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INTRODUCTION:

Action Boundary Proximity Effects on Perceptual-Motor
Judgments

Caleb D. Johnson; Alice D. LaGoy; Gert-Jan Pepping; Shawn R. Eagle; Anne Z. Beethe; Joanne L. Bower; Candice A. Alfano;
Richard J. Simpson; Christopher Connaboy

Designed as a more ecological measure of reaction times, the Perception-Action Coupling Task (PACT) has shown good
reliability and within-subject stability. However, a lengthy testing period was required. Perceptual-motor judgments are

known to be affected by proximity of the stimulus to the action boundary. The current study sought to determine the
effects of action boundary proximity on PACT performance, and whether redundant levels of stimuli, eliciting similar

responses, can be eliminated to shorten the PACT.

METHODS: There were 9 men and 7 women who completed 4 testing sessions, consisting of 3 familiarization cycles and 6 testing
cycles of the PACT. For the PACT, subjects made judgments on whether a series of balls presented on a tablet afford
“posting” (can fit) through a series of apertures. There were 8 ratios of ball to aperture size (B-AR) presented, ranging
from 0.2 to 1.8, with each ratio appearing 12 times (12 trials) per cycle. Reaction times and judgment accuracy were
calculated, and averaged across all B-ARs. Ratios and individual trials within each B-AR were systematically eliminated.
Variables were re-averaged, and intraclass correlation coefficients (ICC) and coefficients of variation (CV+g) were

calculated in an iterative manner.

ResuLTs: With elimination of the 0.2 and 1.8 B-ARs, the PACT showed good reliability (ICC = 0.81-0.99) and consistent within-
subject stability (CVyg = 2.2-14.7%). Reliability (ICC = 0.81-0.97) and stability (CV;z = 2.6-15.6%) were unaffected with

elimination of up to 8 trials from each B-AR.

DIscUssION:  The shortened PACT resulted in an almost 50% reduction in total familiarization/testing time required, significantly

increasing usability.
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naction boundary can be defined as a critical point that
limits a particular action. That is, an action boundary is
the point where an individual’s capabilities are exceeded
by the movement demands and the actor must adjust their
movement strategy for the resulting action to be successful.’
Action boundaries are derived from Gibson’s theory of affor-
dances, or the possibilities for action within a given environ-
ment.!! For example, the action boundary for an individual
deciding whether they can step up on a raised surface would be
the maximum surface height for which they could successfully
push themselves up onto using their legs. If they encountered a
surface that was above this height, they would be forced to
select another movement strategy for successful action, such as
pushing themselves up on the surface with their arms.
The ability of an individual to accurately judge their action
boundaries and alter their behavior accordingly reflects their

accuracy of perceptual-motor control and has broad implica-
tions for the successful control of movement, agency, and deci-
sion making.** Inadequate attunement to these boundaries,
defined as the process of calibrating an individual to their action
boundaries, has been shown to result in altered postural control
and movement patterns, increased latency in reaction time
measures, and overall decreases in task performance®!”!8
Summarily, the level to which someone is accurately attuned to
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their action boundaries likely holds significant implications
for limiting behavioral risk, relating to their ability to recog-
nize and avoid risky movement behaviors. Military personnel,
including pilots and astronauts, must continually integrate
sources of perceptual information and make movement judg-
ments that have significant implications in terms of behavioral
risk.* Further, these judgments often must be made under
extreme environmental or operational conditions."*?* Therefore,
perceptual attunement to action boundaries would seem to
hold high applicability to these populations.

However, a lack of literature connecting performance-based
outcomes to psychological or behavioral health is a critical gap
in research on affordances and behavioral risk. Traditional per-
formance measures for alertness or reaction time fail to incor-
porate any form of perceptual-motor judgment, potentially
accounting for this gap in literature.>'>! While traditional
measures require quick responses, they fail to incorporate the
critical notions of action boundaries or spatial judgments. Their
decisional components are either nonexistent (i.e., simply mov-
ing a finger/mouse when the stimulus is presented) or limited
to binary choices (i.e., go / no-go tasks). >1>16

The Perception-Action Coupling Task (PACT) software
was designed as an ecologically valid measure of decision-
making, with the inclusion of action boundary judgments as
the reactionary stimuli.”**! Based on the task first described
by Smith and Pepping,?! the PACT is performed on a touch-
screen tablet and requires individuals to judge whether a vir-
tual ball can fit inside a virtual hole (aperture). During the
assessment, eight ratios of ball-to-aperture size are presented
ranging from 0.2 to 1.8 (Fig. 1). The action boundary is repre-
sented by a ball-to-aperture ratio (B-AR) of 1.0, where the
action of moving the ball into the hole is just afforded. At any
ratio higher than 1.0, the action would no longer be possible
(unafforded). The initial work done to establish the interses-
sion reliability and within-subject stability associated with the
PACT is described in detail elsewhere.” The PACT was shown
to be reliable and stable over repeated administrations; how-
ever, it required relatively lengthy familiarization (15 min) and
data collection (5-10 min) periods which may limit usability
and induce testing fatigue.”

Previous literature has demonstrated more consistency in
performance of action boundary accuracy assessments when
an individual is asked to make judgments with respect to
stimuli that are far from a given action boundary. However, as
the stimuli approach the action boundary, increased variabil-
ity and decrements in performance are observed.'®*"** Subse-
quently, the B-ARs that are furthest from the action boundary
on the PACT (ie., 0.2, 0.4, 1.6, and 1.8) likely have the lowest
ability to discern between individuals who perform better
(quicker and more accurate) and worse on the task. Further,
they may elicit redundant responses with the ratio closest to
them (i.e., 0.2 with 0.4), given that they present the easiest
perceptual judgments. In other words, on average, partici-
pants may perform similarly in response to B-ARs of 0.4 and
0.2, even though 0.4 is technically slightly closer to the action
boundary.

EFFECTS OF ACTION BOUNDARY—Johnson et al.

Given the lengthy time required for familiarization and
testing with the PACT, the aim of the current study was to
explore ways to reduce the necessary testing time of the PACT
thereby increasing its usability. In this effort, two experiments
were conducted. Based on the relationship between response
times and accuracy and the action boundary described above,
the purpose of Experiment 1 was to determine the effects of
eliminating B-ARs on the intersession reliability and within-
subject stability of the PACT. Data from a previous longitu-
dinal study was recalculated for analysis after iteratively
eliminating several B-ARs. We hypothesized that several
ratios furthest from the action boundary could be eliminated
without affecting the representative behaviors on the PACT
described by previous work.” Further, we hypothesized that
eliminating these ratios would not change the inherent con-
tinuum of reaction times and accuracy of judgments about the
action boundary.

EXPERIMENT 1
METHODS

Subjects

The complete methods and experimental design for the current
study are described in detail elsewhere.” Briefly, 16 subjects (9
men, 7 women; age = 27.8 = 3.6 yr) were recruited with the
inclusion criteria of: ages 18-40, having corrected 20/20 vision,
free from any visual impairments, and not taking medications
that would impair cognitive processes, alertness or vision. Sub-
jects completed 4 testing sessions, separated by at least 6 d
(Mean = 9.67 * 3.4 d). The study protocol was approved in
advance by the University of Pittsburgh Institutional Review
Board. Each subject provided written informed consent before
participating.

Equipment and Procedures

The PACT was performed on a touchscreen tablet (iPad 3™
Gen.; Apple, Cupertino, CA). Each testing session was identical
and consisted of the completion of 9 cycles of the PACT, in a
quiet environment with minimal distractions. To perform the
PACT (Fig. 1), subjects begin with their index or middle finger
on the start button. At a randomized interval (0.01-0.70 s), a
virtual ball and aperture appear on the screen. On presentation
of the ball-aperture pairing, subjects make their judgment on
whether the ball affords posting (can fit) through the aperture,
move their finger to the joystick, and either swipe forward if
they judge that the ball can fit through the aperture, or back-
ward if they judge it cannot. Subjects are not given any feedback
as to the accuracy of their judgments. Across each cycle of the
PACT, each B-AR is presented 16 times, in a randomized order.
Each cycle lasts approximately 5 min, depending on the speed
of responses.

Several variables are calculated from responses on the
PACT. Accuracy of judgments (ACC) is calculated as the per-
centage of total trials where an accurate judgment was made,
with an accurate judgment defined as one where either the
ball afforded posting and the subject moved the joystick
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EFFECTS OF ACTION BOUNDARY—lJohnson et al.

Fig. 1. Depiction of PACT interface and example ball-to-aperture ratios. Ball = gray circle at bottom of screen; aper-
ture = white circle at top of screen; start button = circle with fingerprint on bottom right; joystick = circle to left of
start button. Grayscale is used for the print version; the normal PACT interface is colored with a yellow ball, white

aperture, green start button, and blue joystick.

forward, or the ball did not afford posting and the subject
moved the joystick backward. Reaction time (RT) was deter-
mined by the time between presentation of the B-AR and the
subject making a movement from the start button. Movement
time (MT) was determined by the time between the subject
making a movement from the start button and initiating a
movement with the joystick. Initiation time (IT) was deter-
mined by the time between initiation and completion of a
movement with the joystick. Finally, response time (RST) was
determined by the sum of the previous three variables: RT,
MT and IT.

As mentioned previously (Sec. 1.0), the study by Connaboy
et al.” found that three cycles were required for familiarization
at the beginning of each session, and one to two further cycles
of testing were necessary to obtain a stable, reliable measure
across all variables. Therefore, the first three cycles of testing
were eliminated, and all variables were calculated over the 4
cycle (1 cycle of testing, 128 trials) and the 4™ and 5% cycles
combined (2 cycles of testing, 256 trials). Finally, variables were
initially calculated independently for each B-AR, as opposed to
summed across all ratios.

Statistical Analysis

All statistical analyses were performed with IBM SPSS Statistics
23.0 (IBM, Armonk, NY). Descriptive statistics were first calcu-
lated for all variables and the means for all variables were plot-
ted by B-AR to examine the response of each to different ratios.
Ball-to-aperture ratios were eliminated based on visual inspec-
tion of plots, and variables were recalculated, summed across all
remaining ratios, for analysis. Intraclass correlation coefficients
[ICC (3,1)] were calculated for all variables for one and two
cycles of testing to determine the intersession reliability. Coef-
ficients of variation were calculated using the typical error of

the measure (CV ), as described
by Hopkins."*!* Log transfor-
mations were applied to MT
before calculating CVqg, as
the variable showed significant
departures from normality."?
Level for statistical significance
was set a priori at: a = 0.05.

RESULTS

Visual inspection of plots for
the effect of B-AR on PACT
variables (Fig. 2) showed a typi-
cal, quadratic pattern with RT,
MT, IT, and RST increasing as
B-AR approached 1.0, and ACC
decreasing. It also appeared that
successive B-ARs furthest from
1.0 (0.2-0.4 and 1.6-1.8) elicited
fairly similar mean responses
for most variables (mean differ-
ence = 1.3 £ 1.2%). Subsequent sets of successive ratios, start-
ing with 0.4-0.6 and 1.4-1.6 (mean difference = 2.1 = 2.4%),
started to show larger differences. Therefore, only the furthest
ratios of 0.2 and 1.8 were eliminated. Moving up one B-AR
closer to 1.0 (0.4-0.6 and 1.4-1.6), it did not appear that these
successive ratios elicited similar mean responses for most vari-
ables, with timing variables beginning to increase slightly and
ACC beginning to decrease.

All results for ICCs and CV are presented in Table I.
Opverall, all variables showed good to excellent intersession reli-
ability with both 2 (ICC = 0.808-0.985) and 1 (ICC = 0.709-
0.937) cycles of testing. Further, all ICCs were statistically
significant (P < 0.05). For within-subject stability, mean CV 1y
ranged from 2.18-14.67% with 2 cycles of testing, and from
3.39-19.26% for 1 cycle of testing.

EXPERIMENT 2

Each cycle of the PACT consists of 16 presentations of each
B-AR (Sec. 2.1), in a block-randomized order, for a total of
128 trials. This large number of trials was selected for the ini-
tial version of the PACT to ensure that enough trials were
completed to capture perceptual-motor decision making dur-
ing preliminary work. Establishing the minimum number of
trials necessary to capture the intended behavioral response
from subjects is imperative, given that performing more trials
than necessary can alter observed response behaviors due to
boredom and mental fatigue. Therefore, the purpose of
Experiment 2 was to test the effects of eliminating trials on
the intersession reliability and within-subject stability of the
PACT. Not only would this serve to limit the required testing
further, but also to establish the threshold number of trials
necessary to obtain adequate reliability and stability across all
variables.
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Fig. 2. Means for all PACT variables by ball-to-aperture ratio.

A secondary purpose was to establish these same parame-
ters, for all variables, within each individual B-AR. As discussed
previously (Sec. 1.0), accuracy and reaction times of affordance
judgments are known to be affected by the proximity of the
stimulus to the relevant action boundary.'®*"** Further, the
results of Experiment 1 confirmed this effect for the PACT, with
B-ARs approaching 1.0 eliciting slower, less accurate responses.
Subsequently, researchers utilizing the PACT in future studies
may be interested in how individuals perform on the PACT in
response to specific B-ARs. It may be that environmental, phys-
iological or cognitive stressors will start to elicit changes in
performance closer to the action boundary before overall per-
formance begins to deteriorate or will only elicit changes closer
to the action boundary. Therefore, we sought to also provide
information on the threshold number of trials necessary to
obtain adequate reliability and stability for PACT variables for
each individual B-AR.

EFFECTS OF ACTION BOUNDARY—Johnson et al.
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METHODS

Subjects and Procedures
Data collected from the same longitudinal study was utilized for
Experiment 2. All PACT variables (RT, MT, I'T, RST, ACC) were
calculated as described above, averaged across the 4™ and 5t
cycles of each session, and with the 0.2 and 1.8 B-ARs removed.
Data reduction was iterative, beginning with 32 trials (2
cycles of 16 trials each) of each B-AR, from which 4 trials of
each B-AR were eliminated and PACT variables were re-aver-
aged across all remaining trials (i.e., 32, 28, 24, ..., 4 trials). In
total, 24 trials were eliminated at each step. This process was
utilized in recalculating all variables averaged across all B-AR,
as well as within each B-AR. During the PACT, each B-AR is
presented in a block-randomized order, meaning each ratio is
presented once before any are presented twice. This allowed for
the elimination of an equal number of trials for each B-AR,
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EFFECTS OF ACTION BOUNDARY—Johnson et al.

Table l. Intraclass Correlation Coefficients and Coefficients of Variation for 2
and 1 Cycles of Testing and With 0.2 and 1.8 Ball-to-Aperture Ratios Removed.

Table Il. Intraclass Correlation Coefficients and Coefficients of Variation:
Demonstrating the Effects of Incrementally Removing Four Trials of Each Ratio.

ICC* 95% Cl MEAN CV¢ (%) 95% Cl ICC* 95% Cl MEAN CV¢ (%) 95% Cl
Reaction Time Reaction Time
2 Cycles 0.828  0.629-0.933 12.83 1042-16.76 32 Trials 0.828 0.629-0.933 12.83 1042-16.76
1 Cycle 0824  0.623-0932 11.93 9.69 -15.59 28 Trials 0.841  0.658-0.938 11.08 9.00-14.47
Movement Time 24 Trials 0822 0.620-0.931 10.89 8.85-14.23
2 Cycles 0985  0.968-0.99%4 14.67 11.76-19.59 20 Trials 0817 0.608-0.929 11.98 9.73-15.65
1 Cycle 0940 0.873-0977 19.26 15.38-25.87 16 Trials 0.824 0.623-0.932 11.93 9.69-15.59
Initiation Time 12 Trials 0832 0.640-0.935 11.55 9.38-15.09
2 Cycles 0934  0.844-0975 10.71 8.70-14.00 8 Trials 0.828 0.629-0.933 12.02 9.77-15.71
1 Cycle 0899  0.768-0.962 12.05 9.79-15.74 4 Trials 0.846  0.669-0.940 11.55 9.38-15.08
Response Time Movement Time
2 Cycles 0918  0.825-0.968 6.61 537-863 32 Trials 0985  0.968-0.994 14.67 11.76-19.59
1 Cycle 0870  0.722-0.949 8.03 6.52-10.49 28 Trials 0972 0941-0.989 1545 12.38-20.65
Accuracy 24 Trials 0974 0.945-0.990 1561 12.50-20.86
2 Cycles 0.808  0.595-0924 218 1.77-2.84 20 Trials 0973  0.943-0.990 1540 12.34-20.57
1 Cycle 0.709  0.394-0.885 3.39 2.75-443 16 Trials 0940 0873-0977 19.26 15.38-25.87
*|CC = intraclass correlation coefficient; 95% CI = 95% confidence interval; CVy = 12Trials 0919 0.828-0.969 2346 1867-31.70
Coefficient of variation using typical error 8 Trials 0897  0.781-0.960 2788 2211-37.88
4 Trials 0.868 0.719-0.948 33.74 26.64-46.20
Initiation Time
32 Trials 0934 0.844-0.975 10.71 8.70-14.00
while still maintaining the sequential order in which trials were 28 Trials 0932  0839-0975 1129 917-14.75
presented. In simpler terms, when the first 4 trials were elimi- 24Trials 0933  0.840-0.975 10.96 891-1432
nated for each B-AR, the remaining 28 trials were trials 1-28, in 20Trials 0935 0841-0.976 1008 8.19-13.17
chronological order. 16 Tr?als 0.899 0.768-0.962 12.05 9.79-15.74
12 Trials 0874 0.718-0951 14.29 11.61-1867
8Trials 0.853 0.673-0.943 16.06 13.05-20.98
Statistical Analysis 4 Trials 0.841 0.651-0.938 1691 13.74-22.09
Descriptive statistics were first calculated for all variables. Intra- ~ Response Time
class correlation coefficients [ICC (3,1)] were calculated for all 321Trials 0918 0825-0.968 66 >3/-863
. . . .. . . . 28 Trials 0918 0.819-0.968 6.63 5.38-8.66
variables for each iteration of eliminating trials to determine 24 Trials 0020  0.824-0.969 657 534.858
the intersession reliability. Coefficients of variation were calcu- 20 Trials 0918  0818-0968 796 500-949
lated using the typical error of the measure, and a log transfor- 16Trials 0870  0.722-0.949 803 6.52-1049
mation was applied to all MT coefficients.'* Finally, means for 12Trials 0833 0647-0934 9.08 7.38-11.87
. 8 Trials 0815 0610-0.927 931 756-12.17
all variables were plotted by B-AR, based on the results of these .
. . 4 Trials 0.737  0454-0.896 10.85 881-14.18
analyses, to re-examine the continuum of responses about the Accuracy
action boundary. 32 Trials 0808 0595-0.924 218 177-284
28 Trials 0.849 0.682-0.941 212 1.73-2.77
24 Trials 0811  0.595-0926 257 2.09-3.36
20 Trials 0.752  0462-0.904 290 235-3.78
RESULTS 16 Trials 0.709  0.394-0.885 3.39 2.75-443
12 Trials 0685 0.344-0.875 371 3.02-4.85
Results of ICCs and CV 1 with variables averaged across ratios 8Trials 0398 -0.198-0.755 3.82 3.10-4.99
4 Trials 0336 -0.252-0.721 6.33 5.14-827

are reported in Table II. For RT, MT, IT, and RST, ICCs showed
good to excellent reliability until the number of remaining trials
for each B-AR reached 20 (ICC = 0.817-0.973). For ACC,
ICCs showed good reliability until the number of remaining
trials reached 24 (ICC = 0.811). In regards to within-subject
stability, CVy remained relatively stable for RT through all tri-
als (Mean CV 1 = 10.89-12.83%) and for ACC through 4 trials
(mean CVyp = 2.12-3.82%). Initiation time (mean CVyp =
10.08-12.05%) and RST (mean CVy; = 6.57-8.03%) both
remained relatively stable through 16 trials. Finally, MT showed
the highest CV 1y and remained stable through 20 trials (mean
CVyp = 14.67-15.61%).

Results of ICCs and CV -y with variables averaged for each
individual B-AR are presented in Tables IIT and IV. To limit the
size of tables, results are only reported for averages of 20 trials
or greater, given the results for variables averaged across ratios.

*|CC = intraclass correlation coefficient; 95% CI = 95% confidence interval; CVy =
coefficient of variation using typical error.

Across all variables except ACC, all B-ARs showed similar
results for intersession reliability with 24 trials of testing, com-
pared to averaging variables across ratios, with ICCs = 0.776.
For ACC, it appears that reliability is reduced when looking at
individual B-ARs, with only ratios of 1.4 (ICC = 0.726-0.797)
and 1.6 (ICC = 0.668-0.720) showing similar results compared
to averaging ACC across ratios. Coefficients of variation were
similar for all B-ARs for IT, RST, and ACC compared to aver-
aging variables across ratios. However, CVy for RT and MT
showed marked increases for most ratios. Finally, plots depict-
ing means for all variables by B-AR, after removal of ratios and
trials (24 trials remaining), are shown in Fig. 3.
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Table lll. Intraclass Correlation Coefficients Within Each Ball-to-Aperture
Ratio.*

0.4 0.6 0.8 1.2 1.4 1.6

Reaction Time

32 Trials 0872 0824 0793 0693 0815 0.830
28 Trials 0.879 0827 0807 0.713 0.833 0.837
24 Trials 0.861 0807  0.776 0.685 0814 0.831
20 Trials 0.831 0779 0671 0.588 0.752 0813
Movement Time
32 Trials 0971 0968 0965 0973 0.971 0963
28 Trials 0.969 0965 0961 0.970 0.067 0.961
24 Trials 0.970 0962 0956 0.972 0.969 0.964
20 Trials 0.965 0946 0954 0.968 0970 0.953
Initiation Time
32 Trials 0916 0928 0902 0.920 0938 0.945
28 Trials 0917 0920 0895 0918 0938 0.941
24 Trials 0916 0921 0.888 0922 0933 0943
20 Trials 0.904 0904 0879 0935 0932 0.948
Response Time
32 Trials 0.930 0905 0856 0.880 0910 0912
28 Trials 0.930 0.901 0.861 0.859 0.894 0914
24 Trials 0931 0892 0833 0.850 0.896 0.921
20 Trials 0910 0855 0844 0.850 0.865 0.889
Accuracy
32 Trials 0.590 0621 0.657 0.547 0811 0.666
28 Trials 0.565 0638 0681 0615 0.822 0.711
24 Trials 0423 0607 0696 0.578 0.797 0.668
20 Trials 0435 0494 0544 0.357 0.726 0.720

* All data are results of intraclass correlation coefficients [ICC (3,1)].

DISCUSSION

The PACT is a novel and ecologically valid assessment of per-
ceptual-motor accuracy and reaction times.”*?! The purpose of
the current study was to explore several methods to reduce
PACT testing time while maintaining the intersession reliabil-
ity and within-subject stability previously established for this
assessment. In this effort, two experiments were undertaken.
For Experiment 1, the relationship of reaction times and judg-
ment accuracy on the PACT with B-ARs was first assessed, and
based on these relationships, the ratios of 0.2 and 1.8 were elim-
inated. Variables were recalculated, and the effect of removing
these two ratios was assessed. For Experiment 2, this same pro-
cess was repeated after eliminating blocks of trials and reliabil-
ity and within-subject stability coeflicients were also calculated
for individual B-ARs.

The results of Experiment 1 demonstrated that the ratios
furthest from the action boundary could be eliminated from
PACT testing without producing a large effect on either inter-
session reliability or within-subject stability. In the previous
study by Connaboy et al.,” ICCs for one cycle of testing and with
all B-ARs included ranged from 0.707-0.943. In comparison,
IT showed the largest negative effect on reliability with the
elimination of ratios, decreasing from 0.906 to 0.899. Likewise,
ICC:s for two cycles of testing and with all B-ARs were reported
to range from 0.820-0.992. Again, IT showed the largest nega-
tive effect, decreasing from 0.992 to 0.934. More importantly, all
variables retained good to excellent reliability with two cycles of
testing, according to a range of commonly cited criteria for the

EFFECTS OF ACTION BOUNDARY—Johnson et al.

Table IV. Mean Coefficients of Variation Within Each Ball-to-Aperture Ratio.
0.4(%) 0.6(%) 0.8(%) 1.2(%) 1.4(%) 1.6 (%)

Reaction Time

32 Trials 12.74 14.36 13.98 14.20 13.29 12.67
28 Trials 12.74 13.80 14.22 14.52 13.56 13.64
24 Trials 12.76 1440 15.60 15.53 13.84 13.98
20 Trials 15.98 15.49 17.39 1742 14.20 14.27
Movement Time
32 Trials 18.67 16.35 20.55 20.29 18.16 2362
28 Trials 19.48 16.36 21.95 20.30 19.05 23.78
24 Trials 2253 18.82 22.20 19.95 21.08 24.18
20 Trials 2530 21.28 22.36 20.50 21.05 28.54
Initiation Time
32 Trials 11.93 11.50 13.05 12.64 11.02 1046
28 Trials 12.08 12.31 13.62 12.52 10.86 10.87
24 Trials 12.05 11.93 14.32 11.86 11.62 10.02
20 Trials 11.94 12.69 1447 10.92 11.35 9.59
Response Time
32 Trials 6.81 7.19 7.76 757 7.26 841
28 Trials 6.96 721 7.73 8.09 821 873
24 Trials 740 7.84 8.11 845 832 9.08
20 Trials 895 9.21 8.66 8.56 852 11.25
Accuracy
32 Trials 294 3.0 546 437 3.60 336
28 Trials 322 340 5.36 451 345 3.80
24 Trials 3.80 446 5.74 5.54 387 448
20 Trials 3.10 5.19 6.84 643 461 5.26

All data are results of mean coefficients of variation calculated using the typical error of
the mean.

interpretation of reliability coefficients.>!>!? Further, most vari-
ables showed good reliability with only one cycle of testing,
however ACC may require 2 (ICC = 0.709 with 1 cycle) depend-
ing on the criteria used.>'»"?

Coefficients of variation with all B-ARs were previously
reported to range from 2.05-16.03% with two cycles of testing.”
Initiation time showed the largest increase in the CVp with
elimination of ratios, moving from 4.07 to 10.71%. For one
cycle of testing, previously reported CVr ranged from 3.28-
19.28%, with IT also showing the largest increase with elimina-
tion of ratios, moving from 11.88 to 12.05%. With only IT
showing a marked increase in CV 1, and only for two cycles of
testing, it appears that within-subject stability remained stable
with the removal of ratios. In fact, for several variables (MT and
RT) the CV; were decreased and the ICCs increased, com-
pared to those previously reported, indicating improved stabil-
ity and reliability.”

Based on the results of Experiment 1, Experiment 2 moved
forward with only B-ARs of 0.4-1.6, while retaining two cycles
of testing. The primary results of Experiment 2 demonstrated
that 8-12 trials of each B-AR could be eliminated from PACT
testing while still maintaining the intersession reliability and
within-subject stability of all variables. All variables maintained
good to excellent intersession reliability with the elimination of
12 trials (ICCs = 0.817-0.973) except for ACC (ICC = 0.752).
However, ACC maintained good reliability through the elimi-
nation of eight trials (ICC = 0.811). Within-subject stability
results mirrored those for reliability, with CV .y remaining rela-
tively unchanged through the elimination of 12 trials for all
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Fig. 3. Means for all PACT variables by ball-to-aperture ratio after removal of 2 ratios and 12 trials from each remaining ratio.

variables (CVpy = 2.90-15.40%). With the elimination of fur-
ther trials, CV 1 showed a large increase for several variables,
including MT (15.40-19.26%) and IT (10.08-12.05%).

Finally, PACT variables still show similar or superior inter-
session reliability and stability, after the elimination of 2 B-ARs
and 12 trials for each ratio, compared to other cognitive mea-
sures of a similar nature (choice/procedural reaction time mea-
sures). Previous literature has reported ICCs ranging from
0.26-0.69 for different cognitive performance measures.>** In
contrast, the PACT variable with the lowest reliability coefhi-
cient still showed an ICC of 0.752. Comparisons for within-
subject stability are more difficult, as the majority of previous
studies do not report coefficients of variation. However, two
studies that have included the standard difference of the error
for choice/procedural reaction time tasks, a similar measure

of within-subject stability, reported values of 12.77% and
19.38%.5% In comparison, CV g, for all PACT variables (2.90-
15.40%) were within this range or lower.

A secondary purpose of Experiment 2 was to examine
ICCs and CV ; for PACT variables, averaged for each indepen-
dent B-AR. This information may be useful for investigators
interested in the effects of a given perturbation or intervention
on responses to specific B-ARs, or on the continuum of
responses about the action boundary.'®*"*> Overall, the results
of these tests showed that reliability was decreased for ACC,
and within-subject variability was increased for RT and MT,
compared to averaging variables across all B-ARs. While this
may be of concern, it is worth noting that ICCs and CV ' were
comparable to similar cognitive measures.***° The addition of
further trials (up to 32) resulted in improvements for several
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variables, within several B-ARs, however most remained
unchanged. Finally, plots for all variables by B-AR with 24 trials
for each ratio (Fig. 3) showed similar patterns as those before
trials were removed (Fig. 2). Initiation time appeared to have a
slightly flatter curve, however this variable also showed the flat-
test pattern about the action boundary before the elimination of
trials.

In conclusion, the combined results of Experiment 1 and 2
demonstrate that all PACT variables are reliable and stable
when B-ARs are limited to 0.4-1.6, and only 24 trials of each
B-AR are retained. This represents an almost 45% reduction in
total testing time, from 256 trials to 144. Further, over the
3-cycle familiarization period, this would result in a 50% reduc-
tion in testing time, from 384 trials to 192. In more practical
terms, this means that the shortened PACT would require a
familiarization period of approximately 7.5 min, and a testing
period of 5.5 min; down from 15 and 10 min, respectively.
These changes, therefore, would hold great significance in
reducing the time-burden of the PACT. When working with
pilots, astronauts, or other military personnel, subjects or
patients are often under stringent time constraints. Therefore,
these reductions in testing burden are highly significant for
researchers or clinicians using the PACT to evaluate behavioral
risk in these populations.

A limitation of the current study is the extrapolation of pre-
viously collected data to these conclusions. While the time
sequence for performance of trials was maintained when elimi-
nating ratios and trials, the cycles eliminated for familiarization
were performed with all trials and ratios. Therefore, we cannot
say whether these results would hold if all cycles were per-
formed with the limited ratios and trials outlined above. How-
ever, the purpose of this study was to investigate these changes
to PACT testing and outline the best course for its future devel-
opment. In this sense, we believe that these results still hold
great significance in providing evidence for the efficacy of a
shortened PACT, even if future work is needed to confirm our
findings.
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