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 Virtual Coach Technology for Supporting Self-Care 1 

ABSTRACT  2 

“Virtual Coach” refers to a coaching program or device aiming to guide users through 3 

tasks for the purpose of prompting positive behavior or assisting with learning new skills. This 4 

report reviews virtual coach interventions with the purpose of guiding rehabilitation 5 

professionals to comprehend more effectively the essential components of such interventions, the 6 

underlying technologies and their integration, and example applications. A design space of 7 

virtual coach interventions including self-monitoring, context awareness, interface modality, and 8 

coaching strategies were identified and discussed to address when, how, and what coaching 9 

messages to deliver in an automated and intelligent way. Example applications that address a 10 

variety of health-related issues are also provided to illustrate how a virtual coach intervention is 11 

developed and evaluated. Finally, we provide some insight into addressing key challenges and 12 

opportunities in designing and implementing virtual coach interventions. It is expected that more 13 

virtual coach interventions will be developed in the field of rehabilitation to support self-care and 14 

prevent secondary conditions in individuals with disabilities.     15 

   16 

 17 

18 
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INTRODUCTION 19 

The term “Virtual Coach” appeared in the 1950’s and was used to refer to an athletic 20 

coach leading the team behind the scenes or over distance.  The earliest “Virtual Coach” was 21 

reported in 1997 when an electronic device (i.e., a laptop) was used to guide a rare surgical 22 

procedure in an operating room [6]. Now “Virtual Coach” has been used to refer to a coaching 23 

program or device aimed at guiding users through tasks for the purpose of prompting positive 24 

behavior or assisting with learning new skills[1,2,4,5,7,38].  “Cognitive Orthosis”, “Virtual 25 

Trainer”, “Occupational Enabler”, “Prompting Device” are some of the terms used to name the 26 

devices or programs having similar functions as a “Virtual Coach” [14,33,35].  “Virtual Coach” 27 

also shares similar features as persuasive technology defined as interactive computing systems 28 

intentionally designed to change people’s attitudes and behaviors [23]. However, “Virtual 29 

Coach” influences people by placing more emphasis on providing instructions on how to 30 

complete the target activity correctly than simply motivating them to start doing the activity if 31 

they have not done so.  32 

One of the greatest areas of innovation for “Virtual Coach” is to support preventative 33 

health management and self-care. Healthy People 2010 emphasizes that a primary focus of health 34 

promotion for people with disabilities is on the prevention or reduction of secondary 35 

conditions[3]. The Institute of Medicine also identifies the use of assistive technologies for 36 

management and prevention of secondary conditions as one of the major areas in need of future 37 

research in the field of rehabilitation [22]. The current state of practice regarding preventing or 38 

managing secondary conditions among people with disabilities is to provide patient education 39 

during the rehabilitation process or service. However, with increased cost containment, the 40 

rehabilitation process or service continues to be compressed and limited time is available to 41 
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provide such education. Information overload or feeling the information may not apply to them 42 

can interfere with retention or application of the education materials in their daily living 43 

environment [44]. Also forgetfulness, complexity of the regimen, and disruption of daily routines 44 

may contribute to poor adherence to clinical recommendations. Many people especially those 45 

having cognitive deficits rely on caregivers or family members to provide verbal reminders or 46 

instructions to complete target activities[25]. Virtual coach interventions ranging from simple 47 

time-based reminders to interactive web-based applications have been used to address these 48 

issues[7,15,39]. However, most of these interventions are designed to be used in a fixed space 49 

and cannot provide assistance as needed. They also generally operate open-loop or rely on self-50 

report, and the information delivered is more generic and not suited to a user’s context or 51 

situation.  52 

In this paper we will focus on virtual coach interventions that incorporate sensor 53 

technologies, context-aware computing, and adaptive coaching strategies. Such interventions are 54 

able to infer elements of a person’s context and activity, and reason about when, how and what 55 

messages to deliver based on the person’s performance, progress, and context. They rely on 56 

extensive pervasive sensing of the person and his/her environment, and include powerful 57 

software engines that can process, mine, and send coaching messages tailored to the person’s 58 

condition and context in an automated way.  59 

This paper reviews virtual coach interventions with the purpose of guiding rehabilitation 60 

researchers to comprehend more effectively the essential components of such interventions, the 61 

underlying technologies and their integration, and exemplar applications. Our goal is also to 62 

provide insight by addressing key challenges and opportunities in designing and implementing 63 
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virtual coach interventions, and promote such interventions in rehabilitation to support self-care 64 

and prevent secondary conditions in individuals with disabilities.     65 

 66 

COMPONENTS OF VIRTUAL COACH INTERVENTIONS 67 

In order to systematically understand virtual coach interventions, we have identified four 68 

components that define the design space of such interventions and address when, how, and what 69 

message to deliver in an automated and intelligent way (see Figure 1).  70 

---------------------------------------------------------------------------------------------------------------- 71 

Insert Figure 1 here. 72 

---------------------------------------------------------------------------------------------------------------- 73 

        74 

 75 
Self-Monitoring 76 

Self-monitoring refers to observing and recording a target activity, such as medication 77 

usage, activity levels, and calorie intake, or an outcome of the target activity, such as weight. 78 

Self-monitoring is often achieved through self-report, which could be tedious, inaccurate, and relies 79 

on user cooperation. With the advance of sensor technologies and wearable computing, self-80 

monitoring in virtual coach interventions can be achieved automatically and in real time using a 81 

variety of sensors such as heart rate monitors, accelerometers, GPS, and cameras. The sensors 82 

collect, store, and share relevant data with users and make it easier for them to know how well they 83 

are performing the target activity. Psychology research has shown that self-monitoring feeds the 84 

natural human drive for self-understanding and is an important strategy to motivate desired 85 

behaviors or avoid undesired behaviors [17]. More importantly, sensor-based self-monitoring 86 

enables the system to track user performance and progress over time, and makes sure the coaching 87 
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messages will be triggered only when necessary and the message contents are more relevant to the 88 

user.  Ijsselsteijn et al. used heart rate monitors to measure training intensity when participants 89 

cycled in a virtual environment with a stationary home exercise bike. The heart rate information was 90 

used to provide feedback to the participants via a virtual agent who could either encourage 91 

participants to do better or tell them to slow down if the heart rate became too high [24]. Mihailidis 92 

et al. developed a hand washing COACH device for people with moderate to severe dementia, 93 

where a ceiling-mounted video camera in the washroom and computer vision algorithm was used 94 

to track hands and task objects to monitor handwashing steps and guide users through the steps 95 

as necessary [34].  96 

Context awareness 97 

Location, time, identity, and activity have been proposed as the primary elements of 98 

context[19]. People usually take a great deal of context into account when they communicate. 99 

Previous research has shown that intervening at the right context will likely increase the chance 100 

of getting responses [31]. Studies in task interruption have also shown that responsiveness to an 101 

interruption depends crucially on what the user is doing at the time the interruption occurs in 102 

addition to many other factors such as the emotional state of the user and the modality of the 103 

interruption[11]. Sensor technologies and machine learning algorithms could enable machines to 104 

perceive certain elements of context such as location and user activity to determine levels of user 105 

interruptibility, and deliver prompting messages at the opportune moment when users are likely 106 

to respond. For example, if the user happens to be sitting idly when the prompting messages are 107 

delivered, these messages may result in a relatively high response rate. Siewiorek et al. designed 108 

a context-aware mobile phone that can modify its behavior such as ringer volume and vibration 109 

etc. based on its user’s state and surrounding environment using motion, light, and microphone 110 
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sensors in a device worn on the body [41]. Kaushik et al. evaluated a proximity-based reminder 111 

system for home medical tasks in a 10-day case study where proximity to the location where the 112 

task must be completed was used to delay the reminder until execution of the task was 113 

convenient based on location. The study showed that 96% of the proximity-triggered reminders 114 

being acted upon within five minutes of being acknowledged compared with only 8% of timer-115 

triggered reminders, and 25% of the proximity-triggered messages received the most favorable 116 

rating compared with 9% of the timer-triggered ones [25].  117 

Interface Modality 118 

A variety of modalities such as light, auditory, visual, and tactile interfaces can be used to 119 

present coaching messages to users. Within an interface modality, there are also different stimuli 120 

such as multiple sounds and text, graphics, or animation based displays. Research has shown that 121 

different modalities/stimuli or combinations have different effects on user perception, 122 

performance, and acceptance[11]. Mayer et al. found that participants performed better on a 123 

learning transfer test when the interface agent had a standard accent compared to foreign accent, 124 

and when the agent’s voice was human rather than machine synthesized [30]. Bickmore et al. 125 

evaluated the impact of four different types of audio alert tones on the compliance of the target 126 

“wrist rest” behavior and found that compliance dropped off quickly with the very impolite alert 127 

tone[11]. Mihailidis used the pre-recorded voice of a professional male actor to prompt the 128 

correct sequence of hand washing for people with moderate to severe dementia [34]. However, 129 

some of the subjects did not like the male voice because it reminded them of “being in the army”, 130 

and one subject even became agitated by the male voice.  131 

Animated agents have recently become one of the most popular interface modalities with 132 

the advance in graphical user interfaces (GUI) and computing technology. These agents range 133 
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from animated shapes to human-like entities including cartoon-like shapes and characters, 134 

talking animals, or a variety of other forms. A current trend is to design animated human-like 135 

agents with a wide variety of features such as visual appearance, fidelity, expressiveness, and 136 

social-emotional skills. There is well documented research showing the effect of an animated 137 

agent on user performance, perception, and acceptance [36]. Atkinson suggested that the dual 138 

mode of presentation (animated agent with narrated instructions) enhanced learning outcomes 139 

[9]. King et al. found that a dynamic 3D human agent whose eyes blinked was rated more 140 

intelligent than other forms such as 3D forms, caricatures, and geometric shapes [26]. Walker et 141 

al. found that people who interacted with a talking face spent more time on an online 142 

questionnaire, made fewer mistakes, and wrote more comments than those who answered a text 143 

questionnaire [43]. Bickmore et al. conducted a study comparing an animated health counseling 144 

agent on a mobile device to equivalent agents that had text only or text and static image 145 

representations, and found that the animated versions led to significantly better social bonding 146 

with users [10]. The same group of scientists also researched the role of emotional and relational 147 

skills in an animated human agent to support a behavioral intervention for physical activity 148 

adoption. They found that there was no significant difference between the amount of physical 149 

activity performed by subjects working with the agent equipped with emotional and relational 150 

skills versus those working with a non-relational agent. However, subjects working with a 151 

relational agent reported a significantly greater desire to continue working with the relational 152 

agent [13]. There are also negative effects reported with animated agents such as distraction and 153 

discomfort. Moreno et al. found that visual presence of the agent was no more effective than a 154 

voice-only condition [37]. Given the mixed results, it appears that a virtual coach intervention 155 

should consider the combined elements of physical characteristics of the user (such as 156 
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personality, gender, background knowledge, capability etc.), attributes of the agent (such as 157 

appearance, fidelity, speech quality, expressiveness etc.), and the type of target task (such as 158 

intent, difficulty, complexity etc.).  159 

Coaching Strategy 160 

Coaching strategies determine what content is presented to the user such as general 161 

versus specific messages and incorporating different affects such as positive or emotional affects 162 

into the messages. Steege et al. evaluated two prompt strategies for teaching common household 163 

tasks to students with severe disabilities. One of the strategies used the least-to-most restrictive 164 

sequence where students received instructional prompts in the order of non-specific verbal 165 

prompt, specific verbal prompt, gesture and verbal prompt, partial physical and verbal prompt, 166 

and total physical and verbal prompt if they failed to initiate a response to the prompt with 5 167 

seconds. The other prescriptive strategy was based on user progress, where the prompt was given 168 

at a level just above the prompt that had induced a correct response in the previous trial. The 169 

results showed both strategies were equally effective in increasing independent task acquisitions; 170 

however, the prescriptive strategy was more efficient [42]. Most-to-least restrictive sequence is 171 

another coaching strategy where the most specific message is provided at the beginning and the 172 

message specificity gradually decreases [32]. This strategy holds the most control over the user’s 173 

behavior, but has a risk of message dependency.  Usually the most-to-least restrictive sequence is 174 

used to help establish the confidence in performing the target activity when a user just starts to 175 

learn the new task.  When the error rate decreases, the least-to-most restrictive strategy can take 176 

it over to help retain the learning outcome by gradually removing message dependency. Ideally, 177 

a coaching strategy dynamically adapts to the need, performance, and progress made by the user 178 

through self-monitoring and context awareness, which will help avoid ‘nagging’ effect and 179 
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enabling a trustworthy relationship between the user and the system. The handwashing COACH 180 

for older adults with dementia developed by Mihailidis et al. used coaching messages with three 181 

levels of assistance including low-guidance verbal prompt, high-guidance verbal prompt, and verbal 182 

prompt with a video demonstration of the action [34]. The level of assistance was determined based 183 

on factors such as the error committed, sensory and cognitive status of the user, and past 184 

responsiveness to the previous coaching messages. This strategy gave the COACH the adaptive 185 

ability to select the most appropriate support for each individual’s stage of dementia and overall 186 

responsiveness. 187 

Coaching strategies also involve adding different affects to the messages. Coaching 188 

messages can be designed to minimize affect, or adopt a positive or negative affect. Positive 189 

messages may help reinforce the desired performance and increase comfort and interest in using the 190 

system. A study found that people who received computer praise after they played an experimental 191 

game felt the interaction was more engaging and more willing to work with the system again [8]. 192 

Also coaching messages that respond empathetically and encouragingly to users rather than state 193 

cold hard facts may appeal to the emotion of reaching a goal and help promote a trustworthy 194 

relationship between the user and the system [12]. Negative messages, on the other hand, should be 195 

used with caution and are generally not appropriate even when the purpose is to decrease the 196 

instances of errors or undesired behaviors.  197 

EXAMPLES OF VIRTUAL COACH INTERVENTIONS 198 

The use of technologies to coach activities for supporting preventive health management 199 

and self-care has been an active domain for research. Table 1 summarizes some typical virtual 200 

coach interventions including those mentioned in previous sections. We will also discuss our 201 

preliminary work in developing a wheelchair seating virtual coach in this section.  202 
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----------------------------------------------------------------------------------------------------------------- 203 

Insert Table 1 here. 204 

---------------------------------------------------------------------------------------------------------------- 205 

 206 

Wheelchair Seating Virtual Coach 207 

--------------------------------------------------------------------------------------------------------------- 208 

Insert Figure 2 here. 209 

-------------------------------------------------------------------------------------------------------------- 210 

Power seating functions (PSFs) including tilt-in-space, backrest recline, and elevating 211 

legrests (see Figure 2) are usually prescribed for power wheelchair users who are often unable to 212 

adjust their body positions independently, and therefore predisposed to secondary conditions 213 

related to prolonged sitting such as pressure ulcers, spasticity, edema, orthostatic hypotension, 214 

and chronic pain[20,27]. However, power wheelchair users who have these seating functions 215 

may not use them as prescribed and frequently come back to clinics for problems such as fatigue, 216 

pain, or pressure sores that could be improved or solved by changing seating positions. While 217 

client education on proper use of PSFs is part of the clinical evaluation process in assistive 218 

technology clinics, these clinics have limited time and resources to devote to extended periods of 219 

client training. Users may know that using PSFs is good for their conditions, but simply may not 220 

remember when they should use them, and how to operate them. In a previous survey study, the 221 

majority of individuals used the PSFs for comfort rather than the specific medical reasons for 222 

which they are provided [28]. We have also tracked actual PSFs use of 11 subjects with a suite of 223 

sensors and a datalogger for two weeks. It was found that subjects did not adjust seating 224 

positions frequently and seldom used large tilt angles (>30º) which was found to provide 225 
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sufficient weight shift in previous laboratory studies [21]. Given the fact that a full complement 226 

of PSFs can double the cost of a power wheelchair, and many wheelchair users are not using the 227 

technology in an appropriate and effective way, it is important to develop interventions that 228 

address this problem. We are currently developing a wheelchair  229 

seating virtual coach (see Figure 3).  Figure 4 shows the system diagram of the seating coach 230 

which is comprised of a suite of sensors that monitor the actual PSF use and elements of a user’s 231 

context such as location and activity, a single board computer that synthesizes sensor information 232 

to determine the appropriate coaching protocol to assist wheelchair users to use PSFs for 233 

effective pressure relief and other activities of daily living such as transfers, and a touch screen 234 

that delivers the coaching messages to the user via a multi-modal interface. The  235 

seating coach can also transfer actual PSF use and compliance information to clinicians to assist 236 

further client education and decision making with PSF prescription [18].  237 

---------------------------------------------------------------------------------------------------------------- 238 

Insert Figure 3 here. 239 

--------------------------------------------------------------------------------------------------------------- 240 

--------------------------------------------------------------------------------------------------------------- 241 

Insert Figure 4 here. 242 

--------------------------------------------------------------------------------------------------------------- 243 

We instrumented a Permobil C500 power wheelchair with a suite of sensors to monitor 244 

the actual PSF use. User access to PSF is detected by three encoders coupled to the shafts of 245 

three actuators for tilt-in-space, backrest recline, and elevating legrests, respectively. Nine 246 

pressure sensors underneath the cushion are used to detect wheelchair occupancy and activate the 247 

seating coach and other sensors. All sensor data is processed by a single board computer attached 248 

Coaching  
Messages 

Compliance 



Page 15                              
 

behind the backrest to track actual PSF use such as duration of maintaining the same seating 249 

position, frequency and duration of accessing pressure relief positions, and sequence of using 250 

three PSFs etc.  The actual PSF use is also compared with clinician recommendations to 251 

determine user compliance status. The sensors, computer, and touch screen are powered by the 252 

wheelchair battery, making the seating coach simple always available when the power 253 

wheelchair is in use.  254 

We also plan to add more sensors such as accelerometers, light, and audio sensors for 255 

context detection to determine opportune moments or avoid inappropriate moments for 256 

delivering coaching messages. As prior research suggested time-shifting interruptions that 257 

coincide with changes in posture and mobility, or happen in a location where the task is likely to 258 

be completed might reduce reminder burden, locations and changes in mobility state will be 259 

detected in the seating coach to help increase user responsiveness to coaching messages.  260 

As appropriate feedback features can be varied according to the intervention purpose and 261 

the target audience, we are conducting a user preference study to determine the appropriate 262 

interface modalities and coaching strategies. A survey program (see Figure 5) was created which 263 

allows participants to select different interface modalities/stimuli for four types of coaching 264 

scenarios including reminding (e.g., when a user forgets to change the seating position for an 265 

hour), warning (e.g., when a user accesses PSF in a wrong sequence), guidance (e.g., when a user  266 

attempts to access pressure relief positions), and encouragement (e.g., when a user responds to 267 

the message with appropriate actions). For example, Figure 5 shows that a participant is to select 268 

preferred interface modalities/stimuli for the reminding scenario on Page A.  Page B lists a 269 

combination of modalities/stimuli for the reminding scenario. Page C shows a number of icons if 270 

the participant selects “Static Sign” as the preferred visual modality on Page B. Page D displays 271 
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the combination of selected modalities/stimuli and allows the participant to review the final 272 

interface for the reminding scenario. Participants can either go back to Page B to choose a 273 

different set of modalities/stimuli, or go back to Page A to repeat the selection process for 274 

another scenario. Figure 6 shows four animation characters if the participant selects “Animation” 275 

as preferred visual modality on Page B. Genie and Merlin are from Microsoft Agent Animations, 276 

and the female and male faces represent an average face developed by Braun et al. Figure 7 277 

shows the final interface for the warning scenario if the participant selects “Instruction” as 278 

preferred visual modality on Page B. An animated power wheelchair figure is used to illustrate 279 

the instruction.  280 

--------------------------------------------------------------------------------------------------------------- 281 

Insert Figure 5 here. 282 

--------------------------------------------------------------------------------------------------------------- 283 

--------------------------------------------------------------------------------------------------------------- 284 

Insert Figure 6 here. 285 

--------------------------------------------------------------------------------------------------------------- 286 

--------------------------------------------------------------------------------------------------------------- 287 

Insert Figure 7 here. 288 

--------------------------------------------------------------------------------------------------------------- 289 

 290 

Our preliminary data with 6 participants who use power wheelchairs equipped with PSFs 291 

showed that participants preferred to have the cartoon animation to inform them of the task they 292 

need to do, as they are funny and entertaining. They also preferred to have the animated power 293 

wheelchair figure to illustrate the instructions for the specific task, which not only conveys the 294 
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essential point of a message, but makes them feel it is important to follow the instructions. The 295 

participants did not show specific interest in either one of the human agents. This is partly due to 296 

the static faces instead of animated faces being used in the study. The participants also 297 

commented that they would like to work with a human agent whose face is someone they know 298 

or someone who is significant to them.  299 

Currently the virtual seating coach provides specific coaching messages when detecting 300 

conditions when a user forgets changing seating positions or uses the seating function 301 

inappropriately. However, the messages remain the same no matter how many times the same 302 

condition occurs. We intend to implement an adaptive coaching strategy where the content 303 

specificity, frequency, and affect of coaching messages will change dynamically based on user 304 

compliance, responsiveness, and context.  305 

One of the unique components of the virtual seating coach is the clinician interface. 306 

Feedback on user compliance to clinicians should be easy to understand. Traditionally, feedback 307 

is provided in the form of daily, weekly, or monthly graphs which may be difficult to 308 

comprehend at a glance. We use Kiviat Graphs (often used in computer system performance 309 

analysis) which summarize high dimensionally data. Figure 8 shows a Kiviat Graph of a 310 

wheelchair user’s overall compliance (left) where the shape of triangle should be shifted towards 311 

the right side for good compliance, and individual activity compliance  where the shape of the 312 

triangle should be uniform and large for good compliance [40].  313 

--------------------------------------------------------------------------------------------------------------- 314 

Insert Figure 8 here. 315 

--------------------------------------------------------------------------------------------------------------- 316 

 317 
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 318 

OPPORTUNITIES AND CHALLENGES 319 

Although virtual coach technology has shown promising results, we identified some key 320 

challenges and opportunities that need to be addressed as the technology matures and help shape 321 

future directions. 322 

Evaluation  323 

Evaluating a virtual coach intervention can be complicated. Hardly any user studies are 324 

available that have looked at the long-term acceptance and effectiveness of virtual coach 325 

interventions. All the studies presented in this paper are pilot projects involving a short period of 326 

time with a small number of subjects. Given the complex nature of designing a virtual coach 327 

intervention, it seems reasonable and necessary to use iterative pilot testing to refine the design 328 

until the intervention is field-ready for large-scale long-term evaluation. Mihailidis et al. 329 

developed three versions of their handwashing COACH for older adults with dementia over 10 330 

years [33-35]. Each version was tested with a small number of subjects (<=10) and had 331 

significant advances in the sophistication and versatility compared to those in the previous 332 

version. For example, the first version of their COACH used an accelerometer-based wristband 333 

to track user performance and only used audio prompts with one prompt for each step of 334 

handwashing. While the third version used a camera and computer vision algorithms to detect 335 

performance and dynamically determined the level of assistance with audio and audio-video 336 

prompts. Perhaps one way to speed up the evaluation process is to use participatory action design 337 

which emphasizes user involvement from the very beginning. For example, users can review the 338 

design space of a virtual coach intervention with the design team and discuss tradeoffs for each 339 

component during the project planning phase. “Wizard of Oz” (the main behind the curtain) 340 
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approach could also be used for preliminary usability testing before a system is fully operational, 341 

thus enabling observation of potential end-users’ responses to the planned interface and 342 

functionalities as the system evolves from proof-of-concept to prototype. Nonetheless, large-343 

scale longitudinal user studies such as clinical trials are needed to determine the ultimate efficacy 344 

of a virtual coach intervention. 345 

Usability 346 

The usability of a “Virtual Coach” to a large extent determines user acceptance and 347 

possibly performance. Self-monitoring and context-awareness are important to improve the 348 

usability by delivering relevant just-in-time messages. However, this benefit is crucially 349 

dependent on the quality and relevance of the machine sensing and inference algorithms. As the 350 

physical world and human behavior are both highly complex and ambiguous, reliable activity 351 

inference is a difficult problem. It is important to understand how tolerant will the target 352 

audience be to incorrect inferences, improper feedback, and bad timing, and strike a balance 353 

between the level of intelligence and reliability of a “Virtual Coach”.  354 

Few existing virtual coach interventions incorporate adaptive affect into their coaching 355 

strategies. The handwashing COACH is the only study we found that can adapt the level of 356 

prompting assistance to each subject’s performance, cognitive status, and overall responsiveness 357 

[34]. Ideally, a virtual coach intervention should reduce the number of and level of detail in the 358 

cues it provides as a user learns and his/her ability changes, which could enable a trustworthy 359 

relationship between the user and the system, leading to better usability and coaching 360 

effectiveness.  361 

Virtual Coach on a Mobile Device 362 
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With mobile devices such as smart phones and PDAs becoming more plentiful and 363 

powerful, and the fact that they become an integral part of our everyday life, one of the further 364 

directions is to use mobile devices to deliver virtual coach interventions [16]. Mobile devices are 365 

always with their users and stay on most of the time, which enables a virtual coach to be consulted 366 

whenever and wherever a user needs help and proactively intervene in real-time. The time and 367 

frequency of contact with a mobile device could also help build greater social bonding between 368 

the user and the virtual coach. Context awareness is essential in mobile applications to avoid 369 

annoying users and maximize coaching effectiveness. The ability to actively interrupt and help a 370 

user in a situation that is automatically sensed by a virtual coach could lead to increased 371 

perception of trust and caring by the user.  372 

CONCLUSIONS 373 

 Prevention and self-care play an increasingly important role in the overall health of an 374 

individual. Virtual coach technology can potentially enable a new class of intelligent devices and 375 

applications that facilitate self-management and improve compliance to clinical regimens. The 376 

ability to provide coaching messages in a way that is tailored both to the user and the situation 377 

will likely enable a trustworthy relationship between the technology and the user, improving 378 

technology acceptance and effectiveness. Future work should focus on improving technology 379 

reliability, usability, and portability, and conducting large-scale longitudinal evaluations.  380 

 381 

REFERNCES 382 

 383 

1. Plan and Schedule Your Season. TRAININGPEAKS. The Ultimate training & Nutrition 384 

Software, in, 2009, Vol 2009 385 



Page 21                              
 

2. Pondera® Virtual Coach Sports Program, in: VIRTUAL COACH SPORTS LLC, 2007, 386 

Vol 2009 387 

3. U.S. Department of Health and Human Services. Healthy People 2010: Understanding an 388 

Improving Health., ed 2. Washington, DC: U.S. Government Printing Office, 2000 389 

4. Virtual Coach Program. Business Development Services, in: Big Time Business, 2005 390 

5. Virtual Coach/Basic Training Combo. Financial Strategies, Inc., in: Financial Strategies, 391 

Inc, 2007, Vol 2009 392 

6. Virtual Coach: Disk offers expert guidance CD-ROM saves man's only leg a Sarasota 393 

surgeon would have had to amputate without the disk to guide him through a rare 394 

procedure, in Herald-Tribune Sarasota, 1997 395 

7. Andrade AS, McGruder HF, Wu AW, et al: A programmable prompting device improves 396 

adherence to highly active antiretroviral therapy in HIV-infected subjects with memory 397 

impairment. Clinical Infectious Diseases. 41:875, 2005 398 

8. Andrew A, Borriello G, Fogarty J: Toward a systematic understanding of suggestion 399 

tactics in persuasive technologies. In Second International Conference on Persuasive 400 

Technology, Palo Alto, CA, USA, pp 259 401 

9. Atkinson RK: Optimizing learning from examples using animated pedagogical agents. 402 

Journal of Educational Psychology 94:416, 2002 403 

10. Bickmore T, Mauer D, Brown T: Context awareness in a handheld exercise agent. 404 

Pervasive and mobile computing 5:226, 2009 405 

11. Bickmore T, Mauer D, Crespo F, et al: Persuasion, Task Interruption and Health 406 

Regimen Adherence. In Second International Conference on Persuasive Technology, 407 

Palo Alto, CA, USA 408 



Page 22                              
 

12. Bickmore T, Schulman D: Practical approaches to comforting users with relational 409 

agents. In Conference on Human Factors in Computing Systems, San Jose, CA, USA pp 410 

2291 411 

13. Bickmore TW, Picard RW: Establishing and maintaining long-term human-computer 412 

relationships. ACM Transactions on Computer-Human Interaction (TOCHI) 12:293, 413 

2005 414 

14. Buttussi F, Chittaro L, Nadalutti D: Bringing mobile guides and fitness activities 415 

together: a solution based on an embodied virtual trainer. In MobileHCI, Helsinki, 416 

Finland 417 

15. Chang JS, Lee DA, Petursson G, et al: The effect of a glaucoma medication reminder cap 418 

on patient compliance and intraocular pressure. Journal of Ocular Phamacology and 419 

Therapeutics 7:117, 1991 420 

16. Chatterjee S, Price A: Healthy living with persuasive technologies: framework, issues, 421 

and challenges. Journal of the American Medical Informatics Association 16:171, 2009 422 

17. Clark NM, Zimmerman BJ: A social cognitive view of self-regulated learning about 423 

health. Health Education Research 5:371, 1990 424 

18. Cooper R: "Virtual Coach” to Monitor Powered Seat Functions (PSF) Usage. In 425 

Rehabilitation Engineering and Assistive Technology Society of North America; 426 

Washington DC, Washington DC 427 

19. Dey A, Abowd G: Towards a Better Understanding of Context and Context-Awareness 428 

In CHI 2000 Workshop on the What, Who, Where, When, and How of Context-429 

Awareness  430 



Page 23                              
 

20. Dicianno BE, Margaria E, Arva J, et al: RESNA Position on the Application of Tilt, 431 

Recline, and Elevating Legrests for Wheelchairs, in: Rehabilitation Engineering & 432 

Assistive Technology Society of North America, 2008 433 

21. Ding D, Leister L, Cooper RA, et al: Usage of tilt-in-space, recline, and elevation seating 434 

functions in natural environment of wheelchair users. Journal of Rehabilitation Research 435 

and Development 45:973, 2008 436 

22. Field MJ, Jette AM: The Future of Disability in America: National Academics Press, 437 

2007 438 

23. Fogg BJ: Persuasive Technology: Using Computers to Change What We Think and Do. 439 

San Francisco: Morgan Kaufmann, 2003 440 

24. IJsselsteijn WA, de Kort YAW, Westerink J, et al: Virtual fitness: stimulating exercise 441 

behavior through media technology. Presence 15:688, 2006 442 

25. Kaushik P, Intille SS, Larson K: Observations from a case study on user adapative 443 

reminders for medication adherence. Second International Conference on Pervasive 444 

Computing Technologies for Healthcare:250, 2008 445 

26. King WJ, Ohya J: The representation of agents: anthropomorphism, agency, and 446 

intelligence. Conference on Human Factors in Computing Systems:289, 1996 447 

27. Klingbeil H, Baer HR, Wilson PE: Aging with a disability. Archives of Physical 448 

Medicine and Rehabilitation 85:68, 2004 449 

28. Lacoste M, Weiss-Lambrou R, Allard M, et al: Powered tilt/recline systems: why and 450 

how are they used? Assistive Technology 15:58, 2003 451 



Page 24                              
 

29. Lee ML, Dey AK: Lifelogging memory appliance for people with episodic memory 452 

impairment. In the 10th international conference on Ubiquitous computing Seoul, Korea 453 

pp 44 454 

30. Mayer RE, Sobko K, Mautone PD: Social Cues in Multimedia Learning: Role of 455 

Speaker's Voice. Journal of Educational Psychology 95:419, 2003 456 

31. McBride CM, Emmons KM, Lipkus IM: Understanding the potential of teachable 457 

moments: the case of smoking cessation. Health Education Research 18:156, 2003 458 

32. McDonnell J, Ferguson B: A Comparison of Time Delay and Decreasing Prompt 459 

Hierarchy Strategies in Teaching Banking Skills to Students with Moderate Handicaps. 460 

Journal of Applied Behavior Analysis 22:85, 1989 461 

33. Mihailidis A, Barbenel JC, Fernie G: The efficacy if an intelligent cognitive orthosis to 462 

facilitate handwashing by persons with moderate to severe dementia. Neuropsychological 463 

Rehabilitation 14:134, 2004 464 

34. Mihailidis A, Boger JN, Craig T, et al: The COACH prompting system to assist older 465 

adults with dementia through handwashing: an efficacy study. BMC Geriatrics 8, 2008 466 

35. Mihailidis A, Davis J: The potential of intelligent technology as an occupational enabler, 467 

in Occupational Therapy Now, 2005 468 

36. Mohamad Y, Hammer S, Haverkamp F, et al: Evaluation study: training with animated 469 

pedagogical agents. Computer helping people with special needs:3, 2002 470 

37. Moreno R, Mayer RE, Spires HA, et al: The case for social agency in computer-based 471 

teaching: do students learn more deeply when they interact with animated pedagogical 472 

agents? Cognition and Instruction 19:177, 2001 473 



Page 25                              
 

38. Richardson M, Frank AO: Electric powered wheelchairs for those with muscular 474 

dystrophy: Problems of posture, pain and deformity. Disability and Rehabilitation: 475 

Assistive Technology 99999:1, 2009 476 

39. Riva A, Smigelski C, Friendman R: WebDietAID: an interactive web-based nutritional 477 

counselor. Proc AMIA Symp:709, 2000 478 

40. Saary MJ: Radar plots: a useful way for presenting multivariate health care data. Journal 479 

of Clinical Epidemiology 60:311, 2008 480 

41. Siewiorek D, Smailagic A, Furukawa J, et al: Sensay: a context-aware mobile phone, in 481 

IEEE International Symposium on Wearable Computers, 2003, pp 248 482 

42. Steege MW, Wacker DP, McMahon CM: Evaluation of the Effectiveness and Efficiency 483 

of Two Stimulus Prompt Strategies with Severely Handicapped Students. Journal of 484 

Applied Behavior Analysis 20:293, 1987 485 

43. Walker JH, Sproull L, Subramani R: Using a human face in an interface. In Conference 486 

on Human Factors in Computing Systems. Proceedings of the SIGCHI conference on 487 

Human factors in computing systems: celebrating interdependence., Boston, 488 

Massachusetts, United States pp 85 489 

44. White GW, Gutierrez RT, Seekins T: Preventing and Managing Secondary Conditions: A 490 

Proposed Role for Independent Living Centers. The Journal of Rehabilitation 62, 1996 491 

 492 

 493 

494 



Page 26                              
 

 495 

 496 

 497 

 498 

 499 

 500 

 501 

Figure 1: Design Space of a Virtual Coach Intervention. 502 
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Figure 2: Power Seat Functions. 511 
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Figure 3: Virtual Seating Coach. 530 
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Figure 4: System Diagram of the Virtual Seating Coach. 533 
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Figure 5 Survey Program for the User Preference Study 536 
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Figure 6: Four Animated Characters. 540 

(From Left: Genie, Merlin, Average Female Face, and Average Male Face) 541 

 542 

 543 

Figure 7:An Example Interface for the Warning Scenario. 544 

 545 

 546 

Figure 8 Feedback to Clinicians by Kiviat Graphs 547 
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Table 1: Summary of some typical virtual coach interventions. 548 

Reference Target 

Activity 

Portability Interface Modality Coaching 

Strategy 

Evaluation Outcome 

The COACH 

prompting 

system to assist 

older adults with 

dementia 

through 

handwashing: an 

efficacy study 

[34] 

Hand 

washing 

Fixed station 

with an video 

camera to 

monitor 

handwashing 

performance 

Pre-recorded male 

voice, video 

demonstration 

Three levels of 

instructions 

determined based 

on the error 

committed, user 

conditions, and 

past 

responsiveness  

Pilot test with 

six older adults 

with dementia 

using single 

subject design  

More steps 

completed 

independently, 

fewer interactions 

with caregivers. 

23% false alarm 

or miss detection  

Virtual fitness: 

stimulating 

exercise 

behavior 

Physical 

exercise 

Fixed bicycle 

station with 

virtual 

environment 

Female virtual agent 

with prerecorded voice 

and synchronized lip 

movements, text in a 

Feedback based 

on heart rate 

Test with 24 

subjects who 

do not do 

regular 

Significantly 

lowered the 

perceived control 

and pressure, but 
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through media 

technology [24] 

and heart rate 

was 

monitored 

cartoon like text 

balloon 

exercise using 

within subject 

design  

did not affect 

enjoyment  

Bringing mobile 

guides and 

fitness activities 

together: a 

solution based 

on an embodied 

virtual trainer 

[14] 

Physical 

exercise 

PocketPC 

with GPS 

that monitors 

the trial and 

user speed 

Annotated trail map 

with prerecorded voice 

to support navigation, 

and embodied virtual 

trainer to provide 

motivation support 

and exercise 

demonstration  

Positive 

feedback based 

on user speed on 

the trail; location 

aware exercise 

demonstration  

Test with 12 

users using 

within subject 

design  

More useful for 

navigation than 

trail maps and 

more effective to 

teach how to 

correctly perform 

exercise 

Lifelogging 

memory 

appliance for 

people with 

episodic 

Memory Wearable 

camera, 

audio 

recorder, and 

GPS logger 

Visual and audio cues 

in a slideshow 

narrative on a Tablet 

PC 

Self-guided 

review based on 

automated 

heuristics to 

exact meaningful 

Pilot test with 

three subjects 

with EMI and 

their 

caregivers, 

Support the 

memory of people 

with EMI better 

and reduce the 

burden placed on 
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memory 

impairment 

(EMI) [29] 

to record 

personal 

experiences 

memory cues compared with 

two other 

strategies  

their caregivers 

Context 

awareness in a 

handheld 

exercise agent 

[10] 

Walk PDA with an 

integrated 2D 

acceleromete

r to detect if 

walking at a 

moderate 

intensity 

Animated agent in a 

close-up shot with a 

range of nonverbal 

behaviors such as head 

nod, eyebrow raise 

etc. and text display 

(no speech) 

Positive 

feedback based 

on accelerometer 

readings  

Pilot test with 

eight subjects 

using within 

subject design 

(sensor-based 

feedback on 

and off) 

More perceived 

awareness and 

closer 

relationship with 

the agent, but less 

walking when 

feedback based 

on accelerometer 

 549 
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