 - 

Pruna, et al. (2016)148 male endurance athletes 12 no yes 5 n.d. yes yes A,B,C n.d. 1 - 
Purpura, et al. 
(2017)149 healthy males 30 no no - - n.d. n.d. C n.d. n.d. - 

Razon, et al. (2016)150 healthy male and female 83 no yes (math) n.d. n.d. n.d. yes B 1 × 30s 1 1,2,3 
Schwab & Memmert 
(2012)151 field hockey players 34 no n.d. n.d. n.d. n.d. n.d. C n.d. n.d. - 

Stone, et al. (2018)152 young adults 40 no no - - n.d. yes A 2 × 60s n.d. 1,2,3,4 
Wells, et al. (2014)68 young adults 42 no yes 5 0.75 yes yes A, B, C 3 × 30s 1 - 

Wilkerson, et al. 
(2017)153 college football players 42 no 

yes (numbers, 
words, 

sentences) 
- - n.d. yes A, B 3 × 30s - - 

Abbreviations: PV = peripheral vision; n.f. = not found; n.d. = not defined; Note: No full text was available for references marked with *. The information provided in the table 
was taken from a previous review.61 
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TABLE 3. Characteristics of studies on the Neurotracker 
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Assed et al. (2016)154 women 1 no no n.d. 1 to 3 intervention no 

Chamoun et al. (2017)155 healthy young adults 17 no yes 177 cm away from central 
wall of cave 4 between-group no 

Chermann et al. (2018)156 rugby players with and without concussion 59 no no 45° 4 intervention no 
Corbin-Berrigan et al. (2018)93 mTBI patients and healthy controls 34 no no 160 cm away from a 60” TV 4 intervention no 

Corbin-Berrigan et al. (2020)92 clinically recovered mTBI patients and healthy 
controls 20 no no n.d. 4 intervention no 

Corbin‐Berrigan et al. (2020)91 children with post-concussion syndrome 9 no no 60”  screen 4 intervention no 
Fabri et al. (2017)157 healthy children and youth 106 no no n.d. 3 within- vs. between-group no 

Faubert et al. (2013)94 professional athletes (soccer, hockey, rugby), 
elite amateurs and non-athletes 308 no no 46° 4 between-group no 

Fleddermann et al. (2019)85 elite volleyball experts 43 no no 46° 4 intervention yes 
Fragala et al. (2014)158 older adults 25 no no n.d. n.d. intervention no 
Harenberg et al. (2016)159 students 29 no no 152 cm away from a 65” TV 4 correlation no 
Harris et al. (2020)86 students 84 no no 48° 4 intervention yes 
Harris et al. (2020)160 students 36 no no 48° 4 intervention no 
Legault & Faubert (2012)161 older adults 41 no no 42° 4 intervention no 

Legault et al. (2013)162 younger and older adults 40 no yes 42° 3 or 4 between-group and  
intervention no 

Lysenko-Martin et al. (2020)163 participants with concussion histories 457 no yes 160 cm away from a 52” TV 4 correlation no 
Mangine et al. (2014)146 NBA players 12 no no 46° 4 correlation no 
Mejane et al. (2019)164 female recreational athletes 19 no no 130 cm from screen 3 within-group no 
Michaels et al. (2017)165 adults (licensed drivers) 115 no no n.d. 4 correlation no 
Moen et al. (2018)166 athletes from various sports 60 no no n.d. 2 to 4 intervention no 
Musteata et al. (2019)90 older adults 47 no no n.d. 4 intervention no 
Parsons et al. (2014)75 students 20 no no cube size 8 × 8 feet 4 intervention no 
Plourde et al. (2017)167 children, adults, and older adults 60 no no 40cm from 10 tablet 3 between-group no 
Romeas et al. (2016)84 university-level soccer players 19 no yes HMD 4 intervention yes 
Romeas et al. (2019)168 university badminton athletes 71 no no 46° 4 intervention no 
Tullo et al. (2018)89 students with neurodevelopmental condition 129 no no 5 feet away from 50” TV 3 intervention no 
Tullo et al. (2018)169 adults 70 no no HMD, 46° 1 to 4 correlation no 
Vartanian et al. (2016)170 army members 41 no no 5.5 feet away from 65” TV 4 intervention no 

Abbreviations: PV = peripheral vision; n.f. = not found; n.d. = not defined; mTBI = mild traumatic brain injury;  
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TABLE 4. Characteristics of studies on the Nike SPARQ Vapor Strobe 
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Appelbaum et 
al. (2011)100  

students, 
athletic team 
members 

157 inter-
vention level 1-6 

frisbee: 6 
sessions  
football: 9-10 
sessions 

frisbee: passing and throwing drills in stationary 
and running situations; football: warm-up and 
agility drills, with variability in timing (10-30 min) 

UFOV, MOT 

Appelbaum et 
al. (2012)96 

students, 
member of 
athletic teams 

84 inter-
vention level 1-6 15-45 

in-lab: turn-and-catch drills (27 min) soccer: 
passing and dribbling drills (15-45 min);  
basketball: warm-up and agility drills 

partial-report task (identify letter in 
ring of letters around a fixation point) 

Appelbaum et 
al. (2016)102 

college 
softball 
athletes 

25 inter-
vention 

start level 3: 
increased/ 
decreased over 
time or 
additional drill 

22 times, 5-
10 minutes 

strobe softball and strobe batting (task: batting 
against a machine for 3-5 min) 

Nike Sensory Station (9 tasks: Visual 
Clarity, Contrast Sensitivity, Depth 
Perception, Near-Far Quickness, 
Target Capture, Perception Scan, 
Eye-Hand Coordination, Go/No-Go, 
and Response Time) 

Ballester et al. 
(2017)98 

male 
undergraduat
e students 

20 within-
group level 3 (150ms) 120 trials coincidence-anticipation task (press button when 

target reaches final position on a 3-m LED track) Psychomotor vigilance task (PVT) 

Bennett et al. 
(2018)97 young adults 18 

between
-group, 
inter-
vention 

level 2, 4, 6 96 trials 
MOT and MOA (move white cursor to red target 
whilst avoiding the green objects); secondary 
audio-cue detection task 

no 

Clark et al. 
(2012)103 

professional 
baseball 
players 

n.d. inter-
vention n.d. 

2 sessions 
per week in 
season 

baseball batting no 

Clark et al. 
(2015)70  

football 
players 101 inter-

vention 

start: speed 1 
or 2; end: 
speed 4-6 

n.d. throw balls between subjects no 

Ellison et 
al.(2020)106 

male 
participants 62 inter-

vention level 3: 150ms 7-8min Sport Vision Trainer (eye-hand coordination; task: 
touch light as it illuminates) visual search task 

Fransen et al. 
(2017)99 

youth soccer 
players 189 

within-
between
-group 

level 3 
(150ms), level 
7 (650ms) 

1 trial soccer dribble test no 

Kim et al. 
(2017)171 

healthy 
subjects 18 within-

group 100ms 1 trial, 10s single-leg stance (balance task) no 

Mitroff et al. 
(2013)104 

NHL ice 
hockey 
players 

11 inter-
vention level 1-6 

10 min per 
day for 16 
days 

normal training (e.g., passing, skating on ice and 
during balance or conditioning drills) 

Ice-hockey-specific and position-
specific task (forwards: goal scoring; 
defensemen: long passes) 
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Smith and 
Mitroff 
(2012)95 

university 
members 30 

(short) 
inter-
vention 

level 3 (150ms) 5 blocks with 
10 trials 

anticipatory timing task (Bassin Anticipation Timer 
with 200 red LEDs on a 4m track; task: press 
button when signal reaches end of track) 

Anticipatory timing task 

Wilkins & 
Gray 
(2015)101 

athletes 30 inter-
vention 

constant: 
40ms; variable: 
increased from 
40 to 120ms) 

8 sessions × 
20 min 

four simple tennis-ball catching drills (wall-ball 
catch, the front catch, the turn and catch, and the 
power ball drop) 

The Team Sports UFOV test (single- 
and dual-task; running direction of 
central player and/or position of 
peripheral player), Motion in Depth 
Sensitivity test (MIDS; task: decide 
which flow field has greater 
movement speed) 

Abbreviations: n.f. = not found; n.d. = not defined; mTBI = mild traumatic brain injury; MOT = Multiple Object Tracking; MOA = Multiple Object Avoidance; UFOV = useful field of 
view  
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TABLE 5. Characteristics of studies on the FitLight system 
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Čoh (2019)172 student athletes 76 no no n.d. n.d. 7 random n.d. full body (sprints and jumps) 

Florkiewicz et al. (2015)108 university handball players 
and non-athletic students 28 no no yes 180°  8 random test 1: 2 × 22; 

test 2: 30 s 
test 1: dominant hand 
test 2: full body 

Laessoe et al. (2016)112 elderly and  young people 45 no no yes approx. 180° 8 0.5 6 × 25 full-body reaching movement 

Millikan et al. (2019)109 students 22 no yes yes 200-220°  10 - 3 successful 
hops 

jump with one foot 
("peripheral reaction hop") 

Rauter et al. (2018)173 young soccer players and  
students 94 no no yes 200-220°  7 random 4 × 6 full-body 

Reigal et al. (2019)107 children (10-12 years) 119 no no yes 180°  8 random 2 × 60 dominant hand 

Serrien et al. (2019)111 students and research 
assistants 16 no no no  approx. 170° 6 2.5 4 × 15 arm movements 

Shelly et al. (2019)174 football student-athletes 18 no yes yes 180°  10 random 3 × 50 arm movements 

Snyder and Cinelli (2020)116 soccer players and  non-
athlete controls 43 no no yes 120° 5 random 12 × 6 balance task and reaching 

movement with both legs 

Van Cutsem et al. (2019)113 badminton players 20 no no yes  approx. 85° 8 3, 4, 5 or 
6 1 × 64 full-body 

Wilke et al. (2020)115 healthy, active individuals 13 no no yes up to 360°  8 random 6 tests with 20-
60 trials 

tests with hand and full-body 
movements 

Zwierko et al. (2014)110 expert handball players and 
non-athletes 24 no no yes approx. 170° 8 0.1 - 3.0 10 × 22 dominant hand 

Abbreviations: n.f. = not found; n.d. = not defined; Note: If the visual field (in which stimuli were positioned) was not specified by the authors, it was estimated based on the 
description or figure for the experimental setup.  
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TABLE 6. Characteristics of studies on the Vienna Test System 
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Jimenez-Pavon et 
al. (2011)122 physically active men 22 within-group no no n.d. no pre: 175 ± 9 

post: 171 ± 8 
Kunrath et al. 
(2020)118 

university soccer 
players 18 within-group 

(Stroop task) no no n.d. pre: 5.46 
post: 5.44 

pre: 189.9 ± 12.03  
post: 181.6 ± 7.69 

Poliszczuk et al. 
(2013)124 

female basketball 
players 17 single test no no n.d. no approx. 175 

Schumacher et al. 
(2019)120 male athletes 21 test-retest 

reliability no no sitting position; 30-60 cm 
distance to screen 

T0: 8.23  
T1: 8.29 

T0: 184.34 ± 6.98  
T1: 183.09 ± 6.80 

Zwierko et al. 
(2007)119 handball players 32 between-group no no n.d. athletes: 11.11 ± 1.09 

nonathletes: 13.87 ± 2.10 
athletes: 170.95 ± 9.15; 
nonathletes: 173.76 ± 3.82 

Zwierko et al. 
(2008)123 handball players 18 within-group no no n.d. before effort: 11.43 ± 1.44 

after effort: 11.44  ±  1.76 
before effort: 167.46 ± 12.83 
after effort: 173.46 ± 7.72 

Zwierko et al. 
(2010)121 

volleyball players and 
non-athletic subjects 24 between- group no no n.d. no no 

Abbreviations: n.f. = not found; n.d. = not defined 
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