G4H-2014-0094-ver9-Rolle_2P.3d

01/16/15

10:28pm

Page 1

GAMES FOR HEALTH JOURNAL: Research, Development, and Clinical Applications
Volume 4, Number 3, 2015
ª Mary Ann Liebert, Inc.
DOI: 10.1089/g4h.2014.0094

Original Article

Exploring the Potential of the iPad and Xbox Kinect
for Cognitive Science Research
Camarin E. Rolle, BA, BS, Bradley Voytek, PhD, and Adam Gazzaley, MD, PhD

Abstract

Many studies have validated consumer-facing hardware platforms as efficient, cost-effective, and accessible
data collection instruments. However, there are few reports that have assessed the reliability of these platforms
as assessment tools compared with traditional data collection platforms. Here we evaluated performance on a
spatial attention paradigm obtained by our standard in-lab data collection platform, the personal computer (PC),
and compared performance with that of two widely adopted, consumer technology devices: the Apple (Cupertino, CA) iPad 2 and Microsoft (Redmond, WA) Xbox Kinect. The task assessed spatial attention, a
fundamental ability that we use to navigate the complex sensory input we face daily in order to effectively
engage in goal-directed activities. Participants were presented with a central spatial cue indicating where on the
screen a stimulus would appear. We manipulated spatial cueing such that, on a given trial, the cue presented one
of four levels of information indicating the upcoming target location. Based on previous research, we hypothesized that as information of the cued spatial area decreased (i.e., larger area of possible target location)
there would be a parametric decrease in performance, as revealed by slower response times and lower accuracies. Identical paradigm parameters were used for each of the three platforms, and testing was performed in a
single session with a counterbalanced design. We found that performance on the Kinect and iPad showed a
stronger parametric effect across the cued-information levels than that on the PC. Our results suggest that not
only can the Kinect and iPad be reliably used as assessment tools to yield research-quality behavioral data, but
that these platforms exploit mechanics that could be useful in building more interactive, and therefore effective,
cognitive assessment and training designs. We include a discussion on the possible contributing factors to the
differential effects between platforms, as well as potential confounds of the study.
performance through Kinect (Microsoft, Redmond, WA)
‘‘exergames.’’ One study found that therapeutic games built
on the Kinect platform, a gaming console with motiondetection interactivity, improved cognitive abilities beyond
those attained by parallel training games using with sedentary
platforms.7 A more recent study demonstrated enhanced
executive functioning in older adults following cognitive
training on the Kinect platform.8 Similarly, studies requiring
at-home training or assessment would benefit from the
availability of cognitive assessment paradigms on mobile
tablets for ease in mobility and cost. We asked the question
whether there was a difference between the data collected on
different types of platforms used to assess participant performance on a cognitive task.

Introduction

R

ecent physiological and physical health studies
have compared consumer-facing devices to platforms
that are more frequently used for research data collection
(i.e., the personal computer [PC]), to assess the feasibility of
using such devices as data collection tools.1–3 However, the
use of these new accessible technologies, such as mobile
devices and gaming platforms, as cognitive performance data
collection platforms to complement or replace more expensive/less mobile hardware is untested. Recently, neuroscientists have designed videogames to assess and train specific
cognitive functions with the goal of developing rehabilitation
programs for cognitive deficits in diverse populations.4,5 This
type of intervention often benefits from the use of mobile
devices and gaming platforms to maximize task engagement
(i.e., game interactivity) and accessibility (i.e., platform
mobility) of the training environment. In a recent review,
Boulos6 highlighted the potential for improving cognitive

Materials and Methods

In the current study, we used a new cognitive paradigm
that we developed as a modified Posner task to measure
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FIG. 1.

Task paradigm. Color images available at www.liebertonline.com/g4h

spatial attention (Fig. 1) (see Supplementary Data available
online at www.liebertonline.com/g4h).9,10 The results from
the seminal work by Posner9 demonstrated that spatial cueing enhances performance on a detection task by reducing
the area a participant has to distribute his or her attention.
Each trial begins with a valid central cue that appears on the
screen prior to the appearance of a go/no-go target. The cue
presents four levels of information indicating the spatial area
of target location: 0 percent, 50 percent, 75 percent, and 100
percent. On a given trial, the target that would appear (following the cue) in the cued space on the screen was either a
go or no-go target. If it was a go target, participants were
instructed to respond, and if a no-go target, participants were
instructed to ignore. We hypothesized that performance on
this task would parametrically increase with greater target
location predictability provided by the prestimulus cues.
This task was initially developed in our lab for use on a
personal computer (PC) platform with a 22-inch cathode ray
tube monitor and keyboard for traditional, in-laboratory,
cognitive performance data collection. We then adapted this
paradigm for data collection on both an Xbox (Microsoft)
with a Kinect motion capture device displayed on a 46-inch
monitor and a 12-inch Apple (Cupertino, CA) iPad 2. The
goal was to assess the utility of these consumer platforms,
which offer benefits in terms of mobility, engagement, expense, and ease of data collection, compared with our PC
data collection platform. We collected data from nine healthy participants (21–33 years old; four females). Participants
performed the task twice on all three platforms during a
single visit, for a total of 200 trials per platform, and the
platform order was counterbalanced across participants.
Data were analyzed using repeated-measures analysis of
variance with cue information (0 percent, 50 percent, 75
percent, and 100 percent) and platform (Xbox Kinect, Apple
iPad, PC) as within-subjects factors. Pairwise comparisons
were planned to examine effects of cue information and

platform. Only trials in which participants accurately hit the
target following their release from the home position were
included in the response time (RT) analyses.
Results

The results for RT (Fig. 2a) showed main effects of platform [F(2, 16) = 43.06, P < 0.001, gp2 = 0.84] and information [F(3,24) = 49.87, P < 0.001, gp2 = 0.86], as well as an
information · platform interaction [F(6,48) = 7.509, P < 0.001,
gp2 = 0.48]. Pairwise comparisons of the main effects revealed
that the Kinect RTs were significantly larger (i.e., slower)
compared with both the PC and iPad and that RT increased as
the amount of predictive information cued decreased.
Analyses of variance were also run to examine the effect
of cue information for each platform independently. The PC,
iPad, and Kinect all showed significant main effects of cue
information [PC, F(3, 24) = 5.69, P < 0.01, gp2 = 0.41; iPad,
F(3, 24) = 16.46, P < 0.001, gp2 = 0.67; Kinect, F(3,
24) = 79.37, P < 0.001, gp2 = 0.91]. Paired t tests were used to
examine these main effects. On the iPad, RT differences
between all information levels were significant (P < 0.05).
On the Kinect, RT differed significantly between all information levels, except for the 0 percent and 50 percent information levels, where there was a strong trend [t(8) = 2.03,
P = 0.076]. For the PC, performance on the 0 percent condition was faster than the 50 percent, 75 percent, and 100
percent information levels (P < 0.05), but no other comparisons were significant.
Given that RT was significantly faster on the 0 percent
condition than the 100 percent condition for all platforms, we
were interested in how that RT difference compared between
platforms. We ran paired t tests between platforms using an
RT cost (0 percent RT – 100 percent RT) to explore this
relationship, and found that this cost was significantly larger
for the Kinect than for the PC and iPad (t > 2.50, P < 0.05).
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FIG. 2. Performance across platforms: (a) response time and (b) accuracy across information levels for each platform
tested. (a) Response times on the Kinect and iPad showed significant between-level differences. (b) Accuracy on the Kinect
platform showed between-level differences, whereas neither the iPad nor personal computer (PC) did. Data are
mean – standard error of the mean (error bars) values. *P < 0.05. Color images available at www.liebertonline.com/g4h

These results suggest that both the iPad and Kinect showed
the greatest sensitivity to cued-information-evoked RT differences compared with the PC.
Performing the same analysis for accuracy (Fig. 2b), we
found main effects for information [F(3, 24) = 32.41,
P < 0.001, gp2 = 0.80] and platform [F(2, 16) = 4.00, P < 0.04,
gp2 = 0.33], as well as an interaction between information and
platform [F(6, 48) = 16.58, P < 0.001, gp2 = 0.68]. The main
effects indicated that overall accuracy was not comparable
across all platforms or across all information levels. Analyses of variance were run to further explore the effect of
cue information within each platform. The Kinect showed a
main effect of cue information [F(3, 24) = 5.69, P < 0.01,
gp2 = 0.41], whereas the PC and iPad did not [PC, F(3,
24) = 1.44, P = 0.26, gp2 = 0.15; iPad, F(3, 24) = 0.60, P =
0.62, gp2 = 0.07]. Using paired t tests to further explore these
main effects, we assessed within-platform comparisons of
information levels. Looking at both adjacent and nonadjacent information-level comparisons, accuracy significantly
differed among all information levels for the Kinect, except
for a near significant trend for the 100 percent versus 75
percent comparison (P = 0.058). The iPad and PC showed no
significant between-level accuracy differences (P > 0.05). As
far as accuracy, the Kinect was most sensitive to detecting
between-information level differences.
Discussion

The results from our study show that the iPad and Kinect
are both effective platforms for cognitive performance data
collection. It is interesting that although all three platforms
showed sensitivity to the cue information conditions for RT
assessments, both the iPad and Kinect were more sensitive to
detecting the hypothesized differences in cued attention than
the traditional PC platform. Important differences in capability for task engagement and platform flexibility may explain the greater sensitivity of the iPad, the Kinect, or both.
Both the iPad and Kinect allowed participants to interact
directly with the target (i.e., by hitting it), as opposed to the
PC, which only allowed participants to report the target’s
appearance with a button push. The task interactivity that the
Kinect and iPad elicited may have enhanced task engage-

ment and consequently increased attention to task elements
(i.e., spatial cue) via heightened motivation to maximize task
performance.11 Moreover, the Kinect, which demanded the
most physical interaction in task play, also revealed the
greatest sensitivity to performance (both RT and accuracy) as
a function of cued information.
Another potential variable contributing to differences in
performance curves seen across the platforms could be that
the method of RT measurement for the PC (button push) is
not as sensitive to the cue-information levels as it is for the
iPad and Kinect (button/position release). It is also possible
that participants were at ceiling across the easier, more
predictive cued-information conditions for RTs on the PC
and that this diluted the curve such that we could not identify
between-level differences. Another consideration should be
the difference in screen size between platforms and its potential contribution to the observed differences in results.
Given that this study was conducted with healthy adults, it
should be noted that it is unknown if clinical populations
with either cognitive or physical disabilities might encounter
usability issues with the Kinect and iPad (e.g., difficulty
standing and moving to target). Future research will explore
this important question. In any case, these results encourage
the pursuit of innovative platforms for data collection that
allow for more interactive task engagement, and may consequently offer the most sensitive means to address hypothesized behavioral patterns.
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Supplementary Data
Participants

All participants were from the San Francisco Bay Area
and recruited through online and newspaper advertisement.
All participants had normal or corrected-to-normal vision
and did not have a history of stroke, traumatic brain injury, or
psychiatric illness. Participants did not take psychotropic
medication, and all participants reported playing less than
2 hours of videogames a month. All participants were paid
for their participation and gave written informed consent
prior to participation. The study was approved by the Committee on Human Research at the University of California,
San Francisco.
Task details

Each trial begins with a valid central cue that appears on
the screen prior to the appearance of a go/no-go target. The
cue presents four levels of information indicating the spatial area of target location on an imaginary 360 annulus: 0
percent, 50 percent, 75 percent, and 100 percent. In the 0
percent condition, there is no information embedded in the
cue, and thus the target could appear anywhere on the 360
annulus. In the 50 percent cued-information level, half of the
cue is colored, thus directing attention to half of the screen
(180 arc) as a potential target location. The 75 percent information cue narrows the target location to 25 percent of the
screen (90 arc). Similarly, the 100 percent information cue
gives exact information about the specific location of the
target. The predictive cue was on the screen for 100 milliseconds, and the target was on the screen for 50 milliseconds.
The stimulus onset asynchrony on all platforms was
1750 – 250 milliseconds. The four cue information levels
were randomized at 25 percent appearance rates.
On a given trial, the target that would appear in the cued
space on the screen was either a go or no-go target. If it was a
go target, participants were instructed to respond, and if a nogo target, participants were instructed to ignore. A fixation
cross on the center of the screen served as a gaze-fixation
point during the trial prior to target appearance and was also
used to provide immediate posttrial feedback to the participant. The fixation cross flashes green if the subject correctly responded to the go target within a 2-second window
or correctly ignored the no-go target, and flashes red if he or
she incorrectly responded to a no-go target, or if he or she
didn’t respond to a go target within the 2-second window.
All participants were instructed to respond to go targets as
quickly as possible, without sacrificing accuracy, and to
withhold responses to no-go targets. Participants were instructed to keep their gaze fixed on the central fixation cross
throughout each trial until the appearance of the target.
All participants were oriented to each device and given
practice trials and demonstration to ensure equivalent com-

fort with the three platforms. On the PC version, participants
were instructed to press a single button on a keyboard when
they saw a go target appear on the screen in the space predicted by the cue. RT was indexed as the time between the
appearance of the go target and the time of the response
button press. For the Kinect and iPad, participants were instructed to respond to the target by physically ‘‘hitting’’ it at
the actual location it appeared, capitalizing on the respective
advantages offered by motion capture and touch screen
technology compared with the keyboard of the PC. Therefore, RT for the Kinect and iPad was indexed as the time
difference between the appearance of the go target and the
participant’s initial movement from the required holding
state at a home position. On the iPad, we implemented a
‘‘home’’ position on the bottom of the screen where participants were instructed to maintain their dominant index finger throughout the trial prior to target appearance. The
Kinect used a similar method; participants were instructed to
keep their hands at their sides, and the Kinect was programmed to verify this position before starting each trial.
Because the time to hit the target is affected by its physical
distance from the home position, the actual hit time was not a
reliable reflection of cognitive RT.
For the Kinect version, participants were standing in an
open exam room approximately 4 feet from the screen.
Participants played the iPad version of the task sitting down,
with the iPad lying flat on a table in front of them.
RT variance

To investigate whether there is an effect of within-subject
variance in RT between platforms, we used the same analysis
as above for RT standard deviation. We found a two-way
interaction between information level and platform [F(6,
48) = 2.60, P < 0.05]. We also found main effects for information level [F(3, 24) = 3.48, P < 0.05] but not for platform
[F(2, 16) = 3.06, P = 0.075]. Using paired t tests to further
explore the two-way interaction, we ran paired t tests within
information levels between platforms. We only saw differences in variance on the 100 percent information level, with
the Kinect reporting lower variances than both the PC
[t(8) = 3.45, P < 0.01] and the iPad [t(8) = 2.29, P < 0.05]. For
within-platform comparisons between information levels,
the Kinect showed significant differences between all information levels, as well as trending significance for the
100 percent versus 75 percent comparison [t(8) = 2.10, P =
0.069]. Neither the PC nor the iPad showed any differences
in variance between information levels. It is interesting that
these results show that the Kinect has the most sensitivity to
detect within-subject RT variance between information levels and is more or less comparable to the other platforms in
measures of within-level variance.

