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Abstract
Background: Neuropsychological testing is a central aspect of

stroke research because it provides critical information about

the cognitive-behavioral status of stroke survivors, as well as

the diagnosis and treatment of stroke-related disorders. Stan-

dard neuropsychological methods rely upon face-to-face in-

teractions between a patient and researcher, which creates

geographic and logistical barriers that impede research prog-

ress and treatment advances. Introduction: To overcome these

barriers, we created a flexible and integrated system for the

remote acquisition of neuropsychological data (RAND). The

system we developed has a secure architecture that permits

collaborative videoconferencing. The system supports shared

audiovisual feeds that can provide continuous virtual inter-

action between a participant and researcher throughout a

testing session. Shared presentation and computing controls

can be used to deliver auditory and visual test items adapted

from standard face-to-face materials or execute computer-

based assessments. Spoken and manual responses can be ac-

quired, and the components of the session can be recorded for

offline data analysis. Materials and Methods: To evaluate its

feasibility, our RAND system was used to administer a speech-

language test battery to 16 stroke survivors with a variety of

communication, sensory, and motor impairments. The sessions

were initiated virtually without prior face-to-face instruction

in the RAND technology or test battery. Results: Neuro-

psychological data were successfully acquired from all par-

ticipants, including those with limited technology experience,

and those with a communication, sensory, or motor impair-

ment. Furthermore, participants indicated a high level of sat-

isfaction with the RAND system and the remote assessment

that it permits. Conclusions: The results indicate the feasibil-

ity of using the RAND system for virtual home-based neu-

ropsychological assessment without prior face-to-face contact

between a participant and researcher. Because our RAND sys-

tem architecture uses off-the-shelf technology and software, it

can be duplicated without specialized expertise or equipment. In

sum, our RAND system offers a readily available and promising

alternative to face-to-face neuropsychological assessment in

stroke research.
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telemedicine, telepsychiatry, teleneurology

Introduction

S
troke is a leading cause of adult disability in the

United States.1,2 Clinical and basic researchers rely on

neuropsychological testing to document the natural

course of stroke recovery, permit causal inferences

about human brain structure–function relationships, reveal

factors that predict positive outcomes, and test the efficacy

of interventions.3–15 Because neuropsychological testing is a

central aspect of stroke research, factors that impede its use

negatively impact research progress and treatment advances.

One critical impediment is that neuropsychological testing

typically involves face-to-face interactions between researchers

and participants. This makes it difficult for researchers to work

with participants who do not live in the same local area,16,17

and it diminishes the participation of individuals with limited

physical mobility or unreliable sources of transportation.18–20

The ability to remotely acquire neuropsychological data from

stroke survivors located in their homes would, therefore, be

an attractive alternative to face-to-face testing.19,21–23 This

motivates the present effort to develop a flexible and inte-

grated system for the remote acquisition of neuropsychological

data (RAND).

The utility of telehealth and related applications for post-

stroke care and research was evaluated in a 2013 systematic

review,17 which identified 24 peer-reviewed publications that
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examined two-way audiovisual communication for post-

stroke care. The review found that all of the primary data

articles, small and preliminary in scope, were most focused on

rehabilitation of adults. The authors concluded that the use of

telemedicine in stroke is a nascent area of study. For similar

conclusions, see Refs.24,25 The feasibility of remote assessment

has been shown in actual or simulated satellite clinical testing

sites. For review, see Refs.18,20,26–28 Furthermore, videocon-

ferencing has been extended into home settings to deliver

treatment for stuttering without face-to-face researcher con-

tact.29–31 However, none of these prior works has involved a

system suitable for the flexible acquisition of neuropsycho-

logical data in home-based settings.

There are a number of challenges associated with the de-

velopment of a suitable system. One is that many neu-

ropsychological tests require participants to interact with and

respond to stimulus materials, making an audiovisual con-

nection alone insufficient.20,27,32 A solution is to combine

videoconferencing with accessories for collaborative stimulus

delivery and response monitoring.20,33,34 However, past solu-

tions of this type have involved special-purpose equipment and

software, and so, the systems could not be easily deployed in

home-based settings without considerable technical assistance.

Related work has involved computer-based test administra-

tion, which diminishes the need for administration exper-

tise.21,35,36 A few studies have coupled computerized testing

with remote assessment.21 For instance, Uysal et al.22 had a

portion of their postsurgery patient sample complete an online

neurocognitive battery in their homes without prior researcher

contact. In a handful of other studies, face-to-face training al-

lowed individuals with neurogenic disorders to subsequently

complete home treatment or rehabilitation.37–41 One unmet

challenge is the use of computerized test administration to ac-

quire verbal responses, an essential capability for many lan-

guage tests.21,42 It is also unclear whether approaches of this

type would be suitable for individuals with stroke, who may

have language, cognitive, motor, and sensory impairments that

limit the effectiveness and usability of computer-based testing.

This may be particularly true when the initial instructions for

technology use and test administration are provided remotely,

and not in a face-to-face introductory session.

Overall, past work highlights both the feasibility of remote

assessment and the challenges associated with home-based

testing environments. In the current work, these challenges

are addressed through the integrated use of off-the-shelf

technology and commercial software for collaborative video-

conferencing. The system offers a flexible and fully featured

method for home-based remote neuropsychological testing

that can be readily adapted and adopted by other investigators.

Results from a feasibility study indicate that it has the potential

to meet a diverse set of research needs.

Materials and Methods
We developed a neuropsychological testing system for the

RAND. The system integrates off-the-shelf technology and

software, which allows it to be easily duplicated with minimal

technical expertise and support, and deployed at a modest cost

per system. It is suitable for use in home-based settings without

preexisting Internet service, computing hardware, technical

support, or prior contact between a participant and researcher.

RAND SYSTEM ARCHITECTURE
The basic architecture of our RAND system consists of a

secure commercial cloud-based server and two Internet-

enabled computing devices (one for the researcher and one for

the participant) (Fig. 1). A variety of computing devices can be

used (e.g., desktop, laptops, and mobile devices with either

Macintosh or Windows operating software). The RAND

equipment allows neuropsychological data to be acquired

through the use of collaborative videoconferencing software.

Our system uses the Fuze43 software product to connect both

devices to a cloud-based server for hosting and recording

collaborative videoconferences.

RAND SYSTEM CAPABILITIES

Internet connectivity. The RAND system depends on Internet

connectivity between the researcher and participant. To

achieve this, the devices can be connected (1) through a wired

Ethernet connection, (2) through a wireless network already

available at the respective device location(s), or (3) through

broadband Internet access through a provider account linked

to the respective device(s) or an attached mobile hotspot.

Collaborative videoconferencing. A researcher can initiate a

collaborative videoconference by using Fuze to host a virtual

meeting. The built-in cameras and microphones on the re-

searcher and participant computing devices provide for a

continuous audiovisual feed of the researcher and the par-

ticipant, respectively, both of which can be displayed in real

time on the researcher and participant device screens. In ad-

dition, both the researcher and the participant can view and

interact with audiovisual content presented through a shared

collaboration window using shared presentation tools (Fig. 2).

Neuropsychological testing through shared content. Neuropsy-

chological testing typically requires the delivery of test items.

This can be accomplished within the RAND system by sharing

a whiteboard or a presentation that has been uploaded onto
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Fig. 1. RAND system architecture. The architecture for our RAND system consists of a secure commercial cloud-based server and two Internet-
enabled computing devices (one for the researcher and one for the participant). A variety of computing devices can be used (e.g., desktop,
laptops, and mobile devices with either Macintosh or Windows operating software). For the specific system that we developed, the participant
device was a Wi-Fi enabled iPad with a mobile broadband data plan. The researcher device was an Apple iMac with a wired 100 MB Ethernet
connection. The RAND equipment allows neuropsychological data to be acquired through collaborative videoconferencing. For the system we
developed, this functionality is supported by Fuze, a commercially available software product. The Fuze client software is installed on both the
computing devices. The Fuze software connects both devices to a cloud-based server, which is able to host and record collaborative
videoconferences. Neuropsychological test content can be stored and presented using the Fuze server and software, or the researcher device
can be used to execute a computer-based neuropsychological assessment. In either case, the test content becomes accessible to the
participant through a collaborative videoconference portal. RAND, remote acquisition of neuropsychological data.

Fig. 2. Representative RAND screen display. A typical display on the researcher computing device during a Fuze testing session. The small
images on the top show the audiovisual feeds from the participant and researcher computing device, a set of presenter tools is arranged
along the left-side of the screen, a set of videoconference tools is shown along the bottom side of the screen, and the large collaboration
window displays a test trial with an annotation mark made by the subject using an activated paintbrush tool.
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the Fuze server (Fig. 3). Alternatively, the collaboration

window can be used for shared computing. In this case, the

desktop of the researcher device or a software application is

shared with the participant device (Fig. 3). Computer-based

testing can then be performed either by using a browser to

navigate to an online testing Web site or by executing testing

software housed on the researcher computing device.

Videoconference quality. Fuze is robust under a wide range of

Internet connection conditions. The software utilizes a wide-

band Voice over Internet Protocol (VoIP) to provide twice the

quality of a standard phone call, with a low latency global

architecture to reduce VoIP chop. Intelligent software is used

to automatically and adaptively adjust audiovisual delivery

based on location and bandwidth.

Session archives. Fuze can be used to record the audiovisual

feeds from the researcher and participant computing devices,

as well as any annotations made to the presentation content.

The recorded content is password protected and stored using a

cloud-based server.

Security. The researcher has control over meeting access,

including the ability to grant access on a per user basis. Im-

portantly, Fuze maintains a high level of infrastructure secu-

rity. Customer passwords are not stored in the Fuze database,

all traffic between sites is on private lines, all traffic to and

from Fuze over the Internet is encrypted using the standards

required by government agencies and the healthcare industry,

and data are stored using a secure storage provider.

NEUROPSYCHOLOGICAL TEST BATTERY

A neuropsychological test battery was developed to probe

the usability of our RAND system. Since a large percentage of

stroke survivors have a communication disorder,44–46 we se-

lected speech-language tasks that draw upon a wide range of

the RAND system capabilities.

For the first five tests in the battery, test materials are em-

bedded in a PowerPoint file. The first test is a short form of the

Philadelphia Naming Test,47 which is freely available in dig-

ital form.48 For each trial, a line drawing appears and the

participants attempt to name aloud the depicted object. Next is

a custom-created short form of the Pyramids and Palm Trees

Test49 and then a short form of the Camel and Cactus Test.50,51

Permission to adapt and digitally administer the former was

obtained from the publisher, Pearson Clinical Assessment (UK),

while the latter is freely available in digital form.52 For each

trial, a probe stimulus appears on the screen along with a set of

choice stimuli. The participants manually mark the choice

stimulus most meaningfully related to the probe stimulus. Next,

a word naming and then a nonword naming test are adminis-

tered. For each trial, participants attempt to read aloud the

printed stimulus. The items for these tests were taken from

previous studies.53,54

The battery concludes with the Peabody Picture Vocabulary

Test.55 It is administered using shared computing to admin-

ister an online form of the test through Pearson’s Q-global

interface.56 For each trial, a set of images is displayed on the

browser screen along with a spoken word. Participants select

the image that best represents the spoken word. A license

to administer this task was obtained from Pearson Clinical,

Q-global (U.S.).

USABILITY EVALUATION
We conducted two usability studies. For an in-laboratory

usability study, the RAND system was used to administer our

speech-language battery to eight participants with a history of

stroke. The testing for this initial study was performed in a

Fig. 3. Overview of RAND videoconference toolbar in sharing mode. The videoconference toolbar, which is enlarged in this figure, is located
at the bottom of the RAND screen display. Before or during a RAND testing session, the researcher can select a sharing tool on the
videoconference toolbar. This activates a sharing mode, in which a whiteboard or a presentation file can be selected for sharing, or the
researcher’s desktop, or an active software application can be selected for shared computing.
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research facility. A subsequent at-home usability study in-

volved the deployment of the RAND system in the homes of

the eight participants with a history of stroke.

Participants were recruited from a registry of stroke sur-

vivors interested in research (the Western Pennsylvania Pa-

tient Registry). Eligibility criteria for both usability studies

included premorbid right-handedness, presence of a left

unilateral brain damage from a single stroke event, being a

native English speaker with no history of a learning disability

or developmental neurological disorder, and ability to pro-

vide informed consent and understand simple spoken sen-

tences. Participants provided informed consent and received

monetary compensation ($50). Participant details are pro-

vided in Table 1.

Our neuropsychological battery, a technology use survey,

and a usability survey were administered to all participants.

The technology use survey focused on prior experience with

wireless and cellular phones, computing devices (desktops,

laptops, smartphones, tablet computers), and Internet-enabled

virtual communication (e.g., use of Skype and FaceTime). The

usability survey, adapted from Parmanto et al.,34 focused on

the simplicity and learnability of the RAND system, the

quality of audiovisual interactions with the researcher, the

ease of producing motor responses, comparison with face-to-

face interactions, satisfaction with the testing, and likelihood

of future use. The responses to each item were provided using

a seven-point Likert scale where 1 signified that the partici-

pant disagreed with the statement and 7 signified agreement.

Table 1. Participant Demographics, Neurologic Status, and Internet Connectivity

AGE SEX ED
TECH
USE

APHASIA
STATUS

MOTOR
LOSS

VISION
LOSS

HEARING
LOSS

CONNECTION
METHOD

CONNECTION
QUALITY

IL-1 59 M 15 5.5 0 1 1 0 Wi-Fi Fair

IL-2 59 M 14 6 3 3 0 0 Data plan Poor

IL-3 78 M 12 2 0 3 1 0 Data plan Good

IL-4 68 F 15 3 2 3* 1 1 Data plan Good

IL-5 69 F 12 6 3 3 2 0 Data plan Poor

IL-6 52 M 18 8 0 2 0 0 Wi-Fi Fair

IL-7 61 F 12 3 0 3 1 0 Data plan Fair

IL-8 50 M 12 6 1 3* 0 1 Wi-Fi Good

AH-1 67 M 12 3 0 2* 0 0 Hotspot Good

AH-2 60 F 18 7.5 1 2* 0 0 Hotspot Good

AH-3 78 M 20 9 2 3 0 0 Hotspot Good

AH-4 74 M 16 5 0 1 0 2 Data plan Fair

AH-5 51 F 14 5 0 3 0 0 Data plan Good

AH-6 58 F 13 5.5 1 2* 0 2 Wi-Fi Good

AH-7 52 M 14 8 1 0 1 1 Data plan Fair

AH-8 79 F 16 2 0 3 1 0 Hotspot Good

Note: Age, sex (M = male, F = female), and years of education (Ed) for the in-laboratory (IL-1 to IL-8) and at-home (AH-1 to AH-8) participants. Technology use (Tech Use)

summarizes the cumulative score on a technology use survey, in which scores can range from 0 to 9 depending upon an individual’s history of use with various

communication and computing technology and Internet-based software (e.g., Skype, FaceTime). Individuals with scores of 2–3 typically have little to no experience with

mobile computing technology and Internet software. Aphasia Status was determined through observation by a trained speech-language pathologist (0 = none, 1 = mild,

2 = moderate, 3 = severe). Motor Loss was based upon finger tapping performance (0 = none, 49+ taps; 1 = mild, 45–48 taps; 2 = moderate, 37–44 taps; 3 = severe, 0–36

taps; * indicates poststroke use of the previously nondominant hand). Vision loss was determined using an Amsler grid (0 = none; 1 = mild, with peripheral loss or

distortion in one or both eyes; 2 = moderate, with central blurring, peripheral loss in both eyes, and brightness sensitivity). Hearing loss was determined using an

audiometer (0 = none; 1 = slight, with loss of 16–25 dB in one or both ears; 2 = mild, with loss of 26–40 in one or both ears). Connection Method describes the Internet

connection method used for the delivery of the assessment battery. For the at-home study, in most cases, the researcher first tried to use the provider data plan on the

iPad to establish a mobile broadband connection, switching to mobile hotspot technology as necessary. In the case of one individual with no cellular service, a home

wireless network was used. The connection quality during the delivery of the assessment battery is noted in the final column (Good = approximately, packet loss < 5%

and/or jitter <60 ms; Fair = approximately, packet loss of 5–10% and/or jitter 60–90 ms; Poor = approximately, packet loss >10% and jitter > 90 ms).
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Results
FEASIBILITY OF THE RAND SYSTEM

The in-laboratory usability study of the RAND system was

conducted within a research facility using a protocol that

simulated a home-based testing scenario. To begin, the re-

searcher escorted participants to a quiet conference room

equipped with an appropriately configured iPad, a telephone,

and a printed instruction manual. The researcher then

departed to her office. For the at-home usability study, the

researcher mailed the participant an iPad, a mobile hotspot

device (if necessary), the instruction manual, and the

usability questionnaire.

The researcher initiated each RAND session by calling the

conference room or the participant’s home at a prearranged

time. She then talked the participant through turning on the

iPad, launching Fuze, and signing on to a meeting. The in-

struction manual complemented the spoken instructions. The

researcher then used the RAND system to administer the

neuropsychological test protocol. She first shared the Pow-

erPoint file for the Philadelphia Naming Test, which caused

the video feed windows to reduce and a collaboration window

with the slide content to appear (Fig. 2). The researcher used

presentation control buttons to advance the slide show when

appropriate. The subsequent two tests (Pyramids and Palm

Trees, and Cactus and Camel tests) also involved a shared

PowerPoint presentation, but with manual rather than spoken

responses. To enable manual responding, the researcher ex-

plained how to activate a paint tool (Fig. 2), so that whenever

and wherever the participant touched the collaboration win-

dow on their iPad screen, it left an annotation mark. The Word

and Nonword Naming Tests followed and involved shared

PowerPoint content and spoken responses. During the last

test, the researcher shared the Q-global Web site for the Pea-

body Picture Vocabulary Test.56 In this case, the collaboration

window displayed the Web site content. With some RAND

system configurations, such as those using Windows software,

the Q-global system would automatically register the touch

responses of the participant. For the system we used, this was

not possible. Instead, the participants used the paint tool to

annotate a selected drawing, and the researcher entered the

corresponding response using her keyboard.

EVALUATION OF RAND SYSTEM USABILITY
Our RAND system was used to administer the neuropsycho-

logical test battery to eight participants in an in-laboratory us-

ability study and eight participants in an at-home usability

study. All 16 participants successfully used the RAND technol-

ogy to initiate the collaborative videoconference and participate

in neuropsychological testing. This RAND session occurred

without prior face-to-face instruction in the RAND technology,

which is notable because many of the participants had limited

experience with computer technology, mobile devices, and vir-

tual videoconferencing (Table 1). In addition, even those par-

ticipants with a diagnosed communication disorder, a hearing or

vision impairment, or poor fine motor control (Table 1) were able

to comprehend and follow the virtually delivered instructions for

operating the RAND technology and perceive and respond to

neuropsychological test items. Overall, these results indicate that

a diverse range of participants can use the RAND system without

requiring special training or expertise.

The RAND system requires both the researcher and partic-

ipant devices to be connected to the Internet. For the re-

searcher device, a wired Ethernet connection was used for

both the in-laboratory and at-home studies. A variety of

connection methods were explored for the participant device.

For the in-laboratory study, a connection was achieved using

either a local wireless network or a mobile broadband data

plan on the iPad. With both methods, there were instances in

which bandwidth limitations caused mild, moderate, or severe

disruptions in the videoconference quality (Table 1). These

problems did not prevent the researcher from acquiring the

neuropsychological data from any of the participants, al-

though in three cases the researcher returned to the conference

room to troubleshoot the Fuze software. The connection issues

experienced in the in-laboratory study led us to incorporate

mobile hotspot technology as an additional connection option

for the at-laboratory study (Table 1). Furthermore, continued

development of the Fuze software led to improvements in

Fuze’s alert system for videoconference quality. This allowed

the researcher to ascertain whether the bandwidth was suffi-

cient to initiate a high-quality videoconference (minimum of

4 Mbps downloads and 1 Mbps upload capacity), so that she

could switch to an alternative connection method, if necessary.

These changes improved Internet connectivity for the at-home

study, with good to fair videoconference quality achieved

throughout testing for all participants (Table 1).

Five of the six neuropsychological tests were administered

successfully to all 16 participants. The exception was the Pea-

body Picture Vocabulary Test, which requires Web-based ac-

cess to the Q-global online administration system.56 At the

present time, Q-global targets its development efforts for

Windows operating systems and Windows-compatible Internet

browser and Java software. This created recurrent and unpre-

dictable compatibility issues between the Q-global system and

the Macintosh-compatible browser and Java software installed

on the RAND system.

As another component of the usability evaluation, partici-

pants provided feedback through a survey form. The survey
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evaluated the ease of use and learnability of the RAND system.

The in-laboratory and at-home groups gave it average overall

scores of 6.13 and 6.88 (out of 7), respectively. Detailed results

for the at-home participants are listed in Table 2. These survey

results indicate that participants were very satisfied with the

RAND system and their remote assessment experience.

Discussion
We developed a system for the RAND, using off-the-shelf

technology and commercial software. The system we devel-

oped can be duplicated and deployed with little technical

expertise, for a modest cost. The capabilities of our RAND

system were broadly sampled and included home-based

neuropsychological testing of eight individuals by a geo-

graphically distant investigator. Across the set of tests, au-

ditory and visual stimuli were successfully presented, and

verbal and manual responses were successfully acquired.

Secure session archives were recorded and stored on a cloud-

based server for later access. The protocol administration

proceeded smoothly for most tests. These results indicate that

our RAND system is suitable for the virtual acquisition of

neuropsychological data without prior face-to-face interaction

with a researcher.

The participants in the usability evaluation were individuals

with a history of stroke who varied in their self-reported

technology use. They included individuals with a diagnosed

communication disorder, vision or hearing impairment, loss of

fine motor control, and/or limited history of technology use.

Despite the potential for these challenges to cause participant-

related testing failures, none was observed in the current study.

Furthermore, participants were satisfied with the RAND

system. For both the in-laboratory and at-home usability

studies, the mean scores were substantially higher than the

scale midpoint for positively scored items and substantially

lower for negatively scored items. The primary goal of our

RAND development effort was to produce a flexible system for

remote neuropsychological assessment in home-based set-

tings without preexisting computer hardware and Internet

connectivity. The high degree of testing success and usability

scores suggests that this goal has been met.

However, it is important to recognize that the results ad-

dress the feasibility but not the generalizability and reliability

of RAND-delivered assessment. This is because the study

sample was small and it contained few individuals with low

levels of education or severe physical limitations. A larger

evaluation study, involving a more diverse range of partici-

pants is currently underway. This study will extend the current

work by comparing test results obtained through the RAND

system with those obtained through face-to-face testing, to

establish the validity of RAND-delivered assessments. It is

possible this larger study will reveal instances of testing

failure, in which the characteristics of a participant make use

of a RAND system a poor alternative to face-to-face testing.

While the overall pattern of results is positive, evaluation of

our RAND system did reveal some technological limitations.

Most notably, administration of an online computer-based

test failed for the majority of test sessions. The problems

did not arise from the core system technology, but rather from

software incompatibilities between the test administration

Table 2. Average User Ratings of RAND System
and Testing Experience

QUESTION
AVERAGE

RATING (SD)

1. It was simple to use the iPad. 6.5 (1.1)

2. It was simple to learn to use the iPad. 6.6 (0.5)

3. I liked using the iPad. 6.9 (0.4)

4. It was simple to use the testing software. 6.8 (0.5)

5. I liked using the software. 6.8 (0.5)

6. The iPad made it difficult to hear the researcher. 3.0 (2.6)

7. The iPad made it difficult to see the researcher. 1.3 (0.5)

8. The iPad made it difficult to hear the spoken items. 1.0 (0.0)

9. The iPad made it difficult to see the visual items. 1.1 (0.4)

10. The iPad made it difficult to verbally respond

to items.

1.0 (0.0)

11. The iPad made it difficult to respond to items

using my finger.

1.6 (1.4)

12. The iPad made it difficult to express myself. 1.1 (0.3)

13. The iPad made it difficult for me to perform

my best.

1.8 (2.1)

14. Using the iPad was as good as having the researcher

in the room with me.

5.6 (1.5)

15. The iPad is an acceptable way to participate

in testing.

6.2 (1.2)

16. If there was a problem, the researcher was

able to walk me through the solution.

7.0 (0.0)

17. I would participate in a testing session with

this iPad again.

7.0 (0.0)

18. Overall, I was satisfied with the testing with

the iPad.

6.9 (0.4)

RAND, remote acquisition of neuropsychological data.

Note: The scores for items 6–13 were reverse scored (i.e., subtracted from 8),

since the phrasing of these questions indicates a rating of dissatisfaction

rather than satisfaction.
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Web site and the Internet browser and Java software installed

on the researcher computing device. To avoid or minimize

such problems, careful choice of online computer-based test

platforms and the RAND software is warranted. Alter-

natively, a computer-based assessment software could be

installed on the researcher computing device, with test ad-

ministration making use of application sharing. In sum, the

results indicate that compatibility issues may compromise

the utility of the RAND system for computer-based assess-

ment, but these can be overcome and are not inherent

limitations of a RAND system.

Finally, it should be noted that there is considerable flexi-

bility in potential RAND system architectures, due to the in-

teroperability of the Fuze software and other commercially

available collaborative videoconferencing software. We chose

a tablet computing device for the participant (an iPad) due to

its ease-of-use, relatively low cost, and portability. We chose

the Fuze software because at the time of study initiation, we

judged it to stand above other products due to its easy-to-

operate and intuitive interface, attention to security and

privacy issues, and the broad range of collaborative video-

conference functions it supports. Peripheral devices, such as

high-definition Webcams and audio headsets, could be used

to further enhance audiovisual quality. The particular needs of

each research study, in combination with an evaluation of

available technology and software, should be considered in

designing the most suitable RAND system architecture for a

given study. We caution, however, that evaluation results

obtained using our specific RAND system configuration might

not apply to RAND systems with different technology and

collaborative videoconferencing software components.

In conclusion, our feasibility results indicate that a RAND

system can provide a flexible and robust solution to the

problem of obtaining neuropsychological assessment data

remotely. This solution can decrease the burdens associated

with participation in clinical and basic research on stroke-

related disorders, and it can remove geographical barriers to

neuropsychological assessment for both research and clinical

purposes. Removing these impediments will help facilitate

progress in stroke research and treatment.
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