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Perceptual-cognitive skills have a long history of study in sports and are defined as skills
that guide the use of environmental information, underpinning action anticipation, selec-
tion and execution (see Hodges et al., 2021; Williams et al., 2011, for reviews). They have
sometimes been defined as abilities, rather than skills, as there is a continuing debate as to
how much these skills are dependent on experience versus more innate ability. This is par-
ticularly true for visual “skills”, such as static and dynamic visual acuity (Hodges et al.,
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2021). In baseball, perceptual-cognitive skills have primarily been studied with respect to
three types of information use: situational or contextual cues (e.g., pitch count; Gray &
Canal-Bruland, 2018), body-related kinematic cues (e.g., wrist position indicating pitch
type, Miller et al., 2017), and ball-flight related cues (e.g., visual gaze of ball flight;
Fooken & Spering, 2020). The ability to use these sources of information has an impact
on the success of a player at-bat (e.g., Miiller & Fadde, 2016).

Research in baseball has shown that experts and near experts are able to make an accu-
rate prediction about pitch type before ball release or very early in ball flight and can then
decide about the location of this pitch shortly after ball release (e.g., Bahill & Karnavas,
1993; Fadde, 2006; Gray, 2010; Morris-Binelli et al., 2018). A hitter who relies just on ball
flight to respond, will have limited time available to execute their response to a pitch.
Thus, the earlier a batter can identify the pitch type and direction, the sooner they can
initiate their swing, or decide not to swing. Research in various interception sports has
shown that experts are able to use advance cues from the body before ball release and
in the early stages of ball flight to guide their response (e.g., Abernethy, 1996; Fadde,
2006; Gray, 2010).

There has been a relatively recent interest in using virtual reality, virtual environments,
and video game-type tools to train perceptual skills in athletes (e.g., Drew, 2021; Gray,
2017; see Miiller et al., 2023 for further discussion). The COVID-19 pandemic spurred
the development of online environments for physical and motor skills assessment in
public health and psychological research settings (e.g., Gustafsson et al., 2021; Scott-
Andrews et al., 2022) and motivated our own research of such online assessments in
sports. Indeed, the research has been lagging behind the practice, given the commercia-
lisation of online video assessment and training platforms such as gamesense (https://
gamesensesports.com/baseball/), which have already infiltrated professional markets
(https://www.sportsbusinessjournal.com/Daily/Issues/2022/12/09/Technology/mlb-winter-
meetings-baseball-technology-trajekt-gamesense-winreality). More broadly, there are no
evidence-based guidelines regarding when and how to best introduce online video-
based assessments and training and limited evidence to show transfer from playing
video-type games online, to performing in competitive on-field situations (Fadde, 2006;
Gray, 2017; Morris-Binelli & Mdller, 2017; for a review, see Gray, 2019). In this research
study, our aims were to design and assess the reliability and validity of an online task for
the assessment of perceptual cognitive skills in baseball players. Our focus was on pitch dis-
crimination as one aspect of a perceptual-cognitive skill needed in baseball. Pitch discrimi-
nation refers to a batter’s capability to determine, for example, the type or location of a pitch,
such as whether a pitch is a fastball or curveball and whether it will be thrown inside or
outside the strike zone (Miller et al., 2017). We also tested athletes on a non-sport specific
test of Dynamic Visual Acuity (DVA), as a potential component skill suggested to underlie
pitch discrimination (e.g., Laby et al., 2019; Uchida et al., 2013).

To assess perceptual-cognitive skills, particularly anticipatory skills related to outcome
discrimination, temporal occlusion methods have been employed (for reviews, see Aber-
nethy et al., 1994; Miiller & Abernethy, 2012; Smeeton et al., 2019). An action is filmed
and edited at particular points to withhold or provide information deemed important to
anticipation. Elevated prediction at an occlusion point, or an improvement in prediction
accuracy between occlusion points, is considered evidence of information becoming avail-
able for use (e.g., Farrow et al., 2005). In studies using temporal occlusion for assessment,
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expert athletes have been shown to be consistently better able to anticipate outcomes
than novices and make use of advanced kinematic information from the body of an
opponent, which goes undetected by novices (e.g., Abernethy & Russell, 1987a, 1987b;
Farrow et al., 2005; Aglioti et al., 2008; Farrow & Reid, 2012; Mdiller et al., 2017). Differences
in prediction accuracy between skilled and less skilled athletes have been replicated in
many sports and athlete groups, particularly in sports requiring interceptive actions (see
Hodges et al., 2021).

In striking sports, highly skilled, near to expert players, are significantly better at predict-
ing the outcome of an opponent’s action before ball release in bowling, serving, and pitch-
ing actions (e.g., Brenton et al,, 2016; Chen et al., 2017; Farrow & Reid, 2012; Miiller et al.,
2006, 2017; Weissensteiner et al., 2008). Highly skilled players were able to predict out-
comes above chance at the point of ball release, whereas novices were only able to
predict above chance when ball flight was visible (Brenton et al., 2016; Miller et al.,
2006). These results indicate that lesser-skilled players and novices rely on ball flight to
make predictions, rather than body-related kinematic cues from the pitcher/thrower.

When assessing visual anticipation in professional baseball batters, Miiller and col-
leagues (2017) showed that whereas accurate predictions could be made about pitch
type early in the action, more time and ball flight were required to accurately predict the
final location of the ball (see also Morris-Binelli et al., 2018). Batters completed a task requir-
ing them to discriminate pitch type and estimate ball location based on occluded in-game
footage of professional pitchers. At the first three occlusion points (ball release until 200 ms
after), pitch type predictions were more accurate than pitch location predictions. This pitch-
type advantage did not change until all ball flight information became available to the
batter (no occlusion condition). Further, predictions were less accurate at all occlusion
points when both type and location predictions were made, rather than either location
or type individually. Asking batters to decide location before they have determined pitch
type might interfere with their ability to accurately predict the ball’s flight. Because pitch
location accuracy was not above guessing level until 200 ms after ball release, it appears
likely that batters are deciding about pitch type first, with professional batters able to accu-
rately predict pitch type at ball release.

In the literature discussed so far, we have focused upon discrimination of visual antici-
pation using temporal occlusion perceptual tasks, but it is important to consider how
these findings relate to action. Vision occlusion glasses that can create temporal occlusion
in field-settings (Milgram, 1987) and chronometric analysis that can map visual-perceptual
information to action responses (Abernethy, 1984), have been used to understand visual
anticipation in perception-action coupled tasks. In studies using occlusion glasses to tem-
porally occlude a performer’s vision of an opponent’s action before ball flight, more
expert athletes are superior to lesser-skilled players at using advance visual cues for posi-
tioning the body for object interception (e.g., in tennis return of serve, Farrow & Aber-
nethy, 2003 and cricket batting, Miiller et al., 2009). Temporal occlusion manipulations
during ball flight have also shown that this information is used to guide interception
(e.g., in cricket batting, Miller et al., 2009). Through chronometric analysis, major
league and national youth baseball batters have been shown to initiate their lead foot
stride relative to the point of ball release by the pitcher, indicating use of advance infor-
mation to guide body positioning for bat-ball interception (Hubbard & Seng, 1954; Canal-
Bruland et al., 2015). Bat or racket initiation occurs during ball flight (Hubbard & Seng,
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1954; Canél-Bruland et al.,, 2015). Accordingly, perception-action coupled field studies
underscore the validity of determining advance cue usage and object flight information
for visual anticipation reported in video-based tasks. Further support for this conclusion is
provided by a recent meta-analysis that reported visual-perceptual information to be the
main predictor of expertise discrimination in sport (Kalén et al., 2021). Therefore, under-
standing the validity and reliability of perceptual-cognitive skill in video-based online
tasks is highly relevant to action in sport.

In baseball, hitters must respond to an object which is both low contrast and thrown
from far away, while under significant time constraints (Laby et al., 2019). These visual
demands have led researchers to study general visual skills, which are not specific to
the sport (see Hodges et al, 2021 for review). Laby and colleagues (2019) used a
Landolt C task to assess DVA in baseball players, in which the difficulty of the task was
manipulated by changing the size (i.e., the letter C had different sized openings), contrast,
and viewing time of the target. DVA was positively correlated with the baseball statistic of
walk rate (and negatively correlated with swing rate), indicating greater selectiveness or
discrimination at the plate when deciding whether to swing (Laby et al., 2019; see also
Burris et al.,, 2018). The DVA task was also shown to discriminate between baseball
players and non-players (Uchida et al., 2013). Differences in tracking ability between
groups is thought to be due to differences in exposure to a specific stimulus (i.e., tracking
a baseball), rather than an innate ability to move their eyes well (Palidis et al., 2017). As
such, if such a general tracking skill is important to pitch discrimination, we would
expect a correlation between a measure of DVA and pitch discrimination, potentially
attesting to construct validity.

In this research, we developed an online experimental task to test pitch discrimination
in a group of skilled baseball athletes. Our aims were to determine; (a) the internal and
external validity of this online task by comparing across different skill groups and compar-
ing performance to an in-person task and a non-sport specific test of DVA, as well as to
assess (b) reliability; by comparing responses to repeat viewings of the same stimuli
and of the same pitch delivered by different pitchers. We expected that the more
skilled athlete groups would be better able to discriminate pitch type than lesser
skilled athletes and that they would also show better DVA on a non-sport task, if a
general ability to track fast moving objects is related to skill in baseball. A correlation
between these two measures would be expected. Evidence for both reliability and exter-
nal validity, as evidenced in the latter case through comparisons of the online test of pitch
discrimination to an in-person assessment, were also predicted. As to the scope of this
work, we developed this online test with the long-term goal of being able to collect longi-
tudinal and cross-sectional data on perceptual-cognitive skill development of athletes in
baseball, with the aim of determining sensitivity of these measures to practice experi-
ences across development.

Methods
Participants

Male skilled baseball players (n = 17) were recruited via the University of British Columbia
Baseball Centre and their affiliate organisations. Skilled baseball players (M age = 19.7, SD



386 (&) G.GRIEVEETAL.

= 1.4 yr) were defined as having more than three seasons of playing experience with
either a national (n =4), provincial (n = 10) or regional representative team (n =3) in the
Premier Baseball League (PBL) or in the BC Minor Baseball League. All were part of a
team competing in the NAIA (National Ass. of Intercollegiate Athletics) Cascade Confer-
ence (Northwestern USA College League), thus not only of a high level of skill, but also
representative of college-level athletes who would be using similar types of online soft-
ware for skill development. Baseball experience information was confirmed via a custo-
mised Qualtrics’ survey designed to assess an athlete’s experience in terms of number
of years played (M =14.5, SD = 2.04 yr) and level of competition. The skilled baseball ath-
letes reported participating in informal baseball practice since a mean age of 4.7 yr (SD =
1.9) and in coach-led organised practice since a mean age of 7 yr (SD = 2.4). They reported
practicing a minimum of 6 hr/wk in the 2019 season (the last full season before COVID-19
related restrictions and participation in our study), but more than half of the skilled
sample reported practicing more than 12 hr/wk during this time. We also recruited a
group of male novice participants (n=14; M age =20.6, SD=2.2 yr), who had little to
no baseball experience (i.e., novice group) and hence did not fill in the baseball experi-
ence survey. Novices were recruited via the UBC Psychology Paid Participants’ Studies
list and classroom advertisements. We originally had collected data from n =18 novices
to match the skilled group but on later inspection of the data, four individuals were
excluded because of validity issues with the responses (i.e., a lack of variation in responses
to the pitch discrimination task suggesting the participants had failed to adhere to the
task instructions). We conducted post-hoc power analyses in G*Power (Faul et al., 2009;
Version 3.1.9.7) for both 3- and 4-way mixed-design ANOVAs. Effect sizes were based
on conservative estimates from the baseball study of Chen and colleagues (2017; n=
15 per skill group), which yielded, at the high end, a total sample size of N=16 for our
study (a=.05, 80% power, f=.25).

All potential participants were required to confirm their age and experience with base-
ball via email before they were sent the link to the experience questionnaire. Information
provided in the Qualtrics’ questionnaire was checked before any further invite to continue
with the online experiment. All study procedures were conducted according to the guide-
lines of the University of British Columbia Behavioural Research Ethics’ Board [H19-02705]
and participants provided informed consent before participating. Participants received
$15 Amazon gift card as remuneration on completion of all components of testing. A
sub-sample of the Skilled athletes (n=8) also completed the pitch discrimination task a
second time in-person at the UBC baseball centre as part of pre-season baseline assess-
ment. Informed consent obtained from a third-party researcher not involved in the
study was again obtained from these athletes for secondary use of their data from the
in-person assessments and to cross-validate these with the online assessments. No remu-
neration was provided for the in-person testing.

Stimuli

Three college-level baseball pitchers were filmed with consent to create the visual stimuli
for the experiment. One pitcher’s video was used for familiarisation only (he was familiar
to other athletes) and the other two were chosen for the experiment as they were not
familiar to the participants and had both been previous University or College pitchers.
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One pitcher was recruited by an NCAA Division 1 University within two seasons of filming.
The pitching speeds of the stimuli used in the experiment are given in Table 1, where it
can be seen that the fastball pitches from both pitcher A (~89mph) and B (~85mph) were
both fast and comparable to average speeds of players from the top tier NCAA Division |
(~85mph) and Division Il pitchers (80mph) (https://www.baseballmode.com/average-
pitch-speed-by-age/; retrieved July 2023). Two pitchers were used in the experiment
because batters commonly face more than one pitcher whilst also replicating methods
used in related research (Chen et al,, 2017).

A portable pitching monitor (Rapsodo PITCHING 2.0), a unit which provides infor-
mation about ball release and flight during pitches, was used to confirm pitch type,
final location of the pitch relative to the strike zone, and ball velocity (Aucoin, 2019;
Rapsodo, 2019). Set-up of the Rapsodo unit relative to the camera and pitcher is shown
in Figure 1. Pitchers were asked to throw a series of pitches towards the strike zone of
a hitter who would be approximately 175-180 cm tall. The supervising coach of the
pitcher, who offered to help with the filming and ensure that the pitcher did not throw
more than 24 pitches because of concerns about injury/load stress, instructed the
pitcher as to what pitch to throw. He also confirmed, in conjunction with the catcher
and the Rapsodo output, the type of pitch and final location relative to the strike zone
(i.e., ball or strike). A Sony digital video camera (frame rate 33 Hz) was set up 354 cm
back from the centre of the home plate, and 64 cm to the left, with the lens at a
height of 155 cm (see Figure 1). Camera and pitcher set up were based on the
methods of Chen and colleagues (2017), as this simulates the perspective of an
average height adult batter and ensures depth-cues are not lost by footage being
taken from immediately in front of the pitcher.

Six videos were used from each of the two pitchers for the experimental stimuli, repre-
senting three different pitch types (fastball, curve ball and change-up), such that there
were two videos per pitcher for each pitch type (see Table 1 for speeds). These videos
were selected from amongst the 24 pitches, based on pitches that were expected to
hit or be close to the strike zone. Using Windows’ Video Editor, individual video clips
were edited such that the outcome of the throw was occluded, with edits at various
points in the unfolding action. The first occlusion point (OP1) was 133 ms after the ball
left the pitcher’'s hand. As previous research has reported that a minimum latency for
adjusting ongoing complex striking movements is in the order of 180 ms (McLeod,
1987), we expected batters to still be processing ball release information within this tem-
poral occlusion condition. A duration of an additional 133 ms was applied to the edited
video to create the next occlusion point (OP2) at 266 ms after ball release, and another
100 ms later at 366 ms for the final occlusion point (OP3). These time periods were
based on the work of Chen and colleagues (2017) and corresponded to early, mid, and
late ball flight conditions. The order of trials here was arranged specifically to make

Table 1. Ball speeds for pitcher A and B, for the two pitches thrown for each pitch type (fastball,
change-up or curveball).

Fastball Change-up Curveball
1 2 1 2 1 2
Pitcher A 89 mph 89 mph 75 mph 78 mph 74 mph 77 mph

Pitcher B 84 mph 86 mph 70 mph 72 mph 73 mph 73 mph
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Figure 1. Set up for stimuli filming (from side-view). The gray bump on the left represents the pitch-
er's mound, where the pitcher pitches the ball. The small black box represents the central location of
home plate for which the distances are shown relative to the pitcher’s mound and to positioning of
the Rapsodo unit (to capture pitch-type statistics) and to the video camera for filming of experimental
stimuli (i.e., pitching and ball flight).

sure that the 366 ms clip of a given pitch was not shown before a 133 ms clip of the same
pitch (potentially providing feedback on ball flight and pitch-type).

Procedure

Online test

Pitch Discrimination: After completing the Qualtrics’ survey to help delineate across skill
and experience and determine an individual’s validity to continue, participants were sent
an individual code and link to the online task (to be completed on a laptop or desktop
computer, not a phone). The online experiment was conducted using the Gorilla software
platform for both design and administration (https://gorilla.sc/support). Participants were
asked to conduct the experiment while in a seated position as they made decisions in
response to the videos and to place the centre of the screen at eye level. To facilitate
this procedure and alignment, we used a feature in Gorilla where participants were
asked to put a standard size credit card on the screen and to drag a slider such that
the image on the screen matched the size of the card. As such, when participants were
seated 50 cm from the screen, the stimuli would subtend the same visual angle, irrespec-
tive of screen size.

Participants were asked to view a series of occluded clips of either baseball pitcher and
to discriminate pitch type by pressing an assigned key on the keyboard. They were
encouraged to make fast responses whilst not sacrificing accuracy. Each participant
saw videos of the two pitchers and three pitch types, with two different pitches for
each pitch type. There were also three occlusion times and each video was repeated
twice so we could measure reliability, resulting in a total of 72 pitches. Note that partici-
pants were asked to make decisions about pitch type and not location (cf Chen et al,,
2017). Because of variations associated with screen size and projection angle as a result
of online testing (and hence determination of the strike zone), we did not take measures
of anticipated ball location (i.e., “in” or “out” of the strike zone). Participants were given 3 s
to respond to a given clip before the response screen timed out. This time-out happened
11 times, a maximum of once/person (2 skilled, 9 novice). These trials were subsequently
excluded and not repeated.

Familiarisation practice trials (t = 9), representing a selection of early, mid, and late OPs
for the three different pitch types were included to help participants understand the task
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requirements. During the familiarisation phrase, feedback was provided as to the various
types of pitches. Participants also viewed instructions to explain the differences between
the three pitch types. We further included motivational feedback to encourage partici-
pants during the familiarisation and experimental trials; including “good, keep going”,
“well done, you're doing great” etc., that was independent of accuracy.

During the experimental phase, participants responded to the video clips in the same
manner as during the familiarisation trials, inputting their predictions with a key-press cor-
responding to the pitch type (i.e., fastball, curveball, change-up). Each participant saw
every clip (e.g., Pitcher A, fastball1, 266 ms) twice throughout the online task (72 trials
total). Trials were grouped in short blocks of six trials each. Breaks were scheduled into
the programme between blocks and the participant was able to control the break time.
We showed clips of the same pitcher in blocks but the order of clips and pitchers was ran-
domised across participants. The total time for the pitch discrimination task to be com-
pleted was ~15 min, depending on the amount of rest between blocks. The
chronology of events in the experimental task is illustrated in Figure 2.

Dynamic visual acuity (DVA): after completing the pitch discrimination task, partici-
pants completed a short (~10 min) DVA task using the same Gorilla software platform.
We used a custom-programmed moving Landolt C task, which required participants to
determine the location of the opening of a rotated letter “C" which moved across the
screen at high speed (approximating baseball speed), with gap sizes ranging from one
pixel (hardest) to four pixels (easiest: Palidis et al., 2017; see also Laby et al, 2019 &
Uchida et al., 2013). Participants responded by pressing a key signalling the location of
the opening; either left-up, left-down, right-up or right-down. The same time-out
period (3000 ms) as in the pitch discrimination task was used for this task, but no trials
had to be excluded for time-outs.

Baseball videos
ing toshow ideos of pitchers. Instruction slide
Yourjobis to tell us the type of pitchyou are seeing, (self-paced)
i different points, sothisis not
easy-justike hitting!
For ! ¥ thekeys,
justlike you didin the reaction tests.

Please press space to continue.

AN

Stimulus video (~2000 ms)

Pitch type prompts (2000 ms)
(immediately following end of
stimulus video)

J K L
Fastball Curveball ~ Changeup

J K L “Respond Faster!”

Fastball Curveball Changeup | Prompt. *only if no
response recorded in first

2000 ms
C ) Respond Faster!
Repeat for six trials
*next stimulus video appears You completed Block 4 of trials, Welldone! Please Break between
immediately (0 — 50 ms) after \ take arestifyouneed, then pressthe space barwhen| blocks
keypress response youTrereadyto continue. (self-paced)

Figure 2. Chronological sequence of events for the online experimental task.
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In-person test

A subset of skilled participants completed an in-person version of the task after the online
task. The testing was completed at the university in-door batting cages. Participants stood
in front of a flat screen monitor at a distance of ~180 cm/6 ft (Dell P2319H, 22.5” screen
size, 1920 x 1080 resolution) with a bat, as though they were going to hit the incoming
pitch (i.e, ready to swing stance). This distance was calibrated to ensure the visual
angle subtended by the pitcher on the screen (~5°) matched that experienced in
typical game play with the pitcher’s shoulder (i.e., screen centre) lining up with eye
height (replicating previous methods, e.g., Brenton et al., 2016; Chen et al., 2017). Athletes
were not, however, required to swing, but instead were asked to respond verbally, as
quickly as possible, with their pitch-type response. Only discrimination accuracy and
not speed was recorded. All other procedures were matched to the online task.

Data analysis

We collected data on response time and accuracy (proportion correct responses) for the
online pitch discrimination task and for accuracy only for the DVA task and in-person pitch
discrimination task. We compared accuracy and response time across groups and con-
ditions and calculated perceptual sensitivity using d prime for pitch discrimination for
the online task. The measure of d prime was based on comparisons of fastballs and
change-ups only, where hits (correct-detections) and false-alarms (incorrect detections)
were calculated for each individual. Because our task allowed for extreme hit and false
alarm results (0 and 1), we used a log linear normalisation procedure (Hautus, 1995) to
adjust for biases. The loglinear procedure requires that all values be corrected and so
we added 0.5 to every hit and false alarm score, and added 1 to the total number of
trials (Hautus, 1995). These corrected values were then entered into the standard d
Prime calculation, d’=Z(H) - Z(F). We chose to compare only fastballs and change-ups,
excluding curveballs, as these two pitches are the most similar kinematically until late
in ball flight and most difficult to differentiate.

Statistical analyses were conducted using JASP (version 0.12.2, JASP team 2020) and
involved comparisons across the two skill groups when possible using mixed-design
ANOVAs. For pitch discrimination, the repeated measures’ (RM) variables were pitcher (A
or B), pitch-type (fastball, change-up or curveball) and occlusion point (OP1-3, correspond-
ing to release point +133, + 266 or +366 ms). We also ran a fully RM-ANOVA comparing
across the online and in-person task for the subset of skilled participants who completed
both tasks, with task as an additional factor. For the DVA task, gap size of the Landolt C
(1-4 pixels) was the only RM factor. When comparisons involved more than two means,
Tukey HSD post-hoc comparisons were applied. Cohen’s d is presented as a measure of
effect size when comparing two means and partial eta squared is reported for ANOVAs.

Correlational analyses (Pearson r) were used to relate measures of prediction accuracy
to measures of DVA in order to determine whether performance in one was related to per-
formance in another, speaking perhaps to similar underlying skills for both. We also cor-
related response times and accuracy for the online prediction task to evaluate any
potential speed-for-accuracy trade-offs.

Test-retest reliability analysis (i.e., within-task) was conducted separately for the online
task and then for the subset of athletes who completed both the in-person and online
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versions of the task. Because of the categorical nature of individual responses, these ana-
lyses were based on calculation of percent agreement for the same clip shown twice
within a task. The percent agreement of responses to both exposures of each video
clip was calculated. If participants gave the same response to both exposures, agreement
was 100%, if different responses were given, agreement was 0%. Agreement was calcu-
lated at each occlusion point and then averaged across all occlusion points for each par-
ticipant for statistical analyses.

To give a measure of between-task reliability, we also compared response data in the
online task to that of the in-person task for the same clip. If a person had 100% agreement
for the same clip on the online task, their responses to the in-person version would lead to
a percent agreement of 0%, if no response matched, 50%, if one response matched, or
100% if both responses matched. If the responses to the same clip in the online task
were different (i.e, 0% within-task agreement), but the individual gave these same
responses again in-person, they got a score of 100% between-task agreement. This
reduced to 50% if both responses were the same for the in-person version (i.e., one
different from the online) or 0% if neither response matched. Agreement was calculated
at each occlusion point and then averaged across all occlusion points for each participant
for statistical analyses.

Results
Pitch discrimination: online task

Proportional accuracy

Skilled athletes scored more accurately (M = .58, SD = .34) than the novice participants (M
=.33, SD=.30) on the pitch discrimination task, as confirmed by a main effect of skill
group, F(1,29)=29.04, p <.001, r],%=.50. A single sample t-test showed that only the
skilled group performed statistically above chance (>.33; p <.001). Participants responded
differently to the different pitchers as illustrated in Figure 3. The proportion of correct
responses was higher for pitcher B (M =.54, SD =.35) than for pitcher A (M =.39, SD
=.32), F(1,29) =39.65, p <.001, n,%: .58. We also observed main effects for pitch-type, F
(2,58) =35.88, p <.001, n5=.55 and occlusion point (OP), F(2,58) =3.79, p < .05, nj=.12.
The fastball and curveball were responded to more accurately than the change-up
(both ps<.01) and OP3 (+366 ms) was responded to more accurately than OP1
(+133 ms), p <.05. Skill group did not interact with Pitcher, F(1,29)=232, p=.14, n}
=.07, nor OP, F(2,58)=1.91, p=.16, r)f,z .06, but it did with Pitch-type, F(2,58) =5.16, p
<.0T, mz) =.15, as shown in Figure 3(a) and (b). Skilled baseball athletes were more accu-
rate than novices only for fastball and curveball discriminations. There were no other skill
group-related interactions. However, Pitcher interacted with Pitch-type, F(2,58) = 10.16, p
<.01, r]f,= .26, with differences in accuracy between the fastball and curveball only for
Pitcher A (see Figure 3(a)), as well as with OP, F(2,58) =4.83, p = .01, r/f) =.14, with accuracy
increasing with more information only for pitcher B (data not shown).

Response sensitivity
In Figure 4, frequency of hits and false-alarms are shown for both pitcher A and B when
comparing fastballs to change-ups (collapsed across OP). A hit was a correctly identified
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vidual mean data points are shown in black. Unfilled dots represent a single data point, filled dots
represent overlapping data points.

fastball and a false alarm was a change-up identified as a fastball. Based on a Skill group X
Pitcher mixed ANOVA, there was a main effect of group when comparing across the
adjusted d’ values; with the skilled group (M, = 1.18, SD = 1.26) showing higher sensitivity
than novices (My=.13, SD=1.01), F(1,29) = 12.54, p =.001, n§,= .31. Congruent with the
accuracy data, participants were more sensitive in detecting differences to the pitches
thrown by pitcher B (adj d’=2.0) than to those thrown by pitcher A (adj d'=.36), F
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(1,29) =8.15, p=.008, nf,=.23. The increased sensitivity was a function of the higher
number of false alarms for pitcher A in comparison to B. Close to eighty percent of
Pitcher B's fastballs were correctly identified (9.4/12 trials), with false alarms on only
18% of trials.

Response times

In Table 2 we report response times as a function of skill group and condition. The pattern
of data mirrored what we had seen for accuracy. Novice participants were slower (M =
838 ms, SD =369 ms), than skilled participants (M =625 ms, SD =280 ms), F(1,29) =7.14,
p=.012, nf,=.20 and response times varied as a function of pitcher, F(1,29)=4.30, p
=.047, nf,: .13, with participants responding to pitcher A (M =769, SD =323 ms) more
slowly than to pitcher B (M =672, SD =350 ms). There was also a main effect for pitch
type, F(2,58) =3.56, p =.035, nf,z .11, with fastballs responded to faster overall (as com-
pared to change-ups, p <.05), and OP, F(2,58) =35.91, p <.001, r],23= .55, when more infor-
mation was available, as was the case for OP3 (+366 ms), response times were faster than
OP1 (+133 ms) (p <.05). Pitch-type and OP also interacted, F(4,116) = 6.26, p <.001, n,zj=
.18. The difference between OPs was less for change-ups than for the other pitch types
(particularly OP1 and OP2). There was also a Pitcher X Pitch type interaction, F(2,58) =
416, p=.02, r)f,z .13. The slower responses for pitcher A versus pitcher B were mostly
driven by slower responses for change-ups.

To determine whether there were speed-accuracy trade-offs for this online discrimi-
nation task, we looked at the relationships between accuracy and response time for
each pitcher and for each skill group. For skilled participants, there was a small-to-mod-
erate size positive relationship between individual average response times and their
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Figure 4. Mean proportion of hits and false alarms in detection of fastballs compared to change-ups
as a function of skill group and pitcher. Individual data points are represented by black dots. Unfilled
dots represent single data points and filled dots represent overlapping data points. Error bars rep-
resent SDs.
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Table 2. Mean response times (ms) for both skill groups for pitcher A and B, as a function of pitch type
and occlusion point (OP = occlusion point).

Fastball Change-up Curve Ball
OP1 OP2 OP3 OP1 0oP2 OoP3 OP1 0oP2 OP3

Pitcher A Skilled 809.82  611.08 543.18  733.76 835.11 663.83  787.73 73694  651.77
Novice ~ 894.01 81865  631.04 94691 102092 80142 91952  782.03  780.31
Pitcher B Skilled 719.00  541.04 469.84  581.26 55846  409.79 71456  458.08 41891
Novice ~ 956.88  762.15  708.71 877.79 84261 78385 95672 79139  803.34

overall mean accuracy for pitcher A (r=.31, p =.004) and pitcher B (r=.14, p =.003). Gen-
erally, slower responses were more accurate, suggestive of a trade-off. However, for
novices there were negative relationships between these two dependent measures for
pitcher A (r =-.20, p =.008) and pitcher B (r=-.32, p <.001). Being slower did not aid accu-
racy, but rather suggest that being slower was more associated with not knowing the
answer.

Within-task reliability

Agreement across the same clips for pitcher A and for pitcher B is shown in Figure 5, as a
function of skill group and pitch-type (averaged across OP). Percent agreement values
ranged from 50% to 82% for the skilled participants (M =71%, SD = 22%), with agreement
being above 75% for all pitch types for Pitcher B. These values were reduced for novices
(M =46%, SD =21%), irrespective of pitcher, ranging from 36% to 52%. These descriptive
differences were confirmed by a main effect of skill group, F(1,29) = 27.0, p < .001, nf, = .49
and pitcher, F(1,29)=7.44, p=.01, n,z)=.21, with reliability being significantly less for
pitcher A (M =54%, SD =22%), than pitcher B (M =65%, SD =26%). There was also a
main effect of pitch type, F(2,58) =3.58, p=.03, néz .11. Post hoc analysis showed that
change-ups were responded to with less agreement across trials than curveballs (p
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Figure 5. Mean percentage agreement in responses across clips for pitchers A & B as a function of
pitch type (FB =fastball, CH = change-up and CB = curveball). Error bars represent SDs.
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=.03), but not fastballs (p = .06). The only interaction was a 3-way interaction of skill Group
with Pitcher and Pitch Type, F(2,56) =7.81, p=.001, n,zj: .22. From inspection of Figure 5,
differences between the skill groups in terms of % agreement were more pronounced for
fastballs for pitcher A, but for curveballs for pitcher B.

Pitch discrimination: in-person and online comparisons

Proportional accuracy

Only accuracy was measured for the online task for a subset of the skilled athletes. As can
be seen in Figure 6(a) (in-person) and 6b (online), it was the online task (M =.62, SD = .34)
that was completed more accurately than the in-person task (M =.52, SD =.37). A 4-way
fully RM ANOVA confirmed these differences across tasks, F(1,8) = 13.23, p =.007, nf, =.62.
There were again pitcher, F(1,8) = 34.73, p < 0.001, nf,= .81, and pitch type, F(2,16) =39.16,
p<.001, nj;=.83 main effects, but no effect of OP. Pitcher B (M=.67, SD=.34) was
responded to more accurately than pitcher A (M =.47, SD=.35) and the pitch type
effects mirrored those for the online task, with fastballs being responded to more accu-
rately than change-ups only (p <.01). We were primarily interested in any task-type inter-
actions that would suggest differences in the pattern of responding when standing ready
to bat, versus seated at a computer. However, there were no significant interactions invol-
ving Task. All Fs were <1 with the exception of Task X Pitch-type, F(2,16) =2.12, p = .15, nf,
=.21 and Task X Pitch-type X OP, F(4,32)=2.33, p=.077, nﬁ =.23. The in-person task
(Figure 6(a)), showed a trend for greater differentiation between the three pitches, par-
ticularly at the earliest occlusion point (OP1) compared to the online task (Figure 6(b)).

Within-task reliability

There was more agreement in responses for the same clip for the online task (M = 74%, SD
=18%) than the in-person task (M=55%, SD=12%), F(1,8)=19.76, p=.002, r/,23=.71.
Although there were no overall differences as a function of pitcher or pitch type, there
was an interaction between Task and Pitcher, F(1,8) =13.29, p =.007, n§,= .62. Post hoc
analysis showed that there was significantly less agreement in responses to pitcher B in
the in-person task than in the online task (p =.002), but not so for Pitcher A.

Between-task reliability

We calculated between task reliability by comparing responses to clips online with
responses given in person. Between task agreement was ~60%. There were no differences
in between task agreement as a function of pitcher or OP, only a trend for a pitch type
main effect, F(2,14) =3.20, p=.072, n§=.31 and a Pitcher X Pitch type interaction, F
(2,14)=8.72, p=.003, r),z,=0.56. Agreement was generally higher for fastballs (69%)
than curveballs (60%) and change-ups (51%), except for Pitcher A, where curveballs
showed more between task agreement than change-ups.

Dynamic visual acuity: online task

There were no differences across the skill groups for the online DVA task, F(1,29) =.74, p
= .40, r)f, =.025 (see Figure 7). There was a significant effect of gap size, F(3,87) =42.42, p
<.001, nf, =.59. Based on post hoc comparisons, the smallest gap (1 pixel) was responded
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to significantly less accurately (p <.001) than all other gaps (2-4 pixels). There was no
interaction between Skill group and Gap size, F< 1.

For skilled participants, there was a non-significant trend for a positive relationship
between average accuracy on the prediction task and DVA accuracy for pitcher A (r
=.30, p=.23), but a trend for a negative relationship for pitcher B (r=-.27, p = .34), as illus-
trated in Figure 8(a) and (b) respectively. For novices, there were positive relationships
between prediction task accuracy and DVA accuracy for both pitcher A (r=.49, p =.08)
and pitcher B (r=.57, p=.03), as shown in Figure 8(c) and (d).
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Discussion

In general, we saw high between-group discriminability (validity) and between-pitch
sensitivity for the online prediction task, coupled with high reliability for the skilled par-
ticipants, particularly for Pitcher B video clips. The pattern of results was similar across
the online and in-person task, with higher accuracy and greater reliability (based on
% agreement) for the online than in-person task. The clips of pitcher A generally resulted
in less reliable and less accurate responding than those of pitcher B. There were no skill-
group differences in the Dynamic Visual Acuity (DVA) task even though all participants
were sensitive to changes in gap size. Although there were relationships between accu-
racy on the prediction task and the DVA task, it was only the novices who showed a stat-
istically significant positive relationship. In the following paragraphs we expand on these
summary points and relate the data to predictions and past literature as well as making
recommendations for future work. We first discuss the data with respect to consider-
ations for internal and external validity, before discussions concerning reliability.

Considerations for internal and external validity

In terms of the ability of the pitch discrimination task test to differentiate across skill
groups, there was good evidence of discriminability. Congruent with previous studies,
novices showed low accuracy on this sport-specific test of pitch-type prediction, per-
forming at chance levels, compared to skilled baseball athletes that were significantly
above chance (e.g., Abernethy et al, 2001; Aglioti et al., 2008; Loffing et al., 2015).
Although both skill groups were more accurate at the later versus early occlusion
points on the online task as would be expected, we did not get any Skill group X Occlu-
sion point interactions indicative of larger differences between the groups for the early
occlusion points (i.e., just after ball release). We acknowledge that the two groups in the
present study were at near opposite ends of the expertise spectrum, such that it is
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Figure 7. Mean proportional accuracy on the DVA task for the two skill groups at each gap size. Error
bars show between participant SDs.
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Figure 8. Scatter plots to show the relationship between accuracy on the DVA task and accuracy on
the pitch discrimination task for skilled participants for pitcher A (a) and pitcher B (b) and for novice
participants for pitcher A (c) and pitcher B (d).

difficult to make any strong statements about the sensitivity of this task to skill. Further
testing will be necessary to expand on the validity of this tests and others like it with
respect to skill-level sensitivity at between and within-group levels (perhaps with
respect to game statistics).

We also showed enhanced perceptual sensitivity in discriminating across pitches that
have similar kinematics at the start of the throw (i.e., fastball and change-ups) for the
skilled athletes. Not only were skilled baseball athletes able to correctly predict a fastball,
something that is thought to be a default response for athletes (Gray, 2010), but they also
showed the capability to distinguish a fastball from a change-up, as evidenced through a
relatively lower rate of false-alarms to hits, notably for pitcher B (confirmed through analy-
sis of d prime). Novices showed similarities in their responding to hits and false-alarms for
both pitchers. Therefore, there is evidence that this online task is able to tap into expertise
related to pitch discrimination, given that the skilled athletes were performing signifi-
cantly above chance, with close to 60% accuracy and high discriminability, especially
when differentiating between fastballs and change-ups.
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With respect to external validity, we compared data collected from a subsample of
skilled participants, who had the opportunity to complete in-person testing in the base-
ball centre, to their online performance for the pitch discrimination task. We showed a
similar pattern of results across both tasks and there were no statistically significant inter-
actions involving task type. However, there were significant differences in accuracy across
the tasks, with surprisingly, the in-person task being responded to less accurately than the
online task. In the in-person task conducted in the indoor university baseball facility, the
main change in procedures was the requirement for participants to hold a bat in a ready-
to-swing stance in front of a relatively large standardised screen, with a standard viewing
angle and an experimenter present. The addition of these variables led to a significant
reduction in accuracy, despite the increased contextual realism from standing, being in
a baseball setting and being in a ready-to-swing stance. These variables may have
served to have added some evaluative stress or increased task complexity for the individ-
uals not present when doing the task at home alone.

There has been discussion in the literature about whether predictive decisions need to
be coupled to the motor response for them to be valid measures of expertise. There is
some evidence that for experts, accuracy is higher when the response is realistic and
coupled in time to the perceptual stimuli (e.g., Farrow & Abernethy, 2003; Mann et al.,
2010; yet see Ranganathan & Carlton, 2007, who showed the opposite). In a recent
meta-analysis of cognitive skills in sports, the authors concluded that although sport-
specific stimuli were important in discriminating across skill groups through decision
making tasks similar to the one we employed here, having a sport-specific response
had no added effect on the discriminability of the test (Kalén et al., 2021). Although in
neither the in-person or online case were individuals making a real-coupled action
response, our results also show that performing the task in an online environment,
devoid of baseball related cues, had no negative effects on prediction capability.

Although our pitchers were both highly skilled and representative of pitchers that our
participants would likely face in their competitive environment, there could still be ques-
tions concerning the generalisability of data based on these two pitchers. The online
response accuracy for pitcher B was ~65% for the skilled group, but dropped to about
47% for the same group when responding to pitcher A. Pitcher A had slightly faster
pitches (see Table 1), which may have added to the difficulty in discriminating pitch
type. However, there is no ideal response accuracy for these perceptual-cognitive tasks,
with a need to ensure that they are neither too easy nor too hard, allowing for discrimin-
ability based on skill and potential sensitivity to practice-related factors. Moreover, there is
reason to think that a success rate of ~50-60% in pitch discrimination may be quite good
when considered at high levels of baseball competitive play. Several statistics can be used
to assess a player’s pitch discrimination in game. For example, slugging percentage is
often used as an assessment of power in hitting, addressing how many bases a player
records at each at-bat, with the MLB average being .42 in 2020 (Childs, 2001). Assuming
that pitch discrimination is a significant factor impacting slugging percentage, as has
been argued in prior literature based on biomechanical analysis of weight transfer (e.g.,
Katsumata, 2007) and correlations between pitch discrimination and in game statistics
(Morris-Binelli et al., 2018; Miiller & Fadde, 2016), our accuracy scores for both pitchers
are in line with actual in-game accuracy.
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If we look at the response time data as a function of accuracy for this online discrimi-
nation task, for the skilled group there was evidence that slowing down improved accu-
racy. Baseball batters typically have less than 400 ms to respond to a pitch for a fastball
in a Major League Baseball game (e.g., Miiller et al., 2017; Gray, 2021). As such, if these
participants were to respond to pitcher A under the time constraints of ball travel
(whose fastball speed was 89 mph), they would have likely performed poorly. Although
we allowed participants up to 3000 ms to respond, the image of the pitcher was no
longer available once the clip had finished, so there were constraints on decision
time, if not as stringent as would be in place under real-world conditions. More time
to respond did not aid accuracy for the novice performers and in fact there was a nega-
tive correlation between speed and accuracy. Being slower was more associated with
having higher error, suggesting that having additional time to respond did not aid
answer generation.

The results of the study were limited by the relatively small sample size during the in-
person task. In future studies, it will be important to not only increase sample size, but
also to validate individual clips, particularly with different skill groups, and potentially
based on hit statistics across a season. Improvements in hitting statistics could be
related to improvements on pitch discrimination tests across a larger sample to
provide additional tests of validity. Because of COVID-19 restrictions on in-person
research activities during the time this experiment was launched, we were limited in col-
lecting more video footage from pitchers. As is clear from the data, there were some
issues associated with discriminating pitches for Pitcher A. The data generated from
this study therefore reinforce the need to ensure footage used for stimuli is sensitive
to skill group differences and reliably responded to over multiple viewings. These assess-
ments and criteria will allow conclusions about the overall validity of 2D video footage
(and video training apps) for games and assessments and whether such tests are a valid
measure of skill in baseball.

Showing that online pitch discrimination tasks discriminate across athlete skill levels
in baseball does not justify whether, or guide how, individuals should use them for prac-
tice. Fadde (2006) showed a relationship between in game statistics and use of a video-
based pitch discrimination training protocol with high level baseball players. However,
there was no evidence that “better” game statistics of the practice group were a
direct result of video training, nor that their statistics improved with regular and consist-
ent training because a posttest-only design was used (rather than follow-up retention
testing).

Based on past literature (e.g., Uchida et al., 2013; Klemish et al., 2018), there was reason
to think that dynamic visual acuity (DVA) would differentiate across skill groups and
potentially be related to prediction accuracy if the ability to track moving objects is an
important component skill of pitch prediction. We anticipated that a relationship
between DVA and pitch discrimination accuracy would speak to the construct validity
of our online measure of discrimination. Improved DVA may be a consequence of
playing baseball, because the Landolt C task requires similar visual fixations and tracking
to those required when watching a baseball (Laby et al., 2019; Uchida et al., 2013). We did
not, however, show differences between novices and skilled participants on the DVA task.
For the skilled athletes, there were only small correlations between performance on the
DVA task and the experimental pitch discrimination task (actually negative for Pitcher
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B), whereas it was the novice group that showed positive relationships. These skill-based
differences may indicate that skilled participants were able to use early kinematic cues
(e.g., grip, shoulder position) rather than tracking ball flight, to better guide their predic-
tions (assuming that ball flight tracking would be a necessary component similar to both
the DVA task and the prediction task). If the performance of novices was more dependent
on their ability to track a moving object, we would more likely expect a relationship
between performance on both tasks. However, novices did relatively poorly on the
pitch discrimination task, performing at chance, such that any relation might speak
more to an increased motivation to do both tasks well, rather than underlying shared
component skills.

Dynamic visual acuity is frequently assessed in studies of athletes involved in high-
speed interceptive sports (e.g., Burris et al., 2018; Klemish et al, 2018; Laby et al,
2019). Although it may be somewhat correlated with accuracy in a domain-specific pre-
diction task, our data suggest that it is not a determining factor in pitch discrimination
accuracy for skilled, college-level baseball athletes. This result might be seen as contrast-
ing to data from both Laby and colleagues (2019) and Burris and colleagues (2018), who
showed that DVA was positively associated with in-game statistics related to pitch dis-
crimination and what is referred to as “plate discipline” (i.e., whether to swing or not).
However, the data on DVA as a reliable discriminator of skill is rather mixed, where
skill group differences in baseball have both been shown (Uchida et al., 2013) and
not been shown (Hoshina et al., 2013). We did not compare DVA task results to in
game statistics in this study, nor was our skilled group of the elite level (i.e., professional)
as evaluated in some of the aforementioned studies. In future, there may be benefits
associated with correlating of in-game statistics (e.g., swing rate, walk rate, on base per-
centage) to both the DVA task and the pitch discrimination task to further assist in asses-
sing validity.

Within task reliability

Percentage agreement between clips for the online task, indexing inter-item reliability,
was relatively high for the skilled performers (71%), particularly for pitcher B. Mean
percent agreement on clips of pitcher A were between 50 and 70%, whereas the clips
from pitcher B were consistently above 70%. The pitches thrown by pitcher A were
faster than those of pitcher B and the lower reliability and lower overall accuracy indicates
that the speed and perhaps pitching mechanics caused difficulties for discrimination,
impacting accuracy and consistency in responses. Indeed, as shown in Table 1, pitcher
B consistently threw 4-5 mph slower than pitcher A, across all pitch types. We had a rela-
tively high level of skill in our study sample, so we were surprised that the first pitcher was
challenging for these athletes, but it may be that these types of clips will be more sensitive
to training interventions.

As with the accuracy data, it was the online task that showed higher % agreement
across clips than the in-person task (74% vs 55% respectively), with greater consistency
in responding. The agreement across all clips for both tasks was 61%, which means
that there was consistency in the pattern of responding for 22 out of 36 clips for the sub-
sample of athletes that completed both online and in-person tasks. There was a trend for
the fastballs to be responded to most reliably, which is congruent with the accuracy data.
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Theoretical and applied implications

The factor that has been shown to best discriminate across skill groups, that of sport-
specific visual-perceptual information, was included in our online baseball simulation
test (Kalén et al., 2021). Skilled, but not novice, participants were able to use this percep-
tual information to make predictions (above chance), indicating that our task could
capture expertise. Further, this indicates that our online task engaged skilled pick-up of
advance and object flight perceptual information, which has been reported to map
onto lower and upper body action responses in striking sports (e.g., Morris-Binelli &
Miller, 2017). The DVA task did not discriminate skill level, which is consistent with a
recent meta-analytic study reporting that general visual skills do not make a major con-
tribution to expertise in sports (Kalén et al.,, 2021). Indeed, when DVA has been manipu-
lated to be below normal levels, it has not impeded interception in other field-based sport
tasks (Mann et al., 2010).

The manner of responding in the online environment was qualitatively similar to that
for the in-person environment, when players were standing in a batting cage, ready to
bat, with moderate reliability across the two settings. However, because of issues with
the reliability across pitchers there is a need to further determine what stimuli best
capture between skill differences (i.e., filming and testing of additional pitchers and
running item analyses on each video clip) and their sensitivity to factors such as age,
experience and pitch interception (i.e., at bat statistics) at multiple time points. Additional
reliability and validity testing are needed before being able to substantiate claims con-
cerning the efficacy of such online software for assessment and training. Our work here
provides a first, necessary step to developing such a tool and providing cautions in the
uptake of commercially available software without knowledge of validity and reliability
testing with relevance to how the software is to be used.

Summary and conclusions

We developed an online test of pitch discrimination and DVA to evaluate the validity and
reliability of a video-based, online pitch discrimination temporal occlusion task among
skilled, high-level baseball athletes. This task was developed against the backdrop of
the COVID-19 pandemic and a growing market for such online, video-based perceptual
training apps in sports. There was evidence for discriminability of the clips when com-
pared to novice performers, as well as external validity when comparing to an in-
person version administered in the baseball setting whilst preparing to bat. There was
also evidence of within-task reliability, although as with the accuracy data, skilled perfor-
mers showed better accuracy and consistency for pitcher B (the slower pitcher), rather
than pitcher A. Skilled baseball players also showed more sensitivity to pitch type in
their predictions, better discriminating change-ups from fastballs. Given large differences
between experience and ability of our two different groups, there is a need to investigate
an intermediate skill group to add to the validity of this test to discriminate within a nar-
rower range of skill and experience. There were no skill group differences in accuracy for
the DVA task and no significant relationship between prediction accuracy and DVA for the
skilled group. As such, there was no evidence that tracking ability in general was an
underlying component of skill in pitch-type discrimination. For the novice group, DVA
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was related to performance on the pitch discrimination prediction task, which may be
indicative of the novice group’s greater reliance on the tracking of ball flight information
or perhaps reflective of concentration and desire to do well on the tasks in general.

For future research, there is a need to continue to refine our methods and stimuli based
on further testing of varying skill groups and potentially validating with performance
against a live-pitcher or with in-game statistics. This question of the validity and reliability
of perceptual-skills assessment in sports is becoming increasingly important with the
development of online video-based training apps. Before these tasks can be used to
train athletes, it is important to identify some constraints on validity and reliability of
these apps. One thing is clear, is that both these factors of validity and reliability
depend on the stimuli shown (i.e,, pitcher). It is likely that a comprehensive test of
various pitchers will be needed to strike the balance between discriminatory and reliable
stimuli, as well as getting good external validity. We hope to continue to develop this task,
based on these data concerning validity and reliability, to test youth athletes across devel-
opment. Our aim is to help identify the age that perceptual cognitive skills start to dis-
tinguish across skill groups, with the idea that this will alert to time-periods when such
skills might be best trained. Identifying methods for how to train these skills will be impor-
tant for specific skill development and adding sport-relevant variety into training, assum-
ing the tasks prove valid.
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