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ABSTRACT 

Telemedicine has emerged as an effective tool for providing healthcare and 

health-related information, especially in rural areas which often have a larger elderly 

population having a higher rate of preventable disease. An internet-based telemedicine 

system can be one solution to provide the rural elderly the proper health information 

when needed. However, the interfaces of currently existing internet-based telemedicine 

systems were not specifically developed for elderly users. This research investigated the 

characteristics of older adults’ visual behavior including attention shifts, information 

processing, choice selection, search strategies, and error patterns in health related 

information searches for developing more appropriate web interfaces for older adult users. 

 The research consisted of two experiments. The first experiment conducted an 

eye-tracking study with twenty older and nineteen younger adults while using the original 

interface to identify visual behavior, search strategies, and error patterns when searching 

for health related information on an internet-based telemedicine system. The older adults 

tended to use sequential search strategies while most of the younger adults used a random 

jumping strategy. The older adults utilized the right area on the homepage as well as the 

top area while the younger adults did not focus as often on the right side. The older adults 

were more cautious and conservative while the younger adults were more exploratory. 

The older adults also tended to look at more areas and were easily distracted by accessory 

features and secondary information. Based on these results, a new interface for an 

internet-based telemedicine system was developed and tested with twenty different older 

adults to determine if it positively influenced older adults. The new interface, using older 

adults’ visual behavior in its design, led to significantly more efficient and effective 

information searches as well as better performance and higher satisfaction than the 

original interface. 

 Better understanding of how older adults acquire important health-related 

information is of critical importance in developing more appropriate web interfaces.  
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CHAPTER I 

INTRODUCTION 

1.1 History and Background 

Rheuban (2008) defined telemedicine as “the use of advanced technologies to 

facilitate the exchange of medical information and medical images via a host of 

communications services to facilitate the delivery clinical care” (p. 197). Telemedicine 

has become an effective and powerful tool in providing high quality healthcare, health 

related information, and education. Telemedicine can provide healthcare in a timely 

manner, regardless of distance, for people in underserved areas such as rural regions.  

Rural areas account for about 20% of the US population (U.S. Census Bureau, 

2008). These areas often have fewer medical resources and specialists, less advanced 

medical technology, and limited access to health services, all of which influence 

overall healthcare when compared to urban areas (Whitten, 2001). Rural areas also 

tend to have larger elderly populations, having more preventable disease risk factors 

such as obesity, smoking, poor diet, lower rate of activity, lack of fitness, and exhibit 

more chronic disease than those in urban areas (Rheuban, 2008; Seibert et al., 2008). 

Furthermore, it is not easy to travel for medical care due to the lack of public 

transportation and the great distances found in rural areas. Telemedicine can be one 

solution to overcome these factors by providing opportunities for older adults in rural 

areas to access health related information and to obtain medical care. 
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The elderly population continues to increase dramatically. According to U.S. 

Census Bureau (2008), individuals over 55 years old account for 22.6% of the 

population. It was expected that the number of older adults will reach 108 million, or 

45% of the adult population, in the next 15 years. In particular, older adults have a 

much higher incidence of chronic or acute disease than do younger populations. In 

2010, nearly 75% of USA older adults had one or more chronic diseases (CDC, 2010). 

Furthermore, 92% of older adults with a chronic disease live alone (Alwan, 2008). 

Chronic diseases require constant specialized care not only by professionals but also 

through self-care by the elderly patients themselves. Therefore, timely health 

information is even more critical to the elderly with chronic diseases; an internet-

based system can play a significant role for those populations (Loera, 2008). 

Older adult populations seek health related information via internet for self-care 

and medication (Chin & Fu, 2010).  The internet can be an effective tool to deliver 

health related services, providing an affordable and easily accessible network so 

people can get health information conveniently and quickly (Lorca et al., 2008). 

Healthcare services offered via the internet have been continually increasing, as an 

important substitution for traditional health services (Glinkowski & Sawińska, 2008). 

An internet-based telemedicine system can provide health information at the right time 

– literally whenever people need it. More and more, older adults access health related 

information themselves rather than relying on their medical care givers due to this 

easy accessibility and availability with the internet. However, general telemedicine 

applications may not be usable by everyone because of the lack of consideration for 
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the characteristics of special populations, such as older adult population (Alverson, 

Holts, D’lorio, DeVany, Simmons, & Poropatich, 2008).  It is crucial to support older 

adult users in their obtaining online health information so that they can improve their 

overall health and well-being. 

Older adults have more limited perceptual and cognitive capabilities, which 

often degrade the informative communication process as compared with younger 

people. Working memory capacity, processing speed, and recall of information often 

decline with age (Morrow & Leirer, 2001).Older adults tend to process information at 

a slower rate than the younger population due to the limited capacity of working 

memory and slower preprocessing speed (Black, 2008). According to Ziefle (2011), 

this age related limited memory function negatively affects menu navigation in a web 

interface. Older adults frequently have difficulty paying attention to, or focusing on, 

cues, which may affect performance success. The elderly need more time to change 

their attentional focus from one item to another. In particular, the elderly were more 

easily confused when selecting between target cues and unimportant cues, when there 

were distracters present (Fisk et al., 2009). Motor skills, visual and auditory abilities 

were also limited due to aging (Wahl &Tesch-Römer, 2001). All of these limitations 

can interfere with elderly searching on a web interface. Since the demands of 

information processing were associated with perceptual and cognitive capabilities, 

older adults in general tend to show less successful performance than do younger 

adults in web search tasks due to more ineffective search strategies (Stronge, Rogers, 

& Fisk, 2006). 



Texas Tech University, Young Ji Chun, Dec 2014 

4 

Studies have compared health related information search strategies on a web 

interface between older and younger adults. According to Johnson (1990), older adults 

tended to use less information and spend more time searching than younger adults. He 

found that older adults were more likely to use less effective search strategies which 

required fewer cognitive resources. Chin, Fu, and Kannampallil (2009) found that age 

also affects the adoption of search strategies. Younger adults tended to use more 

bottom-up search strategies while the elderly tended to integrate information from the 

website and their own knowledge by focusing on specific parts on the interface, a top-

down approach. Chin and Fu (2010) found that older adults tended to use the same 

method across different interfaces while younger adults adopted a variety of search 

strategies depending on interface characteristics.  

Even though there are studies on health related information search strategies on 

web interface with aging, there is only limited understanding available from existing 

studies that provides concrete explanation of visual behavior of older adults. The 

studies were primarily based on the sequence of clicks, not on the actual information 

processing with attention shifts as indicated by eye movements. Eye movement is one 

of the most useful indicators of how people acquire information and when attention is 

shifting from one point to another and is closely associated with cognitive processes 

and behavioral choices (Duchowski, 2007). An eye-tracking system is one effective 

method for measuring eye movements in the domain of web-based tasks and provides 

information about visual behaviors such as attention shifts, search strategies, accessing 

and processing visual information, choice selection, and error sequences while people 



Texas Tech University, Young Ji Chun, Dec 2014 

5 

are interacting with web interfaces (Buscher, Dumais, & Cutrell, 2010; Cutrell & 

Guan, 2007). 

It is not yet clearly understood how age plays a role in information search 

strategy and overall visual behavior for how older adults actually acquire information, 

especially on health related web interfaces where obtaining correct information is 

crucial (Chin et al., 2009).  General telemedicine applications may not fit all users 

because of the lack of consideration for older adults and their special needs (Alverson 

et al., 2008). The interfaces of existing internet-based telemedicine systems were not 

specifically developed for older adult users. While there are studies on the search and 

navigation of web information, these topics have not been addressed specifically in 

telemedicine web interface research for older adults (Czaja & Lee, 2001). Ackerman 

et al. (2010) asserted that ease-of-access for web telemedicine systems is limited. It is 

critical to examine how older adults retrieve health related information. The objectives 

of this study were to investigate visual behaviors of both older adults and younger 

adults including attention shifts, information processing, choice selection, and to 

determine information search strategies based on eye-tracking data while searching for 

information on an internet-based telemedicine system. Such information will be useful 

in developing more appropriate telemedicine web interfaces for older adults. 
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1.2 Problem Statement and Purpose 

The interfaces of existing internet-based telemedicine systems were not 

specifically developed for older adult users. The purpose of this study was to 

determine if more appropriate interfaces for the older adult users could be developed 

in accordance with the visual behaviors and search strategies of older adults for health 

related information search. In this dissertation, “website” will refer to the internet-

based telemedicine system. 

 

1.3 General Hypotheses  

There were differences in the visual behaviors between older adults and 

younger adults including attention shifts, search strategies, information processing, 

and choice selection when they search for health related information on an internet-

based telemedicine system. And a telemedicine interface that considers visual 

behavior characteristics of elderly populations lead to more effective and efficient 

performance and higher satisfaction in health related information searches for older 

adults. 

 

1.4 Research Studies  

1.4.1 Study I 

Objective 

The objective of Study I was to measure the visual behavior including initial 

attention locations, attention shift, information processing, choice selection, and search 
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strategies of older adults and younger adults when searching for health related 

information. Study I also examined error characteristics along with web interface 

factors that led to the errors of older adults and younger adults. 

 

Research Question 

Do older adults have different initial attention locations, attention shift, 

information processing, choice selection, and search strategies when searching for 

health related information as compared to younger adults? 

 

Hypotheses 

H1: Older adults have longer elapsed time before looking at the target on the 

homepage than do younger adults. 

H2: Older adults have a lower percentage of scanning success to the target on the 

homepage than do younger adults. 

H3: Older adults spend less time viewing the selected Areas of Interest (AOIs) than do 

younger adults. 

H4: Older adults use more fixation points when finding information than do younger 

adults. 

H5: Older adults have longer fixation duration mean when finding information than do 

younger adults. 

H6: Older adults make more errors when finding information than do younger adults. 
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H7: Older adults use different search strategies than do younger adults when searching 

for health related information. 

 

1.4.2 Study II 

Objective  

The objectives of Study II were to develop a new interface for an internet-

based telemedicine system in accordance with the findings in Study I and to verify its 

effects on older adult performance and satisfaction by supporting more effective 

search strategies. 

 

Research Question 

Does the newly modified interface of an internet-based telemedicine system 

support older adults’ performance and satisfaction by supporting more effective and 

efficient information searches compared to the original interface? 

 

Hypotheses 

H8: With the newly modified interface, older adults have shorter elapsed time before 

looking at the target on the homepage than with the original interface. 

H9: With the newly modified interface, older adults have a higher percentage of 

scanning success to the target on the homepage than with the original interface. 

H10: With the newly modified interface, older adults spend more time viewing the 

selected Areas of Interest (AOIs) than with the original interface. 



Texas Tech University, Young Ji Chun, Dec 2014 

9 

H11: With the newly modified interface, older adults need fewer fixation points when 

finding information than with the original interface. 

H12: With the newly modified interface, older adults have shorter fixation duration 

mean when finding information than with the original interface. 

H13: With the newly modified interface, older adults show fewer errors when finding 

information than with the original interface. 

H14: With the newly modified interface, older adults use more efficient search 

strategies than with the original interface. 

H15: With the newly modified interface, older adults have a higher task completion 

rate when finding information than with the original interface. 

H16: With the newly modified interface, older adults have a faster task completion 

time when finding information than with the original interface. 

H17: With the newly modified interface, older adults have higher satisfaction rating 

scores for a task and web system than with the original interface. 

 

 

1.5Assumptions  

A1: Even though attention and eye movements may not always be synchronized, it 

was assumed the paths of attention match eye movements since attention and eye 

movements were tightly linked in tasks of reading, visual search, scene perception, 

covert and overt attention (Duchowski, 2007). Further, clear instruction to a 

participant and an interview to assess the participant’s expectations can minimize 
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any gap between fixation and a conscious cognitive process that might exist in 

some tasks (Tobii Technology AB, 2010).  

A2: When using an eye-tracking system, it was assumed that there was no lag between 

gaze data and underlying cognitive processes while performing tasks even though 

there was small latency time under 30 ms which was shorter than a single saccade  

(Duchowski, 2007).    

 

1.6 Benefits of this Research 

This study examined the visual behaviors of both older adults and younger 

adults including attention shifts, information processing, choice selection, depicting 

the information search strategies for health related information searches. These results 

were applied to develop a new interface and verified positive influences on older 

adults’ task performance and satisfaction. The findings of this study can be used to 

developing improved health related web interfaces for older adult populations so older 

users can use web systems more effectively, efficiently, and easily to make important 

decisions about their own healthcare. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 Telemedicine 

According to World Health Organization (WHO) Group Consultation on 

Health Telematics (1998), “telemedicine is a composite term for health related 

activities, services and systems carried out over a distance by means of information 

and communication technologies, for the purpose of global health promotion, disease 

control and health care, as well as education, management and research for health.”  

 Telemedicine has the following generic components: 1) co-operative decision 

making; 2) case handling; 3) remote database access; 4) education; 5) monitoring; and 

6) medical care (Kastania, 1998). Telemedicine can be a potential key for effectively 

and efficiently improving not only individual but also public medical services in areas 

having limited medical resources.   

Telemedicine can provide healthcare in a timely manner, regardless of 

distance, for people in underserved areas such as rural regions, locations with less 

advanced medical technology, and locations not having enough medical professionals 

available. Telemedicine systems offer people with chronic disease opportunities to 

develop self-health management strategies such reducing stress and increasing coping 

skills (Glueckauf & Lustria, 2008; Wright, 2008). In particular, there is a growing 

demand for telemedicine services for older adults, a population that is drastically 

increasing in the US (Rheuban, 2008). 
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 It is expected that telemedicine service will become a ubiquitous part of 

everyday life with patients increasingly willing to utilize telemedicine (Rheuban, 

2008). In modern society, people are more willing to be involved in their own health 

issues and take action to preserve their health or rehabilitation than in the past. 

Therefore, high quality telemedicine, with broad-band telecommunication such as an 

internet-based telemedicine system, is of great significance (Weinstein et al, 2008). 

Limited access to health related information has been one of the significant 

obstacles to rural health care. With a telemedicine system, anyone should be able to 

access health information regardless of where he or she is. The internet supports this 

activity, currently making it the most realistic tool for accessing health related 

information (Doarn, 2008). The advantages people obtain via the internet have great 

potential: access to unlimited resources, money and time savings, and so forth. 

However, it might be not easy for older adults to get information via the internet. The 

characteristics of aging should be considered in internet-based telemedicine systems 

(Krupinski, 2008). 

Furthermore, Merrell, Cone, and Rafiq (2008) stated that older adults tend to 

be less successful in finding the proper health-related information they need. Even 

though the internet has boundless potential in telemedicine, there is no standard to 

provide health-related information considering content, access, and application of 

interfaces that could help older adults search for appropriate health related 

information.  
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 Telemedicine has been growing dramatically even though it has been in use 

since the 1970s. Despite research on telemedicine and video conferencing application, 

there has been no research focused on older adults and their characteristics of 

interacting with telemedicine systems. Therefore, telemedicine systems that consider 

the capabilities of older adults should be developed (Rogers et al, 2001). 

 

2.2 Internet-Based Telemedicine Systems 

Internet technology provides an affordable and easily accessible network so 

people can get health information quickly and conveniently (Angood, 2001; 

Ackerman, Filart, Burgess, Lee, & Poropatich, 2010; Abara, Narushima, & Abara, 

2010; Mittman & Cain, 1999). According to Pew Research Center (2010), 79% of US 

adults are internet users, including 66% who have broadband internet connections in 

their home. The internet can help patients by providing them with extensive, high 

quality information (Slattery, 2008).  Internet-based telemedicine allows the elderly 

population to improve and maintain their health, increase independence, and reduce 

costs, all in a timely manner (Hagglund, Shigaki, & McCall, 2008). More and more, 

older adults access health-related information themselves rather than relying on their 

medical care givers due to easier accessibility and availability with the internet 

(Manafo & Wong, 2012). The internet is an inexpensive communicative method 

which allows real-time telemedicine even in rural locations. Internet broadband 

adoption rates are continuously increasing in rural areas. The percentage of internet 

broadband at home in rural areas was only 18% in 2005, 31% in 2007 but has reached 
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50% in 2010 (Pew Research Center, 2008; Pew Research Center, 2010). According to 

Abara et al. (2010), many people in rural areas were interested in searching for health 

information over the internet. In a telemedicine field, any health related data such as 

medication databases, bibliographic records, diagnostic images, and educational 

materials can be easily shared using the internet and applications (Della Mea, 1998).  

             A telemedicine web site can also be also a great solution for people with 

chronic diseases. For example, a telemedicine system helps patients by providing self-

management and decision support with 24/7 data transmission and clinical information 

(Klose, Braecklein, & Nelles, 2009). Also, internet telemedicine is one of the most 

widely used tools to manage health among diabetic patients, providing information on 

how to manage daily care and treat the symptoms (Brown, Lustria, & Rankins, 2007).  

 Health literacy skills are significantly declined in the elderly population over 

the age of 55 years old (Kutner, Greenberg, Jin, Paulsen, & White, 2006). However, 

most existing internet telemedicine applications on the web were designed to focus on 

medical professionals, not patients (Chen, Yu, & Feng, 2001; Slattery, 2008). It is 

crucial and necessary to support older adult users in finding online health information 

so that they can address their overall health and well-being (Manafo & Wong, 2012).  
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2.3 Population Changes with Aging 

The elderly population’s longevity has dramatically increased due to advancing 

healthcare technology, good nutrition, and industrial developments (Moloney, 

Sainfort, Jacko, & Emery, 2005). According to the Administration on Aging under the 

U.S. Department of Health and Human Services (2009), the population over 65 years 

of age numbered 38.9 million in 2008, 12.8% of the total U.S. population. The number 

of elderly has increased by 13.0% since 1998, while the number of people between 45 

and 64 who will reach 65 over the next two decades increased by 31% during this 

same period. It is expected that elderly population over 65 years of age will increase 

from 40 million in 2010 to 55 million in 2020, a 36% increase for the decade. About 

31% of non-institutionalized older adults live by themselves.  

 Aging significantly affects several human abilities which may interfere with 

interacting with a web interface and computer technologies (Chen & Chan, 2011; 

Ziefle, 2011). The elderly tended to have limited capabilities, which were not just 

limited sensation or limited perception, but combinations of sensation and perception 

limitations (Nunes, Silva, & Abrantes, 2010).  These limitations can impede the 

elderly when using internet technology. Furthermore, the elderly tend to be less 

receptive to computer and internet technology than younger adults (Black, 2008; 

Singh, Lutteroth, & Wünsche, 2010). However, the elderly are still willing to learn 

and use internet technology to obtain some benefit (Stronge, Walker, & Rogers, 2001).  

Age related changes that might affect the use of web interfaces fall mainly in 

two categories: physical (biological) and cognitive (perceptual) capabilities. Physical 
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capabilities which change with aging include vision, hearing, and motor skills, while 

cognitive capabilities include memory, attention, and information processing. 

Olfactory, gustatory, and haptic senses were not considered in this study. 

Vision Change with Age.  Vision is the most important sensory system of 

human capabilities for gaining information (Smith & Taveira, 2005). Vision is thus the 

primary human capability directly related to the use of web interfaces. Factors that 

diminish with age were visual acuity, contrast sensitivity, presbyopia, peripheral 

vision, dark adaptation, and sensitivity to glare (Fisk et al., 2009; Nunes et al., 2010). 

In particular, visual acuity, an ability to identify and distinguish spatial details, is 

significantly degraded with age (Charness, 2003). Contrast sensitivity, a capability to 

distinguish a difference in luminance levels, decreases with age as well (Chen & Chan, 

2011). Presbyopia is a degraded capability to focus on a near object due to difficulty in 

changing focal length of the eye (Nunes et al., 2010). After the age of 40, it becomes 

more difficult to focus on near objects and read words, letters, or numbers which 

consequently cause poorer overall vision (Smith & Taveira, 2005). However, with the 

aid of glasses such as bifocals, older adults with presbyopia and myopia can benefit up 

to 20/20 corrected vision. 

             In terms of peripheral vision, older adults tend to have a decreased functional 

field of view, which is the physical area that can be visually processed in one glance 

(Fisk et al., 2009; Nunes et al., 2010). Furthermore, the elderly show slower visual 
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processing and more limited color information processing (Fisk et al., 2009; Scialfa, 

Ho, & Laberge, 2004). 

Motor Skills with Age. With regard to changes in motor skills, human motor 

skills were diminished with age as well (Smith & Taveira, 2005). These changes 

include increased response times, reductions in coordination, and difficulty in 

maintaining continuous movements (Nunes et al., 2010; Fisk et al., 2009). In addition, 

arthritis is very common among the elderly. Arthritis negatively affects the speed and 

accuracy of movements, especially those of the hand and fingers. The elderly were 

more likely to move slowly and less accurately (Nunes et al., 2010).  These changes 

may affect elderly users searching for information on internet systems designed 

without considering those populations for activities, such as unnecessary scrolling-up, 

page down, and double-clicking (Davis & Lafrado, 2003).  

Cognitive Changes with Age. Cognitive changes with aging consist of 

changes in memory, information processing, and attention. The elderly have decreased 

fluid cognitive abilities such as limited capabilities in reasoning, problem solving, 

attentional shifting, forming concepts and conceptual abstraction, and so forth (Chin et 

al., 2009; Queen, Hess, Ennis, Dowd, & Grühn, 2012). Older adults tend to need more 

time to perform a task compared to younger people, as they require more time to learn 

or to adjust and may find it more difficult to understand abstract concepts (De Arriba, 

Díaz, & Pérez, 2008). Memory is a specific mental ability associated with registering 

and storing information in the brain and retrieving it when needed (De Arriba et al., 



Texas Tech University, Young Ji Chun, Dec 2014 

18 

2008; Nunes et al., 2010). It is generally agreed that memory has three stages; sensory 

register, working memory and long term memory. Sensory register perceives 

information in its raw form. This occurs in a very short time, decaying rapidly and 

does not require cognitive processing (Sperling, 1960). Working memory is the active 

capability to temporarily hold information (Fisk et al., 2009).  Working memory is 

short-lived and has limited capacity. Information in working memory disappears 

quickly unless it is rehearsed, with only a few bits of information active at one time 

(Fisk et al., 2009; Nunes et al., 2010). With aging, working memory capacity becomes 

more limited. This degraded working memory can influence the learning process, 

language comprehension, reasoning, and problem solving (Fisk et al., 2009; Satre, 

Knight, & David, 2006). Older adults also tend to process information at a slower rate 

than the younger population due to the limited capacity of working memory and 

slower preprocessing speed (Black, 2008). Older adults were also more likely to make 

errors that reflect the workload on working memory (Seok, 2008).  

Long term memory has an unlimited information storage capacity. Long term 

memory capacity is much larger, the retrieval time is slower, and forgetfulness occurs 

less frequently compared to working memory (Nunes et al, 2010). Previous experience 

and knowledge can be stored in long term memory. The elderly were more likely to 

have memory failure as they get older. They have difficulty retrieving information and 

learning (ISO, 2001). Additionally, they tend to access stored information more slowly 

than younger adults. According to Ziefle (2011), the age related limited memory 

function negatively affects menu navigation in a web interface. According to 
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Lawrence, Meyerson, and Hale (1998), for adult age 60, the visuospatial information 

processing rate declines to 38% and the verbal information processing rate decreases 

to 78% of those of younger adult with age of 20. 

Attention is an outcome of cognitive processes that guides user focus in a 

controlled manner (Grier, Kortum, & Miller, 2007). People can only concentrate on a 

limited number of sources at one time. Attention determines which stimulus we pay 

attention to (Fisk et al, 2009).  Through selective attention, people choose to attend to 

target cues among all the information received from their sensory activity. The elderly 

frequently have difficulty paying attention to or focusing on cues, which may affect 

success of performance. The elderly need more time to change their attention from one 

item to another. In particular, the elderly were more confused when selecting between 

target cues and unimportant cues, when there were distracters (Fisk et al., 2009). 

 

2.4 Elderly Population and Chronic Disease 

Chronic disease represents 60% of all deaths (WHO, 2009). The elderly 

population especially shows a significantly higher prevalence of chronic diseases than 

younger adults. Nearly 75% of US older adults currently have one or more chronic 

diseases (CDC, 2010). In particular, 92% of older adults with chronic diseases live 

alone, and 50% of those are over 75 years old (Alwan, 2008). Chronic care is one of 

the major goals for supporting elderly patients through telemedicine (Alverson et al., 

2008). Chronic diseases require constant care not only by professionals but also by the 
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patients themselves. Timely health information is critical for people with chronic 

diseases to attend their conditions. For example, diabetes is one of the most prevalent 

chronic diseases. According to the CDC (2006), diabetes was the seventh leading 

cause of death in 2006 in the US. Among older adults over 60 years old, 23.1% have 

diabetes, either Type I or Type 2 (American Diabetes Association, 2007). Diabetes 

causes many complications, such as high blood pressure, blindness, heart disease, 

stroke, and nervous system related diseases. Diabetes can be managed and often 

prevented through changes of lifestyle based on proper health information. Internet-

based telemedicine systems can promote and encourage such behavioral change, 

allowing older adults with chronic diseases to improve or maintain their health. 

 

2.5 Medical Knowledge and Health Literacy with Aging 

Increased availability and accessibility to health related information via 

internet and the fast growing demand of older adults for self healthcare have brought 

attention to health literacy skills of people (Manafo & Wong, 2012). Healthy literacy 

is "the degree to which individuals have the capacity to obtain, process, and 

understand basic health information and services needed to make appropriate health 

decisions" (Ratzan & Parker, 2000). Health literacy may be an important factor that 

influences the use of telemedicine systems. Pak, Price, and Thatcher (2009) found that 

people who showed high health literacy performed better in health related tasks on the 

web. There have been several investigations of relationships between health literacy 

and age difference. According to Kutner et al. (2006), older adults experience a 
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dramatic decline of health literacy skills starting beginning at the age of 55 years old. 

In their study, the health literacy skill was measured directly from task completion 

using the tasks developed by NAAL (National Assessment of Adult Literacy) rather 

than relying on subjective response using questionnaires.  

 Chin et al. (2009) used STOFHLA (Short Test of Functional Health Literacy in 

Adults) and REALM (Rapid Estimate of Adult Literacy in Medicine) to measure 

capabilities of understanding medical information. In the context of STOFHLA, older 

adults showed significantly poorer health literacy than younger adults while the results 

from REALM did not show any significant age difference in ability for processing 

health-related concepts or medical knowledge between two age groups. However, 

Chin and Fu (2010) found different results for the relationship between age and 

medical knowledge, finding that older adults had more accurate medical knowledge 

than did younger adults. On the other hand, Pak et al. (2009) investigated health 

literacy with aging with using STOFHLA. They did not identify any significant 

difference in health literacy between younger and older adults. Even though there was  

no concrete relationship between health literacy and aging, older adults may have 

higher health literacy skills since they are more familiar with medical knowledge that 

might ultimately influence performance in the context of health related searching tasks.  
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2.6 Information Search Strategies on the Web  

Age is a critical factor that influences success of information search on the 

web. Since the demands of information processing were closely associated with 

perceptual and cognitive capabilities, older adults tended to show less successful 

performance than younger adults do in web search tasks (Chin et al., 2009; Stronge et 

al., 2006).  

 According to Johnson (1990), older adults tended to use less information and 

needed more time viewing information in computer accessed data compared to 

younger adults. He also found that older adults were more likely to use a non-

compensatory search strategy (attribute-based search) which was a less effective 

search strategy but requires fewer cognitive resources. With a non-compensatory 

search, alternatives may be eliminated after an incomplete search, and people chose a 

target based on presence or absence of value rather considering all the information 

related to alternatives. On the other hand, younger adults tended to use a compensatory 

search rule that information can be calculated by summing, weighing, or averaging for 

each alternative so a low value on one attribute may be compensated for when 

calculated in decision making. 

 In the study of Stronge et al. (2006), older adults were less successful in 

finding targets as compared to younger adults. They indicated that these age 

differences on searching task performance were because of the ineffective search 

strategies of older adults. However, they did not find any significant differences 

between older and younger adults in finding correct targets in health related search 
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tasks. They only demonstrated that older adults took more time to complete the tasks 

than did younger adults. 

 Chin and his colleagues (2009) found that older adults showed poorer 

searching performance on the web than younger adults for well-defined health related 

tasks which required users to find specific targets containing health information. They 

also found that age affected the adoption of search strategies. Older adults tended to 

focus on specific parts of the interface. Younger adults tended to use more bottom-up 

search strategies while the elderly tended to integrate their own knowledge and 

information from the website. Chin and Fu (2010) found that older adults clicked less 

on links and spent more time on the pages deciding which link should be clicked for 

completing health-related tasks. Older adults tended to use the same method across 

different interfaces while younger adults adopted search strategies that depended on 

interface characteristics. Furthermore, younger adults more browsed sub-menus under 

the same category before moving to another category.           

 Pak et al. (2009) investigated the effect of two types of interface design 

(hierarchy-based vs. tags/keywords-based) and age difference on successful access to 

online health information. They found that older adults significantly made more clicks 

in the hierarchical condition while there was no difference between two age groups in 

the tag-based condition. Older adults performed better in the tag-based condition 

compared to the hierarchical condition for search. In contrast, Queen et al. (2012) did 

not find any significant difference in search strategy use due to the age differences. 
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They only found that the elderly took more time to search and spent more time on one 

page.    

 Even though there are studies regarding web information search strategies of 

the elderly, there is only limited understanding provide concrete explanation (Stronge 

et al., 2006).  Most studies were based on the sequence of clicks not on the actual 

information processing with attention shifts with eye movements. It is not yet clearly 

understood that how age affects information search strategies and search performance 

on the web, especially on health related web interfaces (Chin et al., 2009).   

 

2.7 Eye-Tracking  

Eye movement is a useful indicator of how people acquire information, the 

location of attention, and when attention is shifting from one point to another (Wang, 

2011). Eye movements are closely associated with cognitive processes and behavioral 

choices. It is possible to monitor visual information processes including accessing, 

searching, and processing visual information by investigating patterns of eye 

movements using factors such as the tempo, amplitude,  duration, frequency, and 

scanning pathways (Kühberger, Schulte-Mecklenbeck, & Ranyard, 2011). 

 Human alternates saccades and fixations. Saccades are voluntary, reflexive, 

and very rapid eye movements, which last only for 10 to 40-50 milliseconds (ms) an 

mostly less than 15° in size. During saccadic eye movements, people can keep a target 

of interest on the fovea by repositioning to a new region. However, during saccades 



Texas Tech University, Young Ji Chun, Dec 2014 

25 

we cannot fully attend to a particular target (Duchowski, 2007; Grier at al., 2007; 

Lorigo et al., 2008; Russo, 2011). On the other hand, fixations are relatively long, 

steady, and stable eye movements, which last from 150 ms up to 600 ms. During 

fixations, the eyes fixate a target of interest for certain period time. The foveal image 

of the target, gained through visual attention, can be transformed into information 

through cognitive information processing. Visual information during eye movement is 

mostly perceived only during fixations, not saccades. Therefore, visual attention can 

be tracked based on patterns of fixations (Buscher, Cutrell, & Morris, 2009).   

            It is generally assumed that there is little or no information obtained during 

saccadic eye movement with a capacity of up to 3 - 4 single features during each 

saccade (Irwin, 1992). Therefore, fixations are used primary as an index of visual 

attention and information processing in the eye-tracking system (Lorigo et al., 2008; 

Russo, 2011). Even though the linkage between attention and eye movement may be 

not always be synchronized, it is generally assumed the paths of attention match with 

the scanpath, which is the path of eye movement (Duchowski, 2007).    

 An eye-tracking system is a direct method for measuring user visual attention 

and helps to analyze user behaviors during visual activities (Hoffman, 1998; Cutrell & 

Guan, 2007; Lorigo et al., 2008; Romano, 2010). An eye-tracking system records user 

eye movement data about where they are looking at any given moment (Chang, 2010). 

An eye-tracking system offers both qualitative and quantitative data, allowing the 
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recording of the following basic measures (Rayner & Liversedge, 2004; Duchowski, 

2007; Lorigo et al., 2008): 

 1) Heatmap – determines which items (areas) are viewed the most and the least on a 

web page.   

2) Elapsed time to first look – time taken to look at a first target for completing a 

given task. It allows the identification of the level of visual salience of the target 

which catches a user's attention. 

 3) Fixation rate – eye fixation per second. Calculation of how quickly users move 

their visual attention from one point to another at any instant. It should be 

approximately the inverse of fixation duration. 

4) Fixation duration mean – the average time of how long users gaze at a target or 

area. Longer fixation duration indicates that more cognitive effort is required (Rayner 

& Liversedge, 2004; Alves, Pagano, & Silva, 2010; Sjørup, 2010). 

5) Number of fixations –measure of how often users look at an interface component. 

According to Goldberg and Kotval (1998), the number of fixations is negatively 

correlated with search efficiency. A greater number of fixations indicates less efficient 

search, possibly resulting from poor interface design. The number of fixations is also 

related to cognitive demand as more fixations are required during greater cognitive 

workload (Chang, 2010). 
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6) Scanpath (sequence of fixations) – indicates the sequence of user eye movements. 

In other words, scanpath provides a detailed trace of the information viewed. 

Therefore, we can examine whether users follow an optimal pathway (the shortest path) 

to complete tasks or not. If not, it also allows us to identify what has led to choosing 

the incorrect pathways. 

7) Area of interest (AOI) – is used to determine which area of the  interface users 

attend, measuring the level of attention of users and their preferences (Djamasbi, 

Tullis, Hsu, Mazuera, Osberg, & Bosch, 2007). Therefore, each page of a web 

interface was divided into several regions based on interface content or grouping. 

8) Gaze % per AOI – provides information of the proportion of overall user time spent 

in each area. It reflects the importance of a particular AOI. 

9) Number of fixations per AOI – provides information on how often users looked at 

each AOI. The more important AOIs tend to be fixated on more frequently.  

10) Gaze duration per AOI – is the sum of all fixations on an AOI, which indicates the 

time users spent on each area (Rayner & Liversedge, 2004). Longer gaze duration 

generally reflects more difficulty in extracting information from that component.  
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2.8 Eye-Tracking Studies 

Usability studies on websites that used an eye-tracking system, have mainly 

focused on web search engines, web library system, or commercial websites, but not 

on health related websites. Furthermore, only a few studies have compared age-related 

differences in web performance using an eye-tracking method.  

 Tullis (2007) conducted an eye-tracking study with ten older adults over 50 

years and ten younger adults to identify behavioral differences in scanning on an 

employee benefit web system. The older adults needed 42% more time to look at 

content, 51% more time to navigate, and looked at more areas on the web page. It was 

also found that older adults spent more time with the left and the top navigation menu 

areas than did the younger adults. 

Romano’s (2010) results differed from Tullis. Romano investigated the 

differences in web performance between older adults and younger adults using an eye-

tracking system. He found that the younger adult group performed faster than the 

elderly group. However, significant differences in accuracy of performance and 

satisfaction were not found. In addition, there was no significant difference in number 

of fixations between older adults and younger adults even though the younger adult 

group looked at the targets and navigation bars more quickly than did the older adult 

group.  
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CHAPTER III 

TASK ANALYSIS AND PILOT STUDY 

3.1 Target Website 

The My HealtheVet website was chosen as a target website 

(https://www.myhealth.va.gov). The My HealtheVet is an award–winning internet-

based telemedicine system, operated by the US government, Department of Veterans 

Affairs. My HealtheVet is one of the most well developed, widely used telemedicine 

systems, and cooperates with medical facilities across the US, providing health 

information and medical services. My HealtheVet is available anytime and anywhere 

there is internet access. 

With My HealtheVet, users can access nine healthy living centers, disease + 

conditions centers, mental health information, health/medical information, information 

on benefits and services, local events and activities, personal health journals, vitals 

tracking and graphing, military health history, and activity/food journals (My 

HealtheVet, 2011, Figure 3.1). In the future people will be able to communicate 

electronically with health care providers through secure messaging, get appointment 

reminders and view appointments, and view lab results (My HealtheVet, 2011). 
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Figure 3.1 Target website interface 

 

3.2 Task Analysis  

The Hierarchical Task Analysis (HTA, Appendix A) was used to identify the 

overall structure of the website including various goals and functions carried out to 

meet system demands and to select proper tasks that need to be performed for the sub-

goals and the functions for this study. Based on the HTA including the overall 

structure of the website, main functions, and the sub-functions, potential tasks for the 

experiment of this study were identified. The tasks directly related to users own health, 

health record, and medical care and at least one task each from the main function 

category were selected as the experiment tasks. In addition, the optimal paths of each 

task were determined that represent the shortest paths to successfully carry out the task. 

Second, Human Failure Modes and Effects Analysis (HFMEA, Appendix B) 

was conducted to examine possible human performance problems (errors) that may 
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arise at each sub-task to get broad views to solve those potential problems (Kirwan & 

Ainsworth, 1992). Additionally, perceptual and cognitive activities related to system 

demands were identified from an interface related perspective as well. Lists of the 

potential performance problems (errors) were  made first and the related perceptual 

and cognitive activities (system demand) were identified. Then, potential interface 

factors of the error causes were identified as well to be referred in the later stage for 

developing a new interface based on error types found in actual experiments.   

 

 

3.3 Pilot Study 

A pilot study was conducted to determine if the selected variables were 

appropriate for the study, to check if the eye-tracking system was properly working, to 

get insights about optimal testing procedures and questionnaires, and to identify any 

problems that might arise during actual experiments.  

 

3.3.1 Measures  

A total of seven dependent variables were selected in the pilot study. To 

identify the characteristics of user visual behavior, elapsed time to find the first correct 

target on homepage to follow the optimal path, heatmap which depicts areas viewed 

by user using different colors on a page, and scanpath that shows a sequence of gaze 

points were selected. To measure user performance and satisfaction, task completion 

rate, task completion time, number of errors, and satisfaction rating were chosen. 
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3.3.2 Subjects 

The data of a total of sixteen subjects, ten younger adults and six older adults 

were analyzed in the pilot study since the results of the other four older participants 

were not usable. The average age of the younger group was 27.6 years old (SD = 3.10, 

range between 24 and 33 years old) and that of the older adult group was 61.3 years 

old (SD = 6.95, range between 54 and 73 years old), respectively. The younger group 

had seven male and three female participants and the older adult group had three male 

and three female subjects. All participants had web browsing experience and had basic 

internet skills. None of the participant had any disability that would affect the 

experiment results. 

 

3.3.3 Specification of Tasks  

One practice task and eight actual tasks were given. Practice task was to Log-

In to the website and the actual eight study tasks were; 

 Task 1. Find a facility near me 

 Task 2. Enter the date of your previous allergy history 

 Task 3. Find the phone number of your health care provider (physician) 

 Task 4. Find your previous blood pressure 

 Task 5. View your previous medications information 

 Task 6. Find information for healthy eating 

 Task 7. Find common symptoms of Diabetes Type 2 

 Task 8. Launch the health information radio about National Institute of Health 

(NIH) 
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3.3.4 Data Analysis 

The data collected were analyzed using IBM SPSS statistics version 20 

software. ANOVA was performed with Alpha set at 0.05. Normality and fit 

assumptions were tested before the data analysis. 

 

3.3.5 Results  

Some invalid eye-tracking data were collected. Six invalid data sets out of 80 

(ten participants * eight tasks) were found in the younger adult group and 12 invalid 

data sets out of 48 (six participants * eight tasks) in the older adult group. Older adults 

tended to have difficulty in holding their position for more than an hour so they moved 

their head and torso out of the calibration range than did the younger adult 

participants. Therefore, there were not enough data collected from older adult 

participants to evaluate differences in eye movement measures between the two age 

groups. All participant data for task completion rate, task completion time, the number 

of errors, and satisfaction results were successfully collected.  

Elapsed Time to Find Correct Target on Homepage to Optimal Path. 

Overall elapsed time to find first correct target by following an optimal path across all 

eight tasks of the younger group was 26.62 seconds while the older adult group took 

28.99 seconds. The difference between two age groups was not statistically significant 

(P < 0.353).  
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Heatmap. Compared to the younger adult group, the older adult group tended 

to gaze on one or two regions of the pages. Younger adults tended to look at broad 

range of areas of the page to find information they need, as compared to the older 

adults, who were more likely to focus and stay on only one or two parts. They tended 

to gaze at particular parts even when they could not find the information they needed 

to proceed to the next step. 

Scanpath. The younger adult group tended to jump their gaze from one point 

to another to find the information they were looking for, while the older adults tended 

to process from the left to the right at the top of the pages, or from the top to the 

bottom on the right side of the pages. 

Task Completion Rate. Overall task completion rate across all the eight tasks 

of the younger group was 80.0% while the older adult group had a 64.6% task 

completion rate. However, the difference was not significant (p < 0.073).  

Task Completion Time. There was a significant difference in task completion 

time between the two groups (p < 0.048). Overall task completion time was 71.85 

seconds for the younger group and 80.11 seconds for the older adult group. The 

younger adults showed a significantly shorter time than the older adult group did for 

Task 1 (69.3 sec vs. 138.0 sec), task 2 (90.9 sec vs. 116.0 sec), task 5 (62.4 sec vs. 

91.3 sec), task 6 (71.2 sec vs. 84.8 sec), and task 7 (91.7 sec vs. 114.0 sec).  

Number of Errors. The difference in the number of errors between two age 

groups was statistically significant (p < 0.003). Overall average number of errors for 
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the younger adult group was 3.59, and that of the older adult group was 2.55, 

respectively. The younger adult group made a greater number of errors that may be 

due to the younger adults’ tendency to click a link to proceed to a next page using 

faster information processing and decision making process than did the older adult 

group even though in many cases those decisions were not on optimal paths. The older 

adults were more likely to stay longer on one web page until they were quite sure 

about their choice. This result might be due to the speed-accuracy tradeoff. To reduce 

any effects from it, it was clearly instructed participants to focus both speed and 

accuracy in the actual experiment. 

Satisfaction. No statistically significant difference in satisfaction using Lewis’ 

after-scenario questionnaire (ASQ) to measure task satisfaction and Lewis’ post-study 

questionnaire to measure overall system. The satisfaction scores did not differ in task 

satisfaction (p < 0.949) and system satisfaction (p < 0.603) between the two groups. 

 

3.3.6   Changes in Experiment based on the Pilot Study  

After analyzing the pilot test data, gaze percentage on each AOI, number of 

fixation points, and percentage of success of scanning the correct target on the 

homepage was added as dependent variables to obtain quantitative eye-tracking data 

for overall visual behavior of users. Search strategies and error types were also added 

which can be identified through scanpath. 
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Even though no significant difference was found in “satisfaction”, this measure 

was kept to investigate with a larger number of subjects. Lewis’ post-study 

questionnaire was dropped due to its large number of questions. Instead, the modified 

System Usability Scale (SUS) was selected because of its high reliability value and 

comparatively lower number of questions. Task 2 was modified from entering 

information to searching the existing information, and Task 7 was eliminated since it 

had various ambiguous optimal paths.  
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CHAPTER IV 

RESEARCH METHODOLOGY 

This study conducted two experiments. In the first experiment, the data were 

collected as 20 older adults and 19 younger adults used the original interface. In the 

second experiment, a second group of 20 older adults used the newly developed 

interface that was modified in accordance with the findings from Study I.  

 

4.1 Participants  

For the first experiment, there were two different groups based on age: an older 

group and younger group. Twenty older adults (mean = 60.8 years, SD = 4.17) and 19 

younger adults (mean = 25.2 years, SD = 4.57) participated. While various researchers 

vary in how they define the elderly population as over 50, 55, or 65 years old, the age 

of 55 was selected for this study. According to Weijters and Geuens (2006), the age of 

55 is widely accepted as a cutoff point for the elderly population.  

Based on the ANOVA, there was no significant difference in education level 

that both groups were various degree holders of "high school (category 1)", “some 

college (category 2)", "associate degree (category 3)", "bachelor's (category 4)", 

master's (category 5)" and Ph.D. (category 6), corrected vision was 20/40 or better for 

all, and no one had physical or cognitive disabilities that might affect the experiments 

(Table 4.1). Every participant fit in the “adequate functional health literacy” group in 

the STOFHLA test. There was a significant difference in subjectively perceived 
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internet skills between the two groups that more adults considered themselves as 

"novice (category 1)" or "average (category 2)" while more of younger adults 

considered them as "experts (category 3)" (1.90 vs. 2.37, p < 0.010). However, there 

was no difference in actual internet usage such as years of use and how often used 

collected by the internet questionnaire where both groups showed more than 5 years 

average experience and the average usage of more than 11 hours per week . Monetary 

compensation, $20 in cash, was given for participation.  

 

Table 4.1 Demographics by age group in Study I 

 

Mean 
(SD) of 
Older 
Group 

Mean 
(SD) of 

Younger 
Group 

Sum of 
Squares 

df F P-Value 

Education 
3.50 

(1.235) 
2.95 

(1.177) 
2.976 1 2.041 .162 

Corrected vision 1 1 - - All 20/40   or better 

Subjective internet skill 
1.90 

(.308) 
2.37 

(.496) 
2.138 1 12.715 .010 

Actual internet usage 
(hour/week) 

4.70 
(1.418) 

5.0 
(1.106) 

.887 1 .539 .467 

Actual internet usage (How 
long) 

4.90 
(.308) 

5.0 
(.000) 

.097 1 2.003 .165 

Actual internet usage (Usage 
Change) 

1.55 
(.686) 

1.53 
(.612) 

.005 1 .013 .910 

Actual internet usage (Primary 
method to learn the internet) 

1.35 
(1.089) 

1.16 
(.688) 

.360 1 .428 .517 

STOFHLA categories 3 3 - - 
All adequate functional 

health literacy 

 

In the second experiment, a second group of 20 older adults over 55 years of 

age participated using a newly modified interface of the internet-based telemedicine 

system. For the analysis, the older adults’ data from the first experiment were 

compared to the ones from the second experiment. Therefore, twenty older adults used 
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the currently existing telemedicine web interface, and the other 20 older adults used 

the newly modified interface. The average age of the first older adult group with the 

original interface was 60.8 (SD = 4.17), and that of the second group with the new 

interface was 61.1 years old (SD = 4.57). No difference was found in education level, 

corrected vision (all 20/40 or better), and health literacy level between the groups, and 

none of the participants had any physical or cognitive disability that might affect the 

experiment. There was neither a significant difference in subjectively perceived 

internet skill nor in actual internet usage (Table 4.2). Of those who participated, four 

in the first group and eight in the second group of older adults used bifocals, and none 

of their eye-tracking data showed different eye movements due to the condition 

(bifocal category 1 and non-bifocal category 2). All participants were compensated.  

 

Table 4.2 Demographics of the older adult groups in Study II 

 
Mean (SD) 

of First 
Group 

Mean (SD) 
of Second 

Group 

Sum of 
Squares 

Df F P-Value 

Education 
3.50 

(1.235) 
3.75 
(1.409) 

.625 1 .356 .554 

Corrected vision 1 1 - - All 20/40 or better 

Subjective internet skill 1.90 (.308) 1.90 (.308) 2.220E-015 1 .000 1.000 

Actual internet usage 
(hour/week) 

4.70 
(1.418) 

4.65 
(1.268) 

.025 1 .014 .907 

Actual internet usage 
(How long) 

4.90 (.308) 4.85 (.489) .025 1 .150 .701 

Actual internet usage 
(Usage Change) 

1.55 (.686) 1.50 (.513) .025 1 .068 .796 

Actual internet usage 
(Primary method to learn 
the internet) 

1.35 
(1.089) 

1.40 (.995) .025 1 .023 .880 

STOFHLA categories 3 3 - - 
All adequate functional 

health literacy 

Bifocals 1.80 (.503) 1.60 (.430) .025 1 1.656 .206 
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4.2 Apparatus 

 The experimental set up consisted of two stations, the participant station and 

the operator station, separated by a one-way glass window. The participant station was 

made up of a Dell Precision 390 with Intel Core 2 Duo processor computer with a Dell 

M-BAC-Dell5 mouse and a Dell SK8110 Keyboard, an ASUS VW198 monitor screen 

running Microsoft Windows 7 professional operating system. A non-intrusive, built-in, 

eye-tracking recording system, ASL Desktop Optics D6 (Figure 4.1) that did not 

require participants to wear any equipment was used (Figure 4.2). The components for 

the operator station included an ASL Eye-Trac 6 Control Unit (Figure 4.3), ASL 

Eyetracker control PC with Intel Premium Dual Core processor, a Dell M-BAC-Dell5 

mouse, a Dell SK8110 Keyboard, an ASUS VW198 monitor screen, and a Microsoft 

Window XP professional operating system with Eyetellect GazeTracker 9.0 software 

(Figure 4.4). The internet network infrastructure shared a T1connection with Internet 

Explorer version 9 used for access to the target website for both stations. 
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Figure 4.1 ASL Desktop Optics D6 

 

 
 

 

Figure 4.2 Participant station 
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Figure 4.3 ASL Eye-Trac 6 control unit 
 

 

 

Figure 4.4 Operator station 
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4.3 Tasks and Areas of Interest 

Based on both the task analysis and the pilot test explained in Chapter III, 

seven well-defined information searching tasks were selected. Before starting the 

actual tasks, one practice trial task, log-in to the website, was given. The actual study 

tasks were: 

 Task 1. Find a facility near you 

 Task 2. View the date of your previous allergy history 

 Task 3. Find the phone number of your health care provider (physician) 

 Task 4. Find your previous blood pressure 

 Task 5. View your previous medications information 

 Task 6. Find information for healthy eating 

 Task 7. Launch the 24-hours National Institute of Health (NIH) health 

information radio 

 

 

In terms of Areas of Interest (AOIs), three areas of interest were determined 

based on the menu layer groups on the homepage that led to the optimal path to find 

information. The first was ‘Main Menu’ horizontally located on the upper edge of the 

homepage (A on Figure 4.5). The second was ‘Top Menu’, horizontally located on the 

top right edge of the homepage, directly above the Main menu (B on Figure 4.5). The 

third was ‘Right Vertical Menu’, vertically located on the right side of the homepage 

(C on Figure 4.5). All the other areas were classified as the ‘Remaining Area’. 
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Figure 4.5 AOIs on the homepage 

 

4.4 Measures 

For the first experiment, age was selected as an independent variable with two 

levels (older and younger). Dependent variables were: 1) elapsed time to look at the 

correct target on the homepage, 2) percentage of success for finding the homepage 

target, 3) gaze percentage on each Area of Interest (AOI), 4) number of fixation 

points, 5) fixation duration mean, 6) number of errors, and 7) scanpath. Search 

strategies, visual behavior, and type of errors were identified using the scanpath. An 

optimal path for each task was determined, as represented by the shortest sequence 

needed for task completion. 

For the second experiment, the website interface was selected as an 

independent variable with two levels (original interface vs. new interface). A total of 

A 

B 

C 
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eleven variables were chosen as dependent variables: 1) elapsed time to look at the 

correct target on homepage, 2) percentage of success for finding the homepage target, 

3) gaze percentage on AOIs, 4) number of fixation points, 5) fixation duration mean, 6) 

percentage of success of scanning the correct target on homepage, 7) the number of 

errors, and in addition to the dependent variables of Study I,  8) task completion rate, 9) 

task completion time, 10) ASQ satisfaction rating scores, and 11) SUS satisfaction 

rating scores. 

 

4.4.1 Elapsed Time to Look at the Homepage Target 

Elapsed time to look at the homepage target was measured based on time taken 

to look at the correct target on the homepage after starting a given task to follow the 

optimal paths. The elapsed time showed how quickly people pay attention to a correct 

target on a homepage or how quickly a target catches the user's attention. Time began 

to be recorded when the participants started the given task after they fully understood 

the task scenarios and gave the operator a ready sign. Time continued to be recorded 

to the point when the participant's gaze first landed at the target on the homepage. 

 

4.4.2 Rate of Success for Finding the Homepage Target 

Rate of success for finding the homepage target refers to the rate of accurately 

scanning the correct target on the homepage. This does not necessarily mean that users 

consider it as a correct target and click it. Even after user’s gaze lands on a target, they 

may possibly ignore it if they think that target was an incorrect one. These gaze 
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landings were still counted as a successful scanning where 1 (100%) was given. When 

a participant did not gaze at the target at all, 0 (0%) was given.  This number shows 

how often the target cue on the homepage eventually caught the user's attention. 

 

4.4.3 Gaze Percentage on the Selected AOIs 

The gaze percentage was defined as the proportion of overall gaze time spent 

on each selected AOI on the homepage, and was used to investigate whether users pay 

more attention to the selected areas that contain relevant information for completing 

the given tasks.  

Gaze % on Area A = time spent on Area A / total time spent on the homepage 

Gaze % on Area B = time spent on Area B / total time spent on the homepage 

Gaze % on Area C = time spent on Area C / total time spent on the homepage 

Gaze % on Remaining Area = (total time spent on the homepage - time spent on 

         Area A, B, and C) / total time spent on the homepage 

 

4.4.4 Number of Fixation Points 

The number of fixation points measured how many times users looked at the 

interface to complete a given task. This number is correlated to search efficiency as 

well as cognitive demands. More fixations are required when there are greater 

cognitive workloads or less efficient searches. 
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4.4.5 Fixation Duration Mean 

The fixation duration mean was defined as the average amount of time that 

users spent gazing at areas on a page. Longer fixation duration indicates that more 

cognitive effort is required to find a target. 

Fixation duration mean = task completion time / total # of fixation 

 

4.4.6 Number of Errors 

Error is the direct measure of accuracy — one of the most common indicators 

used to evaluate web performance. Number of errors were defined as the number of 

incorrect clicks that were out of the optimal path. When the participant clicked a link 

and proceeded to a next page that did not follow the optimal path, this action was 

counted as an error.  

# of Error = total # of clicks the participant made - the # of clicks for optimal path  

 

4.4.7 Search Strategy  

The search strategy is a systematic visual process used to find the specific 

target or relevant information. This strategy explains how people actually acquire 

information on the web, how people move their attention from one point to another to 

find a target by showing a detailed trace of the information or items viewed based on 

the sequence of user eye movements. In this study search strategies were measured 

based on scanpath data.  
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4.4.8 Heatmap 

The heatmap is a qualitative continuum graphical representation of visual data 

using a color scale moving from green to red showing in a image format. These colors 

are based on the viewing exposure on the screen, which parts of a page the participant 

concentrated their gaze, and how long they viewed. A red colored spot on a page 

indicates that a participant focused on this part for a longer period of time compared to 

yellow or green spots. The heatmap was chosen to visualize which areas on a webpage 

were used the most and the least to find the target information so how much users' 

visual attentions are spread out  on a page can be displayed at once. Based on a 

heapmap, it is possible to examine which menu areas or items are focused more or less. 

An example is shown below (Figure 4.6). 

 

 

Figure 4.6 Example heatmap 
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4.4.9 Task Completion Rate 

The task completion of each individual was based on the success in finding the 

target information in each task, 1 (100%) or 0 (0%) were given where 1 indicated 

successful task completion while 0 indicated task failure. Then, the overall percentage 

for each task was calculated based on scores of each individual. Task completion rate 

is one of the most widely used measures to evaluate effectiveness of a system. 

 

4.4.10 Task Completion Time 

Task completion time was defined as the total amount of time taken to 

complete a given task. This is one of the most fundamental metrics of usability for 

speed and represents efficiency of the system. The task completion time was measured 

from the point when the participants started the given task to the point when they 

clicked the target information. 

 

4.4.11 Satisfaction 

Satisfaction was measured by self-reported survey questionnaires with a rating 

scale. It  measured users’ subjective impressions about the web system and how much 

they like or are satisfied with it in terms of easiness, time taken, support information, 

ease of learning, consistency, complexity, integration, awkwardness, and confidence. 
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4.5 Procedure and Data Collection  

Participants performed the previously described seven tasks after their practice 

trial. The practice trial allowed the participants to become familiar with the target 

website. An ID number was issued to each participant indicating the experiment run 

order for each of them. To minimize the influence of order, tasks were randomized 

using a random number generator.  

All required forms were prepared in advance, i.e. consent form, demographic 

survey, modified self-report questionnaire, SMMSE (Short version of Mini Mental 

State Examination by Haubois et al., 2011), STOFHLA (Short Test of Functional 

Health Literacy in Adults by Parker et al., 1995), internet questionnaire (Center for 

Research and Education on Aging and Technology Enhancement, 2006), ASQ (After 

Scenario Questionnaire developed by Lewis, 1991), modified SUS (modified System 

Usability Scale by Bangor et al., 2008), observation form, and task scenarios. When 

participants arrived for the experiment, the objectives of the study and the purpose of 

the website were briefly explained to the participants. The subjects were informed that 

their names would be kept confidential and all data would be used anonymously. The 

procedure and instruction for performing the given tasks was explained to the 

participants. The participants then signed the consent form and filled out the required 

questionnaires.  

Demographic data included age, gender, race, language, education level, 

vision, physical limitations and disabilities. For internet skills, subjectively perceived 

level of internet skill, internet usage per week, years of internet use, change of internet 
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usage, primary method used to learn the internet, and 11 sub questions were measured. 

The modified self-report questionnaire, used in the study of DeLucia et al. (2003), was 

utilized to identify vision and motor-response problems. STOFHLA was selected to 

identify functional health literacy level in adults. For user satisfaction, ASQ and 

modified SUS were chosen because of their ease of use and high reliability scores. The 

ASQ has a reliability value of 0.93 and contains three questions using a seven-point 

rating scale about satisfaction that deals with the ease, amount of time, and support 

information for completing a task. A score of 1 indicates strong satisfaction and a 

score of 7 indicates strong dissatisfaction. The SUS questionnaire showed 0.911 

reliability value and has ten questions with a five-point rating scale. 

Participants were allowed to adjust their sitting position including chair height 

and distance from the monitor. After that, the eye-tracking system was calibrated. 

Once the calibration process was completed, the task description, the practice trial task, 

and then seven tasks in random order were given in sequence. Each task was described 

by a scenario, and participants followed the scenario to complete the tasks. After each 

task, the participants rated their satisfaction by answering the questions of the ASQ. 

After all seven tasks were finished they completed the modified SUS questionnaire to 

express overall satisfaction. 

Eye-tracking data included quantitative eye movement data, heatmap, video 

recordings of the screen overlaid with eye movements indicated by a sequence of red 

crosses, elapsed time needed to look at the correct target on the homepage, gaze 
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percentage of time fixated on each AOI, number of fixation points, and scanpath. For 

fixation data, the size of fixations on the screen was set at 40 pixels, and the fovea was 

approximately 2° of visual angle at the distance of 25 inches from the screen. The task 

completion rate, number of errors, and type of errors were transformed by reviewing 

the video recordings. Time recording started when participants started a given task 

after they fully understood the task scenario and gave the operator a sign of readiness. 

The experiment procedures were applied similarly across all the participants to 

eliminate confounding effects, and a break was provided if needed. All experimental 

procedures and materials were approved by the Texas Tech University Protection of 

Human Subjects Committee. 

 

4.6 Data Analysis 

Both studies were between-subject experiments with a two-group single factor 

design. The IBM SPSS statistics version 20 software was used for data analyses. 

MANOVA was performed using a multivariate General Linear Model analysis. Before 

the analysis, homogeneity tests, residual plots, and lack of fit tests were performed to 

examine if normality and fit assumptions were satisfied. Significance level was set at 

0.05 and confidence intervals were set at 95%. When there were data that did not fit in 

the normality line, transformations were applied using an arithmetic log function and 

MANOVAs were run after satisfying normality assumption. When transformed data 

still did not satisfy the normality assumption, a nonparametric Kruskal-Wallis test was 
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performed a powerful technique to detect differences between groups with non-normal 

distributions.    

 Recurrence Plots (RPs, Figure 4.7) were used to identify information search 

strategies. RP is a two-dimensional representation of data used to measure time 

constancy for nonlinear data dynamics that are instantly apparent whether a system is 

periodic or chaotic (Eckmann, Kamphorst, & Ruelle, 1987). Eckmann et al. (1987) 

stated that “… recurrence plots are rather easily obtained aids for the diagnosis of 

dynamical systems. They display important and easily interpretable information about 

time scales which are otherwise rather inaccessible” (p. 976). 

 RPs reveal temporal dynamics of data without making assumptions about its 

statistical nature. RPs were used to visually characterize search scanning sequences 

and quantify apparent patterns by using arrays of dots in an N x N square in time order. 

Since the number of scanpath sequences was not large enough to allow for calculation, 

no equation was generated for this experiment.   
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Time 
(Sec.) Area A A B B C C D C C B A B C C 

0.667 A 
              

1.000 A 
              

1.333 B 
              

1.677 B 
              

2.000 C 
              

2.333 C 
              

2.677 D 
              

3.000 C 
              

3.333 C 
              

3.667 B 
              

4.000 A 
              

4.333 B 
              

4.667 C 
              

5.000 C 
              

Figure 4.7 Example Recurrence Plot  
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CHAPTER V 

RESULTS AND DISCUSSIONS OF STUDY I 

5.1 General Results 

The dependent variables, elapsed time to look at the first correct target on the 

homepage, percentage of success of scanning the correct target on the homepage, gaze 

percentage on AOIs, number of fixation points, and number of errors were analyzed 

and compared between the two age groups. Through analyzing the scanpath data, 

search strategies and visual behaviors including type of error were also examined. The 

degrees of freedom for the statistics model were all 1 and for the error were 37 in 

Study I. 

 

5.1.1 Elapsed Time to Look at the Homepage Target  

The data of number of errors did not satisfy the normality assumption for 

MANOVA so a log transformation was applied to satisfy the normality assumption. 

The original data are shown in Table 5.1. Average elapsed time to look at the correct 

target across the seven tasks was statistically different between older adults and 

younger adults (p < 0.001). The older adults took 67.65 seconds (SD = 30.73), while 

the younger adults took 38.24 seconds (SD = 12.95) to place their gaze on the correct 

target on the homepage. More younger adults found the correct targets immediately 

after starting the tasks, with their fixations first landing on the homepage targets, than 

did the older adults (Figure 5.1). The older group showed significantly longer elapsed 

time to look at the correct target than did the younger group when performing Task 1 
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(80.10 vs. 19.74 seconds, p < 0.004), Task 2 (65.20 vs., 21.95 seconds, p < 0.016), and 

Task 5 (33.45 vs. 11.74 seconds, p < 0.022).  

 

Table 5.1 Elapsed time to look at the homepage target [mean (SD)] 

 
Mean of Older 

Group 

Mean of Younger 

Group 

Mean 

Squares 

Error Mean 

Square 
F P-Value 

Overall 67.650 (30.729) 38.241 (12.954) 8427.355 566.545 14.875 .001 

Task 1 80.10 (81.950) 19.74 (26.816) 35502.823 3798.473 9.347 .004 

Task 2 65.20 (71.254) 21.95 (23.241) 18228.212 2869.950 6.351 .016 

Task 3 65.00 (77.072) 29.42 (34.339) 12334.035 3623.963 3.403 .073 

Task 4 30.40 (39.512) 11.63 (16.334) 3432.215 931.492 3.685 .063 

Task 5 33.45 (38.100) 11.74 (11.110) 4593.725 805.477 5.703 .022 

Task 6 45.15 (59.379) 18.05 (38.279) 7154.400 2523.446 2.835 .101 

Task 7 154.25 (75.058) 155.16 (68.003) 8.031 5142.710 .002 .969 

 

Figure 5.1 Elapsed time to look at homepage target (Age) 
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5.1.2 Rate of Success for finding the Homepage Target  

A significant difference was found in the rate of success infinding the correct 

homepage target between two age groups (p < 0.008, Table 5.2). Overall, the younger 

adults showed a higher percentage of scanning success (Figure 5.2). The younger 

adults showed successful scanning 90.98% of the time while the older adults 

successfully scanned the correct targets 81.43% of the time (p < 0.008). Other than 

task 7, the percentage of success of scanning the correct target on the homepage for 

the younger adult group was 100.00%. For Task 7, 36.84% of the younger adults 

succeeded to find the correct target on the homepage. The older adults showed 

successful scanning rate of 75.00% in Task 1, 95.00% in Task 2, 80.00% in Task 3, 

100.00% in Task 4 and Task 5, 90.00% in Task 6, and 30.00% in Task 7. 

 

Table 5.2 Age effects on rate of success for finding the homepage target [mean (SD)] 

 
Mean of Older 

Group 
Mean of 

Younger Group 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Overall .8143 (.1319) .9098 (.0708) .089 .011 7.811 .008 

Task 1 .7500 (.4443) 1.000 (.0000) .609 .101 6.009 .019 

Task 2 .9500 (.2236) 1.000 (.0000) .024 .026 .949 .336 

Task 3 .8000 (.4104) 1.000 (.0000) .390 .086 4.506 .041 

Task 4 1.000 (.0000) 1.000 (.0000) .000 .000 . . 

Task 5 1.000 (.0000) 1.000 (.0000) .000 .000 . . 

Task 6 .9000 (.3078) 1.000 (.0000) .097 .049 2.003 .165 

Task 7 .3000 (.4702) .3684 (.4956) .046 .233 .196 .661 
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Figure 5.2 Rate of success for finding homepage target (Age) 

 

5.1.3 Gaze Percentage on AOIs 

The older group looked at the AOIs less frequently than the younger group 

(Table 5.3). Older adults looked at the Remaining Area 71.05% of the total time 

(SD=14.00) while younger adults did this 57.46% of the time (SD=14.95) (p < 0.006). 

The results show that older adults looked significantly less frequently at the 

main menu and top menu than did the younger adults, but they looked more frequently 

at the right vertical menu (Figure 5.3). The main menu was viewed by older adults 

14.19% of the time, while younger adults viewed the main menu 33.45% of the time 

(p < 0.001). The percentage of viewing the top menu by older adults was 3.83% and 

that by younger adults was 7.07% (p < 0.019). The right vertical menu was viewed by 

older adults 10.94% of the time, while that of younger adults was viewed only 2.02% 

(p < 0.010). The older adult group used the main menu most often, followed by the 
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right vertical menu, and the top menu the least out of the three AOIs: younger adults 

used the main menu the most, followed by the top menu, and least of all the right 

vertical menu. Both groups used the main menu as their primary search area, but older 

adults utilized the right vertical menu more than did the younger adult group.  

 

Table 5.3 Age effects on gaze percentage on AOIs [mean (SD)] 

 
Mean of Older 

Group 

Mean of 
Younger 
Group 

Mean 
Squares 

Error 
Mean 

Square 
F P-Value 

Overall 28.95 (14.00) 42.54 (14.95) 1814.029 209.397 8.663 .006 

Task 1 28.25 (21.73) 41.89 (22.51) 1810.602 489.076 3.702 .062 

Task 2 22.32 (18.73) 45.44 (23.72) 5208.877 453.800 11.478 .002 

Task 3 29.86 (26.01) 44.30 (26.24) 2033.708 682.468 2.980 .093 

Task 4 39.34 (25.58) 42.21 (27.05) 79.909 692.068 .115 .736 

Task 5 33.40 (21.64) 54.81 (24.58) 4466.049 534.440 8.357 .006 

Task 6 29.75 (19.22) 41.95 (24.73) 1451.062 487.224 2.978 .093 

Task 7 19.38 (15.37) 27.22 (22.58) 599.024 369.388 1.622 .211 

 

 

Figure 5.3 Gaze percentage on AOIs (Age) 
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5.1.4 Number of Fixation Points  

The number of fixation points significantly differed between the older and 

younger groups (p < 0.001, Table 5.4). The older group had a greater average number 

of fixation points, 451.93 (SD = 185.40), than did the younger group, 278.23 (SD = 

73.85).   

The older adult group had a significantly greater number of fixation points for 

Task 1 (568.01 vs. 237.54, p < 0.002), Task 2 (513.52 vs. 216.67, p < 0.005), Task 3 

(378.55 vs. 196.60, p < 0.033), Task5 (342.14 vs. 187.71, p < 0.002), and Task 6 

(428.20 for vs. 183.72, p < 0.007). In Tasks 4 and 7, there were no significant 

differences found in the number of fixation points between two age groups. Task 4 

was considered to be the easiest task with both groups exhibiting a low number of 

fixation points. In the most difficult task, Task 7, both groups had their largest number 

of fixation points (Figure 5.4). 

 

Table 5.4 Age effects on number of fixation points [mean (SD)] 

 
Mean of Older 

Group 
Mean of Younger 

Group 
Mean Squares 

Error Mean 
Square 

F 
P-

Value 

Overall 451.93 (185.40) 278.23 (73.85) 293997.239 20302.440 14.481 .001 

Task 1 568.01 (398.02) 237.54 (198.37) 1064054.102 100493.729 10.588 .002 

Task 2 513.52 (391.77) 216.67 (197.82) 858581.716 97852.524 8.774 .005 

Task 3 378.55 (334.61) 196.60 (128.73) 322552.318 65557.567 4.920 .033 

Task 4 178.55 (163.64) 206.25 (124.86) 7477.667 21335.394 .350 .557 

Task 5 342.14 (162.49) 187.71 (127.80) 232370.156 21505.238 10.805 .002 

Task 6 428.20 (357.83) 183.72 (112.56) 582398.984 71914.062 8.099 .007 

Task 7 754.55 (569.74) 719.09 (331.79) 12258.268 220243.562 .056 .815 
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Figure 5.4 Number of fixation points (Age) 

 

5.1.5 Fixation Duration Mean 

 No statistically significant difference was found in the fixation duration mean 

between two age groups (p < 0.456, Table 5.5). The average fixation duration of the 

older adults was 0.237 seconds, and that of the younger adults was 0.210 seconds. 

 

Table 5.5 Age effects on fixation duration [mean (SD)] 

 
Mean of 

Older Group 
Mean of 

Younger Group 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Overall .237 (.1456) .210 (.0555) .007 .012 .567 .456 

Task 1 .157 (0630) .215 (.1131) .032 .008 3.904 .056 

Task 2 .170 (.0525) .175 (.0460) .001 .002 .119 .732 

Task 3 .312 (.6709) .213 (.1205) .095 .238 .398 .532 

Task 4 .262 (.1585) .181 (.0742) .064 .016 4.096 .050 

Task 5 .237 (.1327) .198 (.0399) .015 .010 1.511 .227 

Task 6 .206 (.1266) .237 (.1732) .010 .023 .417 .522 

Task 7 .312 (.1946) .249 (.1095) .040 .025 1.566 .219 
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5.1.6 Number of Errors 

The data of number of errors did not satisfy the normality assumption for 

MANOVA even after the transformation so Kruskal-Wallis nonparametric test was 

applied. No significant difference was found in the number of errors between the older 

adults and younger adults (p < 0.746, Table 5.6). The average number of errors the 

older adults made in each task was 2.59, while that of the younger group was 2.57.  

 

 

Table 5.6 Age effects on number of errors [mean (SD) and rank mean] - Kruskal-

Wallis Test 

 
Mean of   

Older Group 
Mean of 

Younger Group 

Mean Rank of        

Older Group 

Mean Rank of    

Younger Group 

Chi-

Square 
P-Value 

Overall 2.59 (.975) 2.57 (1.048) 19.43 20.61 .105 .746 

Task 1 4.10 (4.576) 2.21 (2.573) 22.10 17.79 1.490 .222 

Task 2 2.90 (2.511) 1.63 (1.640) 22.78 17.08 2.517 .113 

Task 3 1.35 (1.954) 1.37 (1.802) 19.28 20.76 .203 .652 

Task 4 2.15 (2.134) 3.63 (3.337) 17.68 22.45 1.756 .185 

Task 5 2.55 (2.098) 2.21 (2.149) 21.03 18.92 .344 .558 

Task 6 1.30 (1.976) 1.00 (1.374) 20.18 19.82 .012 .912 

Task 7 3.75 (3.193) 5.95 (3.504) 16.60 23.58 3.709 .054 

 

5.1.7 Search Strategies 

Based on the scanpath data, search strategies were categorized into three 

different types (Table 5.6). The first, “sequential search strategy”, included both 

horizontal and vertical sequential scanning paths to find information. The second, 

“random jumping search strategy” did not show any regular sequential visual patterns. 

The third, “right away clicking (proceeding to a next page whether a correct or 
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incorrect choice)” did not need to use any search strategy as the target was found and 

clicked immediately after starting a task.  

 

Table 5.7 Categorization of search strategies 

Search Strategy Categories Description 

1. Sequential search strategy Horizontal or vertical sequential scanning paths 

2. Random jumping search strategy No regular sequential visual patterns 

3. Right away clicking Target was found and clicked on immediately 

 

Figure 5.5 displays one example that depicts scanpath on the homepage. Since 

each fixation of scanpath could not be optimally identified due to the overlapping gaze 

point circles, recurrence plots were applied for clear scanpath visualization. The 

presentation from the recurrence plots follows in Section 5.2. 

 

 

Figure 5.5 Example scanpath 
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There were significantly different patterns in the information search strategies 

between the older and younger adult groups (p < 0.035, Table 5.7). Across all seven 

tasks, the older adults showed consistent gazing patterns on the menus of the 

homepage by using a more sequential approach. Participants in the older group were 

more likely to shift their gaze horizontally (from the left to the right or vice versa) or 

vertically (from the top to the bottom or vice versa) on a page for information searches. 

In comparison, the younger adults were inclined to randomly jump their gaze from one 

place to another to find information. They did not demonstrate predictable gaze trails 

as did the older adults. Overall, 45.11% of the younger adults group immediately 

found and clicked a target, while only 12.14% of the older adults clicked on a target 

immediately. These statistics indicate that the younger group's initial gazes typically 

landed on the homepage target, and they clicked it without shifting their gazes (Figure 

5.6). The percentage of younger adults who used sequential information search 

strategies was 31.58% for a horizontal (right-left or left-right) searching pattern and 

9.77% for a vertical (top-bottom or bottom-top) searching pattern. Adversely, those 

used by the older adults were 52.86% and 32.86%, respectively. A random jumping 

search strategy, which did not follow any consistent pattern, was used 13.53% of the 

time for the younger adults and only 2.14% of the time for the older adults.  
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Table 5.8 Age effects on search strategies 

 
Mean of Older 

Group 
Mean of 

Younger Group 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Overall 1.26 (.664) 2.04 (.933) 21.362 .755 28.289 .001 

Task 1 1.40 (.754) 2.32 (.820) 8.172 .619 13.200 .001 

Task 2 1.50 (.889) 2.37 (.955) 7.348 .849 8.653 .006 

Task 3 1.10 (.447) 1.79 (.918) 4.632 .512 9.040 .005 

Task 4 1.30 (.733) 2.37 (.895) 11.123 .665 16.715 .001 

Task 5 1.20 (.616) 2.16 (.958) 8.940 .641 13.942 .001 

Task 6 1.25 (.639) 1.89 (.875) 4.050 .582 6.957 .012 

Task 7 1.10 (.447) 1.37 (.761) .702 .384 1.827 .185 

 

 

Figure 5.6 Overall percentage of search strategy (Age) 

 

Except for Task 7, the two age groups showed a significant difference in 

scanning patterns (Figure 5.7). The older adults did not show a random jumping 
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the target right way 15.00% of the time; they showed a sequential approach 75.00% of 
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the time and a random jumping strategy 10.00% of the time, while those of the 

younger adults’ were 52.63%, 21.05%, and 26.32% (p < 0.001). In Task 2, those 

numbers were 25.00%, 75.00%, and 0.00% for the older adults and 68.42%, 31.58%, 

and 0.00% for the younger adults, meaning no subjects from the either group exhibited 

a random jumping search strategy (p < 0.006). In Task 3, those were 5.00%, 95.00%, 

and 0.00% for the older group and 31.58%, 52.63%, and 15.79% for the younger 

group (p < 0.005). In Task 4, those were 15.00%, 85.00%, and 0.00% for the older 

adults while the younger adults showed 63.16%, 26.32%, and 10.53% for right way 

clicking, a sequential, and a random jumping search strategy, respectively (p < 0.001). 

In Task 5, those were 10.00%, 90.00%, 0.00% for the older adults and 52.63%, 

36.84%, and 10.53% for the younger adults (p < 0.001). In Task 6, those were 10.00%, 

85.00%, and 5.00% for the older group and 31.58%, 42.10%, and 26.32% for the 

younger group (p < 0.012). 

For Task 7, the most difficult task, no significant difference was found in 

search strategy between two age groups (p < 0.185). Five percent of the older group 

and 15.79% of the younger adults immediately clicked a target right after starting the 

task. The remainder of the older adults, 95.00%, used either right-left (left-right) or 

top-bottom (bottom-top) searching strategies while 78.95% of the younger adults used 

these same strategies. Since Task 7 was the most difficult task to complete, the 

younger adults utilized a more strategic approach. They used particularly a horizontal 

sequential scanning in Task 7, compared to the other tasks they attempted. 
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Figure 5.7 Search strategies in each task (Age) 

  

Additionally, video game experience was examined to determine if it 

correlated with search strategies. Past experience, current use, how long they have 

been playing, how often they play, how many hours per week spent playing, and 

subjective level of game skill were included. There was no significant difference in 

search strategies regarding the past experience, current use, how long they have played, 

how often they play, and subjective game skill (p < 0.154; p < 0.439; p < 0.616; p < 

0.499; and p < 0.155). However, gaming hours per week spent on average had a 

significant correlation with search strategies (p < 0.018). The participants who spent 

greater time on video games tended to use a random jumping search strategy more 

often. It might be due to the fact that events often occur in a random fashion in video 

games. Therefore, younger adults who generally spend more time on video games than 

older adults might be accustomed to use a random search strategy. 
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5.1.8 Heatmap  

The heatmap for each of the subjects for each task was investigated to provide 

additional depicted information of the participants' visual exposure on the homepage. 

The heatmap shows which parts of the homepage were utilized the most and the least 

in general to find the target information in addition to the gaze percentage on the 

selected AOIs. As explained previously in Chapter 4, red color indicates more visual 

exposure by users while yellow or green color indicate less visual exposure. Since a 

heatmap is only shown as an image file itself it does not provide quantitative data such 

as the number of color “blobs”. 

For the easy task, small parts of the main menu on the homepage received the 

majority of fixations by the both older and younger adults (Figure 5.8 and 5.9) 

confirming that both groups primarily utilized the main menu before proceeding 

quickly to the next page.  
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Figure 5.8 Heatmap of one older adult in an easy task on the original interface 

 

 

Figure 5.9 Heatmap of one younger adult in an easy task on the original interface 
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For medium difficulty tasks, the older adults tended to look at the main menu 

areas uniformly, use the right part of the homepage as well, and also gaze at the non-

AOIs frequently to find the information (Figure 5.10). However, the younger adults 

tended to focus on the main menu, and looked less to the other areas on the homepage 

in general (Figure 5.11).  

 

 

Figure 5.10 Heatmap of one older adult in a medium difficulty task on the original 

interface 
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Figure 5.11 Heatmap of one younger adult in medium difficulty task on the original 

interface 

 

For the difficult task, task 7, the older adults gazed at most of the areas on the 

homepage including many of the non-AOIs to find the target information (Figure 5.12). 

The younger adults looked at fewer areas and had more fixations on the main menu or 

the right vertical menu area, which contained the relevant cues to proceed to the next 

step to find the target information (Figure 5.13). 
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Figure 5.12 Heatmap of one older adult in a difficult task on the original interface 

 

 

Figure 5.13 Heatmap of one younger adult in a difficult task on the original interface 
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 For both groups, when the task was more difficult, more areas were viewed 

representing colored blobs compared to the easier task which showed less blobs on the 

heatmaps. The older adults tended to view a wider range of areas on the page 

compared to the younger adults while searching the same required information. And in 

many of the cases, the older adults more often gazed at irrelevant areas, that confirms 

the results found from the gaze percentages on the selected AOIs.   

 

5.1.9 Error Characteristics 

First, the older adults tended to focus on the AOIs less frequently than did the 

younger adults (p < 0.006). The older adults both utilized the non-AOIs and tended to 

scan irrelevant areas more frequently on the homepage. They were more easily 

distracted by the accessory features and secondary information. The older adults 

focused more on icons, pictures, article paragraphs, or quick links rather than the 

menu bars to find the health related information and to operate main functions of the 

telemedicine website. 

Second, the older adults tended to go back to the same points or pages even 

after they failed to previously find the information using those specific menus or pages. 

When they could not find the proper target on a certain page, they revisited the same 

pages and clicked on the same menus and links even though there was no new 

information to be found. However, when the younger adults could not find the target, 
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they tried searching for information on other pages rather than trying the same paths 

they previously attempted. 

Third, the older adults were more confused with ambiguous terminologies or 

labels. When there were ambiguous labels or two labels with similar meanings, the 

older adults were more likely to click both menus, while the younger adults more 

intuitively found the correct ones.  

 

5.2 Search Strategies of Older Adults from Recurrence Plots 

As shown in Figure 5.5 above, each scanpath of a screen shot could not be 

optimally identified since gaze trail circles were overlapped and the order numbers 

were covered. Therefore, a Recurrence Plot (RP) was applied based on the eye 

movements indicated by a sequence of red crosses from the video recordings. 

Analysis with RPs was used to identify the information searching sequences by 

visualizing search characteristics. Both the X-axis and Y-axis represented areas on the 

homepage sorted by time, every 0.33 of a second. The homepage interface was 

divided into 21 different sub areas. The areas of interest (AOIs) were divided to gather 

more detail based on each menu group. Area 1 through area 9 were located on the 

main menu, area 10 through area 15 belonged on the top menu, and area 16 through 

area 20 were on the right vertical menu, and all that remained were appointed as area 

21. Therefore, areas with neighboring numbers were located next to each other on the 
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homepage (except areas 9 and 10; 15 and 16). This division is shown in Figure 5.14 

below. 

 

 

Figure 5.14 Interface divisions on the homepage for scanpath analyses with RPs 

 

Figure 5.15 is an example of the informational search sequence of one older 

adult participant with the original interface. This participant started scanning the page 

from area 16 and then moved to the neighboring area 17, then continued looking at 

areas 18, 19, and 20. After looking at area 20, the subject went back to areas 19, 18, 

and 17. This scanning pattern shows a vertical back and forth sequence that was found 

more often in older adult informational search patterns than in younger adults. 
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Time(S
ec.) Area 16 16 17 17 17 18 18 19 19 20 19 19 18 18 18 17 17 17 

0.667 16 
                  

1.000 16 
                  

1.333 17 
                  

1.677 17 
                  

2.000 17 
                  

2.333 18 
                  

2.677 18 
                  

3.000 19 
                  

3.333 19 
                  

3.667 20 
                  

4.000 19 
                  

4.333 19 
                  

4.667 18 
                  

5.000 18 
                  

5.333 18 
                  

5.667 17 
                  

6.000 17 
                  

6.333 17 
                   

Figure 5.15 RP of one older adult’s informational search pattern 

 

In order to show the progression of each subject’s search strategies in duration 

based on the data of the sequence of areas on which participants gazed, all recurrence 

plots of the older adults for each task were transformed to trend graphs. The areas 

fixated every 0.333 second were displayed on graphs. The segments of scanpath trends 

starting from area 21 were removed to show actual search strategies on the AOIs. 

When two or more subjects used the same or very similar scanpaths, only one 

subject’s scanpath was displayed on the following graphs. 
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 Overall, across all seven tasks, the older adults used sequential search 

strategies even though their rates and the duration of searches varied. Most of the older 

adults tended to use horizontal or vertical search strategies except in cases where they 

quickly found the target and quickly clicked submenus to proceed to a next page. They 

systematically moved gazes from left to right, right to left, top to bottom, or bottom to 

top on the menu areas. Amongst the three major menu areas, the main menu was 

fixated on most followed by the right vertical menu area. Unlike the younger adults, 

the older adults quite frequently utilized the right vertical menu as well as the main 

menu. 

 The following scanpath graphs were organized by the tasks. To effectively 

visualize search strategies, scanpath trends were divided into three different groups in 

each task based on the characteristics of task completion from the older adults; 1) the 

group who succeeded a task without making any errors (SS group – Straight Success), 

2) the group who eventually succeeded after committing one or more errors (ES group 

– Eventual Success), and 3) the group who failed to complete a task (NS group – Non 

Success). For the ES group, first, second, third, or up to fourth scanpath attempts on 

the homepage were shown. Each attempt is separated by spaces in the graphs.   

 To complete task 1, area 10 needed to be observed and clicked in order to 

proceed to the next optimal path. Overall for Task 1, the older adults tended to use 

sequential search strategies except those who immediately or quickly observed area 10. 

In the SS group  (those who succeeded at once), S1 and S2 quickly found the target 
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without spending much time searching while the other subjects showed sequential 

scanpaths (Figure 5.16). S3 started gazing from area 4 on the main menu, continued to 

the left side, and returned to the right side again to area 4. Then, S3 moved to the right 

vertical menu area, then the top menu, continuing his/her searching one by one from 

area 15, the right part of the top menu, to the left until reaching area 10 (S3 in Figure 

5.16). Subject S4 gazed from the left side of the main menu and sequentially 

continued to the right (S4 in Figure 5.16). 

 

 

Figure 5.16 Scanpaths of the SS group for Task 1 

 

 In the ES group (those who completed a task with one or more errors), the 

subjects showed search patterns similar to the SS group. S1 used a horizontal scanning 

pattern starting from the left on the main menu to the right (S1 in Figure 5.17). S2 
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used a horizontal scanning pattern starting from the right vertical menu scanning from 

the right to the far left on the main menu (S2 in Figure 5.17). S3 quickly proceeded to 

the next page after scanning and fixating a single submenu (S3 in Figure 5.17). S4 

used recurrent vertical scanpaths starting from the top part of the right vertical menu 

moving downward and upon reaching the submenu on the bottom went back upward 

(S4 in Figure 5.17). S5 used a sequential horizontal search strategy, scanning from 

area 2, the far left on the main menu, and continuing to the right side area by area. 

After all the sub menus on the main menu were scanned, the subject moved from the 

far left of the top menu area to the right (S5 in Figure 5.17).  

 

 

Figure 5.17 Scanpaths of the ES group for Task 1 
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 In the NS group (those who did not complete the task), the subjects also 

approached with the sequential search strategies either left-to-right, right-to-left, or 

top-to-bottom. S1 scanned from the right side to the left on the main menu, while S3 

moved their gaze from the upper part downward on the right vertical menu (S1 and S3 

in Figure 5.18). S2 showed recurrent scanpaths starting from the left side to the right 

on the main menu and revisited for rescanning from the right side to the left on the 

main menu (S2 in Figure 5.18).  

 

 

Figure 5.18 Scanpaths of the NS group for Task 1 
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target quickly immediately after scanning a few submenus from the left to the right on 

the main menu area (Figure 5.19).  

 

 

Figure 5.19 Scanpaths of the SS group for Task 2 
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Figure 5.20 Scanpaths of the ES group for Task 2 

 

The NS group did not show consistent search patterns (Figure 5.21).  

 

 

Figure 5.21 Scanpaths of the NS group for Task 2  
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 To complete Task 3, area 6 needed to be selected to move to the next step. In 

the SS group for Task 2, the subjects used sequential search strategies, except S4 who 

found the target submenu quickly right after starting the task. S1, S2, and S3 scanned 

the main menu area showing recurrent horizontal search patterns. They started 

scanning from the left side of the main menu, continued to the right submenu area by 

area, and returned to the left side (S1, S2, and S3 in Figure 5.22). Meanwhile, S5 

mostly concentrated on the right vertical menu by scanning horizontally downward 

then jumping to the correct target (S5 in Figure 5.22). 

 

 

Figure 5.22 Scanpaths of the SS group for Task 3 
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menu, S2 continued scanning on the top menu horizontally from the left to the right 

(S2 in Figure 5.23). S4 scanned from the right side of the main menu to the left, 

outside of the AOIs for a second, and then from the left to the right on the main menu 

again (S4 in Figure 5.23).    

 

 

Figure 5.23 Scanpaths of the ES group for Task 3 
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Figure 5.24 Scanpaths of the NS group for Task 3  
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Figure 5.25 Scanpaths of the SS group for Task 4 
 

 The ES group viewed only the main menu in a horizontal order (Figure 5.26). 

 

 

 Figure 5.26 Scanpaths of the ES group for Task 4  

0 

5 

10 

15 

20 

0
.6

7
 

1
.0

0
 

1
.3

3
 

1
.6

8
 

2
.0

0
 

2
.3

3
 

2
.6

8
 

3
.0

0
 

3
.3

3
 

3
.6

7
 

4
.0

0
 

4
.3

3
 

4
.6

7
 

5
.0

0
 

5
.3

3
 

5
.6

7
 

6
.0

0
 

6
.3

3
 

6
.6

7
 

7
.0

0
 

A
re

a
 N

u
m

b
e
r 

S1 

S2 

S3 

0 

5 

10 

15 

20 

0
.6

7
 

1
.0

0
 

1
.3

3
 

1
.6

8
 

2
.0

0
 

2
.3

3
 

2
.6

8
 

3
.0

0
 

3
.3

3
 

3
.6

7
 

4
.0

0
 

4
.3

3
 

4
.6

7
 

5
.0

0
 

5
.3

3
 

5
.6

7
 

6
.0

0
 

6
.3

3
 

6
.6

7
 

7
.0

0
 

7
.3

3
 

A
re

a
 N

u
m

b
e
r 

S1 

S2 

S3 

Time (Sec.) 

Time (Sec.) 



Texas Tech University, Young Ji Chun, Dec 2014 

87 

 To complete Task 5, area 4 or 18 needed to be viewed and clicked. Every 

subject in the SS group found either target quickly. S1 found the target on the main 

menu area immediately after starting the task (S1 in Figure 5.27). S2 scanned from the 

top to downward on the right vertical menu until the correct target was found and 

clicked (S2 in Figure 5.27). 

 

 

Figure 5.27 Scanpaths of the SS group for Task 5 
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Figure 5.28 Scanpaths of the ES group for Task 5 

 

 Only one subject in the NS group for Task 5 did not complete the task. This 

subject also showed a sequential search pattern by shifting gazes sequentially from the 

right side of the main menu area to the left side (S1 in Figure 5.29).  

 

Figure 5.29 Scanpaths of the NS group for Task 5 
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 To complete Task 6, area 5 needed to be selected to proceed to the next correct 

page. The SS group mostly focused on the main menu area for task 6. Subject 1 and 3 

approached from the opposite direction on the main menu using horizontal search 

strategies at a relatively slower rate and stopped scanning at area 5 (S1 and S3 in 

Figure 5.30). Subject 2 and subject 4 also started scanning from the opposite side of 

the main menu using horizontal search strategies and stopped at the same spot, area 5, 

in a relatively short period of time (S2 and S4 in Figure 5.30). S5 found the correct 

target immediately and quickly proceeded to the next page (S5 in Figure 5.30). 

 

 

Figure 5.30 Scanpaths of the SS group for Task 6 
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menu horizontally from the right side to the left (S1 in Figure 5.31). S2 stayed on the 

main menu area and then gazed toward non AOIs (S2 in Figure 5.31). S3 horizontally 

scanned only the right vertical menu area and searched from the bottom to top (S3 in 

Figure 5.31). S4 gazed only a few points on the homepage and quickly clicked it (S4 

in Figure 5.31). 

 

 

Figure 5.31 Scanpaths of the ES group for Task 6 
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Figure 5.32 Scanpaths of the NS group for Task 6 
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Figure 5.33 Scanpaths of the SS group for Task 7 
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top (S3 in Figure 5.34). 
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Figure 5.34 Scanpaths of the ES group for Task 7 
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5.35). S4 sequentially viewed the submenus from the far left to the far right on the 

main menu and continued searching backward when reaching the far right submenu 

(S4 in Figure 5.35).  
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Figure 5.35 Scanpaths of the NS group for Task 7 
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5.3 Addressing the Hypotheses  

Seven hypotheses were investigated in study I. The followings are results of 

the hypotheses testing in Study I (Table 5.8):  

H1: Elapsed time to look at the target on the homepage of the older adults was 

 significantly greater than the younger adults 

H2: Percentage of success of scanning the target on the homepage of the older 

 adults was significantly lower than the younger adults 

H3: Time spent looking at the selected Areas of Interest (AOIs) of the older adults 

 was significantly greater than the younger adults 

H4: Number of fixation points to find information of the older adults was 

 significantly greater than the younger adults 

H5: Fixation duration to find information of the older adults was not significantly 

 different than the younger adults 

H6: Number of errors to find information of the older adults was not significantly 

 different than the younger adults 

H7: The older adults significantly used different search strategies when searching 

 for health related information than the younger adults 
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Table 5.9 Age effects summary 

Hypothesis 
Dependent 
Variables 

Mean of  
Older      
Group 

Mean of 
Younger 
Group 

Mean 
Squares 

Error 
Mean 

Square 
F 

P-
Value 

H1 
Elapsed time to 
look at the target 
on the homepage 

67.650 
(30.729) 

38.241 
(12.954) 

8427.355 566.545 14.875 .001 

H2 

Percentage of 
success of 
scanning the 
target on the 
homepage 

.8143 
(.1319) 

.9098 
(.0708) 

.089 .011 7.811 .008 

H3 
Gaze percentage 
on AOIs 

28.95 
(14.00) 

42.54 
(14.95) 

1814.029 209.397 8.663 .006 

H4 
Number of fixation 
points 

4519.31 
(1853.92) 

2782.26 
(738.45) 

293997.239 20302.440 14.481 .001 

H5 Fixation duration 
.237 

(.1456) 
.210 

(.0555) 
.007 .012 .567 .456 

H6 Number of errors 
2.59 

(.975) 
2.57 

(1.048) 
- - .105 .746 

H7 Search strategies 
1.26 

(.664) 
2.04  

(.933) 
21.362 .755 28.289 .001 

 

5.4 Discussions 

Overall, the results showed that the older adults tended to have different visual 

behavior in terms of elapsed time to look at the correct homepage target, percentage of 

success of scanning the correct homepage target, gaze percentage on AOIs, number of 

fixation points, information search strategies except fixation duration mean from the 

younger adults when attempting to find heath related information on a telemedicine 

web interface. The older adults took longer to fixate on the correct target on the 

homepage to find information. The younger adults found the target cue more quickly 

allowing them to proceed to the next page faster than the older adults. The older adults’ 

initial selective attention was slower and more often incorrect than the younger adults’. 
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More of the younger adults’ gazes instantly landed on the correct target right after 

starting the task. On the other hand, more of the older adults gave attention to the 

incorrect and irrelevant menu areas. Attention is a crucial factor that directly 

influences perception and may determine the task success and error making, 

effectiveness and efficiency of task performance. The interface of an internet-based 

telemedicine system should be designed to catch not only attention of younger adult 

population but also older adults’ properly by providing saliency and considering the 

user mental model to minimize effort in locating a correct target. 

The younger adults also tended to click the first target quickly without 

hesitation, no matter whether the target would be correct or not for the optimal path of 

completing the tasks. Even though the older adults eventually looked at the correct 

target, they occasionally did not click the target that they were viewing. They either 

thought those targets were not correct or waited until they were quite certain that the 

targets were the correct ones. This result was similar to that of Chadwick-Dias et al. 

(2003). The older adults were more cautious about clicking links and moving to 

another page compared to the younger adults, thus confirming that younger adults do 

not carefully consider  the risk of incorrect choice selection, while older adults were 

more conservative and careful about their action. The older adults were especially 

confused with the submenu labels that had similar meaning and were more hesitant to 

click one. Confusability should be minimized by making menu labels more 

meaningful, distinctive and different from each other to support intuitive bottom-up 

information processing. For example, in this research, many older adults clicked the 
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menu label "personal information" to seek their own personal health information such 

as blood pressure or allergy symptoms where The Personal Information label does not 

provide personal health information but only account information. It is important to 

provide labels that better represent their functions with clarity and certainty so older 

adults do not need to hesitate. 

Goldberg and Kotval (1998) stated that the number of fixations is negatively 

correlated with search efficiency. The older adults showed a greater number of 

fixations in this study, and showed less efficient informational search patterns 

compared to the younger adults, possibly the result of an inefficient interface design. 

The number of fixations has also been related to cognitive demands (Chang, 2010).  

The results can be interpreted as an indication that older adults experienced relatively 

greater cognitive workload than did the younger adults under the same task difficulty 

that might negatively affect task performance and possibly cause unnecessary 

cognitive overloads. 

There was no difference in the number of errors between the two groups. Even 

though both groups made a similar number of errors, the older adults took more time 

to search for information. Thus, they made fewer errors per the same amount of time 

compared to the younger adults. Based on the time normalized error, which factors the 

number of errors per second, a significant difference was found between the two age 

groups (p < 0.017, F > 6.241). The number of errors per second the younger adults 

committed was higher with 0.0430 while that number of the older adults was 0.0303. 
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As explained above, the older adults were more cautious about their actions and 

waited until they were sure about their decision to click a link or to proceed to another 

page. The older adults tended to look at the same menu items repeatedly and hesitated 

to click. The ambiguous terminology or labels of the menus left the older adults more 

confused. When there were unclear labels or two labels with similar meanings, the 

older adults were more likely to scan both items back and forth and often missed the 

correct target. On the other hand, the younger adults found the correct ones more 

intuitively. Thus, it is critical to provide distinctive menu labels with clear meaning in 

accordance with older adults’ mental model to help them make more correct decisions. 

One of the main characteristics found in the older adult search patterns was repetition. 

They looked at the same targets or revisited the same links over and over. The older 

adults kept revisiting the same incorrect pages or links even after they previously 

failed to find the correct targets or information on those pages Based on the interview 

with the participants, the older adults were more likely to forget that they had already 

visited those pages. The older adults tended to store the information for a shorter 

period time with a limited storage capacity in the working memory about the previous 

action they made such as the submenus they had already clicked or the pages they had 

already visited. This result seemed consistent with existing findings that older adults 

have more limited working memory capacity compared to younger adults (Fisk et al., 

2009). This result of limited working memory capacity supports the one found based 

on the number of fixations explained above. They also deliberated at length to confirm 

that those links or pages previously visited did not actually contain the cue or 
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information for which they were searching. While the younger adults either focused on 

the new information or used the same information but processed it differently from 

previous failed of attempts to find the target, the older adults also showed processing 

of the same information with the same approach, which did not actually help them find 

the correct target. An indication for previously visited links should be given using a 

different color or something similar to provide acknowledgement of the visited status. 

Compared to the younger adults, the older adults looked at the selected AOIs 

less frequently on the homepage, which contained core information to successfully 

complete the given tasks. The older adults looked at the non-AOIs more frequently, 

which were irrelevant areas for completing the tasks. In terms of each AOI, the older 

adults looked at the main menu and the top menu less than the younger adults, but they 

looked at the right vertical menu area more often.. In this study, the younger adults 

spent more time on the top area and less on the right area than did the older adults, 

while the older adults more frequently utilized the right vertical menu. Therefore, the 

right area on the homepage should contain more useful information for older adults. 

Further, the older adults’ visual attention was more easily distracted by the secondary 

information on the homepage. They viewed more areas on the homepage, focusing on 

figures or icons. In particular, the older adults spent more time reading articles or texts 

even though they contained no relevant information to the given tasks. Even though 

clear instruction was communicated to the participants in both age groups to focus on 

task completion as fast and as accurately as possible based on the task scenarios, the 

older adults might have focused on the irrelevant articles or other secondary 
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information based on their personal interests. This provides insight to the practical 

space use of older adults versus younger adults on the homepage how differently they 

utilize each feature on a page. This result was consistent with Tullis (2007). He found 

that the older adults gazed at more areas that were not critical to find information. 

Therefore, simple homepage features are necessary and long article paragraphs or long 

texts should be minimized on the homepage so that older adult users are not distracted 

from the web interfaces. 

The older adult group showed the use of more sequential visual patterns to 

complete the tasks. These information search strategies were horizontal (from the left 

to the right or vice versa) or vertical (from the top to the bottom or vice versa) gaze 

shifting, while younger adults tended to use a random jumping search strategy more 

frequently. However, when a task was difficult and information was hard to find, the 

younger adults were also more likely to adopt one of these sequential information 

search strategies, in particular, a horizontal search strategy. This indicates that younger 

adults were more exploratory while the older adults were more conservative and take a 

safer approach that might be due to the limitation of cognitive capacity. When the 

tasks became harder, younger adults also switched to the same sequential search 

strategy as older the adults. Therefore, it can be concluded that when a task is more 

difficult to complete, people tend to adopt a sequential search strategy compared to 

dealing with an easier task.  
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More of the younger adults found the target on the homepage quickly and 

proceeded to the next page without needing to use search strategies. It is possible for 

some features to be detected by user's peripheral vision without fully attended 

fixations on them. The younger adults might be better at using their peripheral vision 

to briefly filter out irrelevant features of the given task, even though it could not be 

revealed since the current eye-tracking system is only able to show fixations and their 

shifts, not the whole visual field.  

Based on the heatmaps, small parts of the homepage's main menu received the 

majority of fixations by the both older and younger adults for an easy task. Both of the 

groups proceeded to a next page quickly and without much deliberation to make sure 

if the viewed target was correct or not where relatively lower cognitive workload was 

given. From a medium level to a difficult level task, the older adults tended to look at 

irrelevant areas and were more easily distracted by the areas containing secondary 

information than the younger adults. The older adults used not only the top area but 

also the right side of a web page more frequently than did the younger adults. There 

are previous studies that showed different heatmap patterns as those studies 

investigated on different types of website with different interface structures from this 

research. Nielsen (2006) found that users were likely to fixate on the left side of a 

webpage rather than right side with more horizontal scans on the top which shows “F” 

patterns. Shrestha and Lenz (2007) also found similar results with Nielsen that users 

tended to show the “F” patterns with only a few exceptions. However, they researched 

on different type of web system s with different layouts from this study. They focused 
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on the result pages of search engine websites, product result pages of e-commerce 

websites, or the book result pages on the web library systems which show results in a 

horizontal layer format of a content list or a picture list.  

Older adults’ visual behavior patterns and underlying mechanisms were 

investigated. Even though older adults used sequential search strategies for finding 

information, they repeatedly searched back and forth on the same areas and repeatedly 

visited the same place. Furthermore, they gazed more at irrelevant features on the 

homepage.  It is important to reduce older adult dependence on working memory use 

and, ultimately, minimize cognitive mental workload by providing a more appropriate 

and intuitive interface for supporting bottom-up information processing. The 

suggested interface modification is as follows in the next section (Section 5.5). Doing 

so will help older adults find important health related information more easily on an 

internet-based telemedicine system. 

 

5.5 Summary of Guidelines  

1. (A) Placed main health related functions of the telemedicine system onto the main 

menu bar and (B) sub functions, general web-related functions such as "sitemap" 

and "my account" in the top menu bar - both groups utilized the main menu the 

most and the top menu the least based on the gaze percentages on the selected 

AOIs 
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2. Provided the functions directly related user's own healthcare not only on the main 

menu but also on the right vertical menu as well - the older adults utilized the right 

vertical menu more frequently 

3. Renamed the labels  which confused the older adults - the older adults were more 

confused and hesitated between menus that had labels of similar meaning 

4. Minimized accessory features and secondary information on the homepage - older 

adults viewed distracted more areas on the homepage, focusing on figures or icons 

5. Minimized articles and long paragraphs on the homepage - older adults tended to 

spend time reading articles and long paragraphs unrelated to the information 

search  
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CHAPTER VI 

RESULTS AND DISCUSSIONS OF STUDY II 

6.1 General Results 

A total of ten measures were analyzed between using the original interface and 

the newly modified interface. These were elapsed time to look at the correct target on 

homepage, percentage of success for finding the homepage target, gaze percentage on 

Areas of Interest (AOIs), the number of fixation points, the number of errors, task 

completion rate, task completion time, ASQ satisfaction rating scores, and SUS 

satisfaction rating scores. 

 

6.1.1 Newly Modified Interface 

Based on the findings in Study I, the interface of the telemedicine system was 

modified. To develop a new interface, the KompoZer software version 0.7.10 was 

used for web interface programming (Figure 6.1). The KompoZer software allowed  

modification of each web page based on its HTML source, HTML tags, as well as 

interface layout.  

The list of changes to the interface is shown in Table 6.1 and the actual 

modified interface is shown in Figure 6.2. To eliminate any confounding effects from 

the menu locations, the navigation menu bar location was not changed. 
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Figure 6.1KompoZer software interface 

 

 

Table 6.1 Interfaces modification in accordance with the findings of Study I (numbers 

in parentheses refer to guideline used) 

  Changes  to interface 

1A  Placed main functions of the website onto the main menu bar 

1B  Placed general web-related functions in the top menu bar 

2  Provided important functions on the right vertical menu as supplement information 

3  Renamed the labels  that had confused the older adults  

4  Minimized secondary information and accessory features on the homepage 

5  Minimized articles and long paragraphs on the homepage 
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Figure 6.2 Modified interface of the homepage 

 

Study II then repeated Study I using the newly modified interface with the 

same experiment procedures. Comparisons were made between the two interface 

versions. 

 

6.1.2 Elapsed Time to Look at the Homepage Target  

A statistically significant difference was found in elapsed time to look at the 

correct target on the homepage (p < 0.001, Table 6.2). The average elapsed time for 

the first older adult group with the original interface to look at the correct target on the 

homepage was 67.65 seconds (SD = 30.73) while the second group with the new 

interface showed 10.52 seconds (SD = 8.53). The elapsed time to look at the correct 

target decreased with new interface for Task 1 (80.10 vs. 10.11 seconds, p < 0.001), 

Task 2(65.20 vs. 3.95 seconds, p < 0.001), Task 3 (65.00 vs. 8.05 seconds, p < 0.003), 
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Task 4 (30.40 vs. 3.74, p < 0.006), Task 5 (33.45 vs. 5.32, p < 0.003), Task 6 (45.15 vs. 

10.32 seconds, p < 0.016), and for Task 7 (154.25 vs. 31.68 seconds, p < 0.001). With 

the new interface, older adults focused their gaze more quickly on the correct 

homepage target (Figure 6.3).  

 

Table 6.2 Interface effects on elapsed time to look at the homepage target [mean (SD)] 

 
Mean of Original 

Interface 
Mean of New        

Interface 
Mean 

Squares 

Error 
Mean 

Square 
F 

P-
Value 

Overall 67.650 (30.729) 10.519 (8.528) 31802.827 520.283 61.126 .001 

Task 1 80.10 (81.950) 10.11 (16.660) 47736.411 3583.665 13.321 .001 

Task 2 65.20 (71.254) 3.95 (2.934) 36556.827 2611.355 13.999 .001 

Task 3 65.00 (77.072) 8.05 (10.091) 31598.489 3099.863 10.194 .003 

Task 4 30.40 (39.512) 3.74 (2.746) 6926.952 805.364 8.601 .006 

Task 5 33.45 (38.100) 5.32 (3.787) 7712.381 752.407 10.250 .003 

Task 6 45.15 (59.379) 10.32 (8.725) 11823.088 1847.639 6.399 .016 

Task 7 154.25 (75.058) 31.68 (52.103) 146371.837 4213.618 34.738 .001 

 

 
Figure 6.3 Elapsed time to look at homepage target (Interface) 
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6.1.3 Rate of Success for Finding the Homepage Target  

The overall rate of successful findings of the correct target on the homepage 

with the original interface was 81.43%, while with the new interface was 97.14% (p < 

0.001, Table 6.3). In every task, the group who used the new interface showed equal 

or higher success scanning rates compared to the original interface. With the new 

interface, the older adults showed 100% success rates of scanning the correct target in 

five tasks (Figure 6.4).  

In particular, the percentage of success of scanning increased from 80.00% to 

100.00% in Task 3 (p < 0.036) and from 30.00% to 85.00% (p < 0.001) in Task 7.  

 

Table 6.3 Interface effects on rate of success finding the homepage target [mean (SD)] 

 
Mean of 
Original 
Interface 

Mean of      
New      

Interface 

Mean 
Squares 

Error Mean 
Square 

F P-Value 

Overall .8143 (.1319) .9714 (.0586) .247 .010 23.701 .001 

Task 1 .7500 (.4443) .9500 (.2236) .400 .124 3.234 .080 

Task 2 .9500 (.2236) 1.000 (.0000) .025 .025 1.000 .324 

Task 3 .8000 (.4104) 1.000 (.0000) .400 .084 4.750 .036 

Task 4 1.000 (.0000) 1.000 (.0000) .000 .000 . . 

Task 5 1.000 (.0000) 1.000 (.0000) .000 .000 . . 

Task 6 .9000 (.3078) 1.000 (.0000) .100 .047 2.111 .154 

Task 7 .3000 (.4702) .8500 (.3664) 3.025 .178 17.030 .001 
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Figure 6.4 Rate of success for finding homepage target (Interface) 

 

6.1.4 Gaze Percentage on AOIs 

The group with the new interface looked more frequently at the selected AIOs 

on the homepage, which were important areas to provide cues for the next optimal step, 

than did the group with the original interface (p < 0.001, Table 6.4). The group with 

the new interface focused their gazes on the AOIs 46.77% of the time (SD = 15.76), 

while those with the original interface looked at the AOIs 28.95% of the time (SD = 

14.00) (Figure 6.5). 
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Table 6.4 Interface effects on gaze percentage on AOIs [mean (SD)] 

 
Mean of Original 

Interface 

Mean of      
New       

Interface 

Mean 
Squares 

Error Mean 
Square 

F P-Value 

Overall 28.95 (14.00) 46.77 (15.76) 3193.190 222.151 14.374 .001 

Task 1 28.25 (21.73) 33.69 (19.79) 295.299 431.881 .684 .413 

Task 2 22.32 (18.73) 48.96 (25.32) 7101.426 495.853 14.322 .001 

Task 3 29.86 (26.01) 48.26 (26.72) 3387.200 695.285 4.872 .033 

Task 4 39.34 (25.58) 48.45 (21.39) 830.171 555.994 1.493 .229 

Task 5 33.40 (21.64) 46.53 (23.33) 1724.363 506.392 3.405 .073 

Task 6 29.75 (19.22) 49.14 (28.30) 3761.660 585.276 6.427 .015 

Task 7 19.38 (15.37) 52.34 (28.28) 10862.957 517.952 20.973 .001 

 

 

Figure 6.5 Overall gaze percentages on AOIs based on relevance (Interface) 
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gazed more on the right vertical menu on the homepage (22.07% vs. 10.94%) and 

looked less frequently at the remaining area, which were irrelevant areas (52.23% vs. 

71.10%) to complete the tasks than did the older adults with the original interface.  

 

 

Figure 6.6 Overall gaze percentages on AOIs (Interface) 
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original interface to the newly suggested interface of the internet-based telemedicine 

system (Figure 6.7).  

 

Table 6.5 Interface effects on number of fixation points [mean (SD)] 

 
Mean of Original 

Interface 
Mean of New    

Interface 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Overall 451.93 (185.40) 264.64 (93.90) 346233.515 23371.431 14.814 .001 

Task 1 568.01 (398.02) 340.40 (239.55) 518039.174 107899.609 4.801 .035 

Task 2 513.52 (391.77) 137.00 (77.28) 1417671.353 79726.251 17.782 .001 

Task 3 378.55 (334.61) 222.95 (182.78) 242098.644 72687.173 3.331 .076 

Task 4 178.55 (163.64) 211.15 (175.70) 10627.706 28824.410 .369 .547 

Task 5 342.14 (162.49) 220.85 (184.19) 147113.063 30165.174 4.877 .033 

Task 6 428.20 (357.83) 310.90 (275.70) 137592.891 102026.426 1.349 .253 

Task 7 754.56 (569.74) 417.75 (308.32) 1134375.194 209832.524 5.406 .026 

 

Figure 6.7 Number of fixation points (Interface) 
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6.1.6 Fixation Duration Mean 

 The data of fixation duration did not satisfy normality assumption for 

MANOVA even after the data transformation, so the Kruskal-Wallis nonparametric 

test was applied. Overall, there was a statistically significant difference found in the 

fixation duration mean between the two groups who used different interfaces (p < 

0.001, Table 6.6). The average fixation duration of the group with the original 

interface was longer with a mean of 0.237 seconds (SD = 0.1456) while that of the 

modified interface was shorter with a mean of 0.152 seconds (SD = 0.1364). Task 

specifically, the group with the new interface showed significant shorter fixation 

duration than with the original interface in every task (Task 1: p < 0.001, Task 2: p < 

0.001, Task 3: p < 0.001, Task 4: p < 0.003, Task 5: p < 0.001, Task 6: p < 0.001, 

Task 7: p < 0.001).   

 

 

 

Table 6.6 Interface effects on fixation duration [mean (SD) and rank mean] - Kruskal-

Wallis Test 

 
Mean of 
Original 

Interface (sec.) 

Mean of      
New Interface 

(sec.) 

Mean Rank of       

Original 

Interface 

Mean Rank  

of New 

Interface 

Chi-

Square 
P-Value 

Overall .237 (.1456) .152 (.1364) 30.10 10.90 26.974 .001 

Task 1 .157 (.0630) .271 (.3310) 30.50 10.50 29.268 .001 

Task 2 .170 (.0525) .260 (.4391) 29.15 11.85 21.899 .001 

Task 3 .312 (.6709) .057 (.0576) 28.70 12.30 19.680 .001 

Task 4 .262 (.1585) .107 (.2896) 25.90 15.10 8.535 .003 

Task 5 .237 (.1327) .068 (.0681) 26.65 14.35 11.070 .001 

Task 6 .206 (.1266) .155 (.2405) 29.75 11.25 25.043 .001 

Task 7 .312 (.1946) .148 (.1683) 28.30 12.70 17.807 .001 

 



Texas Tech University, Young Ji Chun, Dec 2014 

115 

6.1.7 Number of Errors 

The data of number of errors did not satisfy normality assumption for 

MANOVA even after data transformation, so the Kruskal-Wallis nonparametric test 

was applied. When comparing the number of errors occurred between the original 

interface and the new interface, a significant difference was found (p < 0.001, Table 

6.7). The average number of errors made with the original interface was 2.59 (SD = 

0.975), while that with the new modified interface was 0.55 (SD = 0.480). 

 The number of errors decreased with the new interface from 4.10 to 1.05 in 

Task 1 (p < 0.029), 2.90 to 1.05 in Task 2 (p < 0.009), from 1.35 to 0.35 in Task 3 (p < 

0.041), and from 2.15 to 0.00 in Task 4 (p < 0.001), from 2.55 to 0.05 in Task 5 (p < 

0.001), from 1.30 to 0.30 in Task 6 (p < 0.038), and from 3.75 to 1.05 in Task 7 (p < 

0.003). For Task 4, no participant made an error with the new interface (Figure 6.8). 

  

Table 6.7 Interface effects on number of errors [mean (SD) and rank mean] - Kruskal-

Wallis Test 

 
Mean of 
Original 
Interface 

Mean of   
New  

Interface 

Mean Rank of       

Original 

Interface 

Mean Rank of 

New   

Interface 

Chi-

Square 
P-Value 

Overall 2.59 (.975) .55 (.480) 30.15 10.85 27.399 .001 

Task 1 4.10 (4.576) 1.05 (1.432) 24.40 16.60 4.793 .029 

Task 2 2.90 (2.511) 1.05 (1.356) 25.18 15.83 6.864 .009 

Task 3 1.35 (1.954) .35 (.933) 22.88 16.13 4.465 .041 

Task 4 2.15 (2.134) .00 (.000) 27.50 13.50 19.808 .001 

Task 5 2.55 (2.098) .05 (.224) 28.83 12.18 24.453 .001 

Task 6 1.30 (1.976) .30 (.571) 22.78 16.23 4.612 .038 

Task 7 3.75 (3.193) 1.05 (2.064) 25.78 15.23 8.894 .003 
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Figure 6.8 Number of errors (Interface) 
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37.14% and 23.57% with the new interface, respectively. None of the older adults in 

the second group with the new interface used a random jumping search strategy, while 

2.14% of the time the first older adult group used it when performed on the original 

interface (Figure 6.9). 

 

Table 6.8 Interface effects on search strategies [mean (SD)] 

 
Mean of Original 

Interface 
Mean of New 

Interface 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Overall 1.264 (.6637) 1.786 (.9803) 10.681 .421 25.345 .001 

Task 1 1.400 (.7539) 1.900 (1.0208) 2.500 .805 3.105 .086 

Task 2 1.500 (.8885) 2.200 (1.0053) 4.900 .900 5.444 .025 

Task 3 1.100 (.4472) 2.000 (1.0260) 8.100 .626 12.933 .001 

Task 4 1.300 (.7327) 2.000 (1.0260) 4.900 .795 6.166 .018 

Task 5 1.200 (.6156) 1.900 (1.0208) 4.900 .711 6.896 .012 

Task 6 1.250 (.6387) 1.400 (.8208) .225 .541 .416 .523 

Task 7 1.100 (.4472) 1.100 (.4472) .000 .200 .000 1.000 

 

 

Figure 6.9 Overall percentage of search strategy (Interface)  
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6.1.9 Heatmap 

Throughout all tasks, the older adults with the modified interface focused less 

on the non-AOIs and looked at fewer areas on the homepage than with the original one 

in general. They were not distracted much by the remaining areas. 

For easy tasks, the older adults with the new interface tended to gaze only on a 

couple of  parts of either the main menu or the right vertical menu (Figure 6.10 & 

Figure 6.11). They clicked the target and proceeded to the next page more quickly 

without scanning whole navigation menus compared to using the original interface.  

 

 
Figure 6.10 Heatmap I of one older adult in an easy task on the new interface 
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Figure 6.11 Heatmap II of one older adult in an easy task on the new interface 

 

For medium level tasks, the older group with the new interface mainly tended 

to view menu bars, which shows the similar visual exposure as with the original 

interface. However, they scanned fewer contents on the menu bars (Figure 6.12). 

 

 

Figure 6.12 Heatmap of one older adult in a medium difficulty task on the new 

interface 
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When using the modified interface for a difficult task, the older adults gazed 

across all the menu areas on the homepage. Unlike using the original interface, they 

stayed mostly on AOIs without much distraction by the non-AOI areas (Figure 6.13). 

 

 

Figure 6.13 Heatmap of one older adult in a difficult task on the new interface 

 

6.1.10 Task Completion Rate  

Overall, there was a significant difference between the two groups' task 

completion rate with the original interface and the newly modified interface (p < 0.001, 

Table 6.9). The group with the original interface showed 79.29% of the task 

completion rate (SD = 15.00) while the other group with the new interface performed 

the tasks successfully 97.86% of the time (SD = 5.23).  

In particular, the success rate of task 3 significantly increased from 80.00% to 

100.00% (p < 0.036) when applying the new interface and jumped up from 30.00% to 
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95.00% in Task 7 (p < 0.001, Figure 6.14). Furthermore, except for Tasks 1 and 7, the 

older adults with the new interface completed all tasks. There was no change of the 

task success rate in task 4 since both of the groups showed a 100.00% of success rates.  

 

Table 6.9 Interface effects on task completion rate [mean (SD)] 

 
Mean of Original 

Interface 
Mean of  New 

Interface 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Overall .7929 (.1500) .9786 (.0523) .345 .013 27.328 .001 

Task 1 .7500 (.4443) .9000 (.3078) .225 .146 1.541 .222 

Task 2 .8500 (.3664) 1.000 (.0000) .225 .067 3.353 .075 

Task 3 .8000 (.4104) 1.000 (.0000) .400 .084 4.750 .036 

Task 4 1.000 (.0000) 1.000 (.0000) .000 .000 . . 

Task 5 .9500 (.2236) 1.000 (.0000) .025 .025 1.000 .324 

Task 6 .9000 (.3078) 1.000 (.0000) .100 .047 2.111 .154 

Task 7 .3000 (.4702) .9500 (.2236) 4.225 .136 31.175 .001 

 

Figure 6.14 Task completion rate 
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6.1.11 Task Completion Time 

Overall, a significant difference was found in task completion time between 

the two groups (p < 0.001, Table 6.10). The task completion time with the original 

interface was 87.8 seconds (SD = 34.49) while the older adults with the new interface 

showed 24.8 seconds (SD = 12.99). 

All tasks, except Task 1 which decreased from 95.7 to 56.7 seconds (p < 

0.072), showed significant a decrease in task completion time (Figure 6.15). The task 

completion time was significantly dropped with the new interface from 80.3 to 18.8 

seconds in Task 2 (p < 0.001), from 73.4 to 11.1 seconds in Task 3 (p < 0.001), from 

46.3 to 7.5 seconds in Task 4 (p < 0.001), from 82.2 to 7.8 seconds in Task 5 (p < 

0.001), from 73.7 to 23.0 seconds in Task 6 (p < 0.001), and from 163.0 to 48.9 

seconds in Task 7 (p < 0.001).  

 

Table 6.10 Interface effects on task completion time [mean (SD)] 

 
Mean of Original 

Interface 
Mean of  New 

Interface 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Overall 87.76 (34.493) 24.81 (12.994) 39627.025 679.311 58.334 .001 

Task 1 95.65 (77.363) 56.70 (53.561) 15171.025 4426.862 3.427 .072 

Task 2 80.30 (65.266) 18.75 (21.628) 37884.025 2363.736 16.027 .001 

Task 3 73.40 (75.003) 11.05 (11.596) 38875.225 2879.941 13.499 .001 

Task 4 46.25 (43.576) 7.55 (5.633) 14976.900 965.282 15.516 .001 

Task 5 82.15 (59.901) 7.75 (4.241) 55353.600 1803.061 30.700 .001 

Task 6 73.65 (63.119) 22.95 (14.691) 25704.900 2099.934 12.241 .001 

Task 7 162.90 (61.729) 48.90 (58.218) 129960.000 3599.884 36.101 .001 

 



Texas Tech University, Young Ji Chun, Dec 2014 

123 

Figure 6.15 Task completion time 

 

6.1.12 Satisfaction with ASQ 

Significant differences were found in subjectively perceived satisfaction 

measured by ASQ in the context of task ease, completion time, and support 

information. The three questions were “overall, I am satisfied with the ease of 

completing this task”, “overall, I am satisfied with the amount of time it took to 

complete this task”, and “overall, I am satisfied with the support information when 

completing this task” (p < 0.001; p < 0.001; p < 0.001, Table 6.11). A score of 1 

indicates strong satisfaction and a score of 7 indicates strong dissatisfaction. In all the 

three categories, satisfaction ratings of the older adult group with the new interface 

were significantly lower than the ones with the original interface, which indicates that 

the group with the new interface was more satisfied (Figure 6.16). The group who 

used the original interface perceived their ease of task as 3.30 out of 7, which is 

around normal difficulty. Meanwhile, the group with the new interface showed a 
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rating of 1.86, which indicates that they perceived the same task much easier. In terms 

of task competition time, the group with the original interface perceived their 

performance time as a rating of 3.48 out of 7, while the other group was more satisfied 

with their completion time with a rating of 1.77. In the context of satisfaction for 

support information on the interface, the group with the original interface showed an 

average rating of 3.58, around medium satisfaction, while the group with the new 

interface showed 1.7, which was higher satisfaction. Overall, the older adults who 

used the new interface expressed higher satisfaction compared to the group with the 

original interface.  

 

Table 6.11 Interface effects on satisfaction using ASQ [mean (SD)] 

 
Mean of Original 

Interface 
Mean of  New 

Interface 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Question 1 3.30 (1.053) 1.86 (.666) 20.613 .776 26.566 .001 

Question 2 3.48 (1.154) 1.77 (.643) 29.143 .873 33.387 .001 

Question 3 3.58 (.987) 1.70 (.703) 35.290 .734 48.078 .001 



Texas Tech University, Young Ji Chun, Dec 2014 

125 

 

 

Figure 6.16 ASQ satisfaction ratings 

 

6.1.13 Satisfaction with SUS 

When considering satisfaction measured by SUS, all ten items had 

significantly different responses between the two groups who used the original 

interface and the new interface of the internet-based telemedicine system (all p < 

0.050, Table 6.12).  A higher rating value close to 5 indicates stronger agreement, and 

a lower one close to 1 indicates stronger disagreement.  

The older adults who used the modified interface responded more positively 

claiming they would like to use this website frequently, the website was easier to use, 

the various functions were well integrated, most people would learn quickly to use the 

website, and they felt very confident using the website. Furthermore, they more 

strongly disagreed with negative questions such as the website was unnecessarily 
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complex, they would need assistance to use the website, there was too much 

inconsistency in the website, the website was very awkward to use, and they needed to 

learn a lot of things before they could get going with this website.  

 

Table 6.12 Interface effects on satisfaction using SUS [mean (SD)] 

 
Mean of Original 

Interface 
Mean of New      

Interface 
Mean 

Squares 
Error Mean 

Square 
F P-Value 

Question 1 2.95 (1.468) 4.00 (.918) 11.025 1.499 7.356 .010 

Question 2 1.90 (1.294) 3.25 (.910) 18.225 1.251 14.565 .001 

Question 3 2.65 (1.137) 3.95 (.945) 16.900 1.092 15.475 .001 

Question 4 2.35 (1.496) 3.60 (.754) 15.625 1.404 11.129 .002 

Question 5 3.20 (1.196) 3.95 (.945) 5.625 1.162 4.841 .034 

Question 6 2.20 (1.281) 3.35 (.933) 13.225 1.257 10.525 .002 

Question 7 2.65 (1.268) 4.25 (.851) 25.600 1.166 21.959 .001 

Question 8 1.80 (1.473) 3.35 (.988) 24.025 1.572 15.279 .001 

Question 9 2.65 (1.309) 4.00 (1.076) 18.225 1.436 12.696 .001 

Question 10 1.80 (1.576) 3.50 (.761) 28.900 1.532 18.869 .001 

 

 

6.2 Addressing the Hypotheses  

In study II, a total of nine hypotheses were initially established. The following 

are results of the hypotheses testing in Study II (Table 6.13):  

H8: Elapsed time to look at the target on the homepage on the modified interface 

was significantly shorter than on the original interface 

H9: Percentage of success of scanning the target on the homepage on the modified

 interface was significantly higher than on the original interface 
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H10: Time spent looking at the selected Areas of Interest (AOIs) on the modified

 interface was significantly higher than on the original interface 

H11: Number of fixation points to find information on the modified interface was 

significantly less than on the original interface 

H12: Fixation duration to find information on the modified interface was 

 significantly less than on the original interface 

H13: Number of errors on the modified interface was significantly less than on 

 the original interface 

H14: Older adults use more efficient search strategies with the newly modified 

interface than with the original interface. 

H15: Task completion rate on the modified interface was significantly higher than 

 on the original interface 

H16: Task completion time on the modified interface was significantly less than 

 on the original interface 

H17: Satisfaction on the modified interface was significantly higher than on the 

 original interface 
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Table 6.13 Interface effect summary 

Hypothesis 
Dependent 
Variables 

Mean of 
Original 
Interface 

Mean of  
New 

Interface 

Mean 
Squares 

Error Mean 
Square 

F 
P-

Value 

H8 

Elapsed time to 
look at the 
target on the 
homepage 

67.650 
(30.729) 

10.519 
(8.528) 

31802.827 520.283 61.126 .001 

H9 

Percentage of 
success of 
scanning the 
target on the 
homepage 

.8143 
(.1319) 

.9714 
(.0586) 

.247 .010 23.701 .001 

H10 
Gaze 
percentage on 
AOIs 

28.95 
(14.00) 

46.77 
(15.76) 

3193.190 222.151 14.374 .001 

H11 
Number of 
fixation points 

451.93 
(185.39) 

264.64 
(93.90) 

346233.51 23371.431 14.814 .001 

H12 
Fixation 
duration 

.237  
(.1456) 

.152 
(.1364) 

- - 26.974 .001 

H13 
Number of 
errors 

2.59  
(.975) 

.55  
(.480) 

- - 27.399 .001 

H14 
Search 
Strategies 

1.264 
(.6637) 

1.786 
(.9803) 

10.681 .421 25.345 .001 

H15 
Task 
completion rate 

.7929 
(.1500) 

.9786 
(.0523) 

.907 .013 25.345 .001 

H16 
Task 
completion time 

87.76 
(34.493) 

24.81 
(12.994) 

39627.025 679.311 58.334 .001 

H17 
Satisfaction 
rating scores 
with ASQ 

3.30 
(1.053) 

3.48 
(1.154) 

3.58  
(.987) 

1.86  
(.666) 
1.77  

(.643) 
1.70  

(.703) 

20.613  
29.143 
35.290 

.776 

.873 

.734 

26.566  
33.387  
48.078 

All .001 

H17 
Satisfaction 
rating scores 
with SUS 

2.95 (1.468) 
1.90 (1.294) 
2.65 (1.137) 
2.35 (1.496) 
3.20 (1.196) 
2.20 (1.281) 
2.65 (1.268) 
1.80 (1.473) 
2.65 (1.309) 
1.80 (1.576) 

4.00 (.918) 
3.25 (.910) 
3.95 (.945) 
3.60 (.754) 
3.95 (.945) 
3.35 (.933) 
4.25 (.851) 
3.35 (.988) 
4.00 (1.076) 
3.50 (.761) 

11.025  
18.225  
16.900  
15.625   
5.625   
13.225  
25.600  
24.025  
18.225  
28.900 

1.499  
1.251  
1.092  
1.404  
1.162  
1.257  
1.166  
1.572  
1.436  
1.532 

7.356 
14.565  
15.475 
11.129 
4.841 
10.525 
21.959  
15.279  
12.696  
18.869 

All 
< .050 
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6.3 Performance and Satisfaction of Second Older Group vs. Younger Group  

 Additionally, the performance and satisfaction results of the older adults with 

the new interface were compared to those of the younger adult group in Study I to 

identify if the newly modified interface significantly led to better performance and 

higher satisfaction than even the younger adults did with the original interface. The 

older adults with the modified interface showed significantly higher task completion 

rate (97.86% vs. 90.23%, p < 0.001), faster task completion time (24.81 sec. vs. 

58.15 sec., p < 0.001), and made a lower number of errors (0.55 vs. 2.57, p < 0.001) 

than the younger adults with the original interface (Table 6.13). Satisfaction scores 

with ASQ were significantly different because the older adults with the new interface 

were highly satisfied with task easiness, completion time, and support information 

(1.8643 vs. 3.1429, p < 0.001; 1.7714 vs. 3.1278, p < 0.001; 1.7000 vs. 3.0376, p < 

0.001). In terms of SUS, seven out of ten questions received significantly more 

positive responses while the others did not show statistical differences (Table 6.14). 
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Table 6.14 Statistical test results of between-subjects effects of second older group vs. 

younger group 

Dependent 
Variables 

Mean of 
Younger 
Adults 

Mean of  New 
Older Adults Mean Squares F P-Value 

Task completion 
rate 

.9023 
(.0682) 

.9786 
(.0523) 

.057 15.459  .001 

Task completion 
time 

58.15 
(14.864) 

24.81 
(12.994) 

10832.642 55.785  .001 

Number of 
errors 

2.57   
(1.048) 

.55      
(.480) 

39.820 61.026  .001 

Satisfaction 
rating scores 
with ASQ         
(3 questions)   

3.14 (1.042) 
3.13 (1.089)  
3.04 (1.076) 

1.86 (.666)  
1.77 (.643) 
1.70 (.703)   

15.928  
17.926  
17.433 

21.064    
22.718    
21.334 

 .001   
 .001 
 .001 

Satisfaction 
rating scores 
with SUS       
(10 questions) 

3.05 (1.353) 
1.89 (1.049) 
3.37 (1.165) 
3.00 (1.333) 
3.11 (.994) 

2.21 (1.084) 
3.26 (1.485) 
2.47 (1.307) 
3.32 (1.057) 
2.79 (1.316)  

4.00 (.918) 
3.25 (.910) 
3.95 (.945) 
3.60 (.754) 
3.95 (.945) 
3.35 (.933) 
4.25 (.851) 
3.35 (.988) 
4.00 (1.076) 
3.50 (.761) 

8.745    
17.896    
3.296      
3.508      
6.953    
12.651    
9.489      
7.482      
4.561      
4.919 

6.610     
18.632     
2.947       
3.032       
7.405     
12.414     
6.570       
5.617       
4.008       
4.317 

 .014            
 .001           
 .094           
 .090           
 .010           
 .001           
 .015           
 .023           
 .053            
 .045 

 

6.4 Discussions 

The original interface was modified in accordance with the findings on visual 

behavior and error making in Study I for older adults. The newly modified interface 

led to significantly better task performance and higher satisfaction for the older adults 

on the internet-based telemedicine system by supporting more effective and efficient 

information searches. The older adults who used the new interface fixated their gaze 

on the homepage target much more quickly by showing shorter elapsed time to look at 

the homepage target. With the new interface, the older adults found the first correct 

target for obtaining required information more quickly right after starting a task, and 
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in many cases proceeded immediately to the next page once they found the target. 

Furthermore, the older adults succeeded at scanning the correct target on a homepage 

with the new interface more frequently. The new interface was easier for older adults 

to find a given target compared to the original interface. 

Interestingly, the scanpath data revealed that the older adults used less 

sequential search strategies with the modified interface. Since the participants with the 

new interface found a target faster and more intuitively than with the original interface, 

they did typically not need to approach with a sequential search. In addition, as found 

in Study I, the users tended to apply a sequential search strategy with the more 

difficult tasks. Therefore, the results of the search strategy in study II indicate that the 

same tasks with the modified interface were perceived relatively easier for older adults.  

With the newly modified interface, the older adults focused more frequently on 

the AOIs. They looked more often at the areas that contained the relevant information 

for finding the target. In other words, they were less distracted by irrelevant elements 

or secondary information on the newly modified homepage interface. The new 

interface aided the older adults in staying mostly on the essential areas where the 

menu bars were located. 

The older adults with the new interface showed a much lower number of 

fixation points, which implies that they had more efficient information searches since 

the number of fixations is negatively correlated with search efficiency (Goldberg and 

Kotval,1998).This implication is consistent with the findings of the search strategy 
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based on the scanpaths. The older adults who utilized the modified interface had faster 

task completion time than those with the original interface. The older adults took 

much less time to perform exactly the same task on the new interface. Task 

completion time a direct measure to evaluate efficiency of a system. Therefore, the 

newly modified interface proved its higher efficiency than the original interface. 

 At the same time, the older adult group with the new interface showed 

significantly shorter fixation duration mean which is an indicator of level of cognitive 

effort required to perform a task. Shorter fixation duration implies that less cognitive 

load is needed compared to longer fixation duration (Rayner & Liversedge, 2004; 

Alves, Pagano, & Silva, 2010; Sjørup, 2010). Therefore, it can be interpreted that the 

older adults with the new interface experienced less cognitive effort for competing the 

same task. 

In addition, the older adults made a significantly lower number of errors on the 

new interface. This result can be interpreted that the modified interface led to higher 

accuracy. The participants with the new interface also showed higher task completion 

rates compared to the older adults with the original interface. The newly modified 

interface allowed older adults to have a higher successful task performance rate and to 

accomplish their mission more frequently and successfully. Both the number of errors 

and task completion rate are indicators for a level of effectiveness of a system. The 

new interface generated greater effectiveness of the interface than the original 

interface for older adults to find health related information. 
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The older adults with the new interface showed greater satisfaction in various 

items. They were more highly satisfied with task related items such as the task ease, 

completion time, and the support information. Furthermore, they also showed more 

positive expressions for the overall telemedicine web system by answering all of the 

ten questions from general web usability perspectives. They perceived that the new 

website was easier, better integrated, simpler, more consistent, easier and quicker to 

learn. In the end, they felt more confident to use the web system than did those who 

used the original interface. Overall, the newly modified interface was considered to be 

better for the older adults in many various ways. 

The newly modified interface was tested with a second group of older adults 

with the same tasks and compared to the original interface. The new interface 

supported effective and efficient searches for older adults and ultimately, brought 

better performance and higher satisfaction. It was verified that the new interface 

successfully reflected the characteristics of older adult visual behavior in health 

information searches on an internet-based telemedicine system that the older adults 

utilized the main menu the most and the top menu the least, utilized the right vertical 

menu more frequently, were more confused and hesitated between menus that had 

labels of similar meaning, viewed distracted more areas on the homepage, focusing on 

figures or icons, and tended to spend time reading articles and long paragraphs 

unrelated to health related information searches.  
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CHAPTER VII 

CONCLUSIONS 

7.1 General Conclusions 

Due to the rapid growth of the elderly population, rates of chronic disease, 

concerns about maintaining health, and internet usage, it has become crucial for older 

adults to have the ability to search for health related information whenever needed. 

This research conducted an eye-tracking study with twenty older adults (over 55 years 

old) and nineteen younger adults (between 20 and 33) to identify the visual behavior 

and search strategies of how they acquire health related information on an internet-

based telemedicine system. In addition, this study also examined error characteristics 

that older adults and younger adults make in information searches. It is important to 

reveal actual visual behavior and error patterns to provide more appropriate interfaces 

for older adult users for using internet-based health related systems. So ultimately, a 

more appropriate interface can lead to better performance and higher satisfaction by 

supporting efficient and effective information searches for older adults. 

The visual behaviors of both older and younger adults were compared in detail 

including how they paid initial attention and shifted attention, what type of 

information search strategies they used, which areas on a homepage they viewed, and 

what response selection they made to seek health related information. The older adults 

tended to approach with a different search strategy than the younger adults. The older 

adults tended to use sequential search strategies, while more of the younger adults 

showed a random jumping strategy. However, when a task was more difficult, the 
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younger adults also switched to use a sequential search strategy, which indicates that 

the older adults had a greater cognitive mental workload under the same task. 

Additionally, they were more cautious and conservative while the younger adults were 

more exploratory. The older adults utilized the right area on the homepage as well as 

top area unlike the younger adults who did not really focus on the right side. The right 

side on a homepage should be actively utilized for providing information as well as 

the top part of a page. In this research no indication was found that the left side or 

bottom part of a page was particularly utilized compared to upper and the right parts in 

this study. Menu contents should be located based on the sequence, importance, or 

frequency exhibited by older adult populations.   

Even though no difference was shown in the number of errors between the 

older and younger adults, they committed different types of errors. The older adults 

tended to look at more areas, to read paragraphs or articles, and to be easily distracted 

by accessory features and secondary information. Therefore, it should be considered to 

simplify secondary information and to minimize uncritical features on the homepage. 

They were also more confused between some labels and revisited the same incorrect 

links or pages where they could not find the target information previously. Menu 

labels should be meaningful and distinctive enough so that older adults do not have to 

deliberate to figure out the actual function of each menu item. It was revealed which 

interface factors were specifically associated with the errors found. By redesigning 

those interface features which caused more errors of older adults, it is possible to 
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prevent errors and ultimately lead to better performance and higher satisfaction in 

health related information searches for older adults.  

The findings of visual behavior and search strategies were used as the basis for 

developing more appropriate interfaces of internet-based telemedicine systems for 

older adult users. In accordance with the visual behavior and error characteristics of 

older adults and younger adults, the interface factors that led to inefficient information 

searches and caused the frequent errors of older adults were modified from the original 

interface.  

The newly modified interface was tested with twenty new older adults and 

compared with the original interface to verify whether the new interface had a positive 

influence on use of telemedicine web interface for older adults in health related 

information searches. As expected, applying the interface that considered older adults 

visual behavior led to significantly more efficient search strategies as well as better 

performance and higher satisfaction when older adults searched for health related 

information. The older adults who used the newly modified interface showed more 

efficient search strategies, gazed more quickly on the correct target, proceeded more 

quickly to the next page, focused more frequently on the selected AOIs, showed a 

lower number of fixation points, made a lower number of errors, took less time to find 

the information, showed a higher rate of finding the information, and better task 

performance than the other older adults who used the original interface. Furthermore, 
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the older adults with the new interface showed significantly higher satisfaction in 

every single item used to measure the overall telemedicine system. 

This study showed how older adults can be aided with a more appropriate 

interface of an internet-based telemedicine for better information search performance 

and higher satisfaction. Understanding how older adults acquire health-related 

information differently from younger adults was of critical importance to develop 

more suitable interfaces for the elderly population. The newly modified interface that 

considered the characteristics of older adults' visual behavior validated how the new 

interface positively influences older adults' use of an internet-based telemedicine 

system. 

Many older adults will be able to access health related information more 

accurately and quickly to manage their overall health within internet-based 

telemedicine systems that adopted the new interface features brought based on visual 

behaviors. The interface of an internet-based telemedicine system that considers 

elderly visual information processing characteristics provides an opportunity for 

greater effectiveness, efficiency, and satisfaction in their search for important medical 

information for older adults.  
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7.2 Limitations 

In this research, the basic assumptions of eye-tracking were utilized. The paths 

of attention match eye the movements' of users even though attention and eye 

movements may not always be synchronized. It was also assumed that there was no 

lag between gaze scanpath and underlying cognitive processes while performing tasks. 

Another concern is that twenty older adults for the first group and another 

twenty for the second group participated for each experiment. A larger sample size 

would be beneficial to show concrete visual patterns on information searches and 

examine individual differences as well. A larger number of participants will be 

strongly able to represent the elderly population. 

Third, accumulated heatmap of each group could not be obtained due to the 

limited software capabilities. Additional valuable information would be provided if 

each heatmap could be combined to show the overlapped gaze data based on the task 

or the group so it can be identified at once where each group fixated overall most often 

and the least often on a webpage. 

Fourth, even though the older adults were recruited randomly, they may not 

accurately represent the elderly population. The subjects who participated in this study 

were assembled mostly from Lubbock County, Texas in the US. Further, older adults 

who had at least basic internet skills were only selected, and those who had severe 

visual, physical, or mental disability were eliminated from the experiments. 
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7.3 Future Research 

 The first step of future research would be to replicate this study with a larger 

sample size. The current study only investigated two age groups with a total of sixty 

participants recruited in only Lubbock county, TX. With a greater number of 

participants from different regions, it would be possible to carry out more concrete 

visual behaviors and search strategies of both younger adults and older adults.  

 Even though pupil data were not used in this study, future research could 

include this variable to more closely investigate mental workload. Since eye-tracking 

data embrace many different types of data including pupil data, those can be combined 

as well.  Pupil size is closely correlated with cognitive workload to measure how much 

users get mentally overloaded when they perform a task. Therefore, it can be identified 

which interface gives less or more cognitive workload to perform a task not only 

based on self-responded questionnaires but also quantitative physical data. 

The current research can be extended to any other web interface for PCs, 

tablets, or mobile phones that older adults frequently use for viewing websites related 

to health and well-being, retirement, senior activity centers, senior entertainment, or 

travel. Since the elderly population is dramatically growing, any internet-based system 

must provide more suitable interfaces for older adult users. It would also be possible 

for elderly users to select one interface design that fits the most between interface 

alternatives from customized function on a web site. 
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7.4 Overall Conclusions 

Some researchers have stressed the importance of the roles of internet-based 

telemedicine systems and, especially, the needs for proper interface design for older 

adult users to allow them easier access to health care and health-related information 

(Glinkowski & Sawińska, 2008; Seibert et al., 2008).Currently, existing telemedicine 

systems have not considered older adult users in their interface design. 

Understanding how older adults acquire health related information is of critical 

importance to develop more suitable interfaces for older adults. This study showed 

how an interface can be modified based on determining elderly users’ visual behavior 

leading to better performance and higher satisfaction in an application of an internet-

based telemedicine system. Uniquely, insight into visual behaviors and information 

processing on internet-based telemedicine systems was gained by using eye tracking 

data. 

This study developed a modified interface that considered characteristics of 

health information searches for the elderly population in accordance with their actual 

visual behaviors and differences between older and younger adults. The visual 

behaviors specifically included initial attention, attention shifts,  choice selection, 

presented by first target gazed, scanpaths (visual sequences), and target clicks, 

respectively, and search strategies. The interface of internet-based telemedicine 

systems that consider elderly capabilities and limitations will provide greater accuracy, 

faster speed, and higher satisfaction for elderly users. By finding proper information 

and having a better understanding of knowledge related to their health, older adults 
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will be able to more effectively, efficiently, and easily use the systems and make better 

decisions about health related actions.
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Appendix A. HTA (Hierarchical Task Analysis) 

 
0: Manage health  

 

A: VA Home 

 

B: Main menu bar on the top left (horizontal) 

1: HOME  

 1.1: LEARN ABOUT  

  1.1.1: LEARN ABOUT 

  1.1.2: RSS FEEDS 

  1.1.3: PODCASTS - Four radio podcast lists 

  1.1.4: E-LEARNING - Computers/Internet 

  1.1.5: E-TIP ARCHIVE 

 1.2: WHAT'S NEW? 

  1.2.1: WHAT'S NEW 

  1.2.2: WHAT'S NEW ON MHV ARCHIVE 

 1.3: COMING SOON 

 

2: PERSONAL INFORMATION  

 2.1: IN CASE OF EMERGENCY 

  2.1.1: ADD NEW EMERGENCY CONTACT 

 2.2: PROFILE 

  2.2.1: Update Profile Information  

 2.3: DOWNLOAD MY DATA  

2.3.1: Download all of my available data from My 

HealtheVet/Download only my selected data from My 

HealtheVet 

   2.3.1.1: Continue/Cancel  

2.3.2: Blue Button User Guide/Learn More/Protecting Your 

Personal Health Information 

 2.4: ACCOUNT  

  2.4.1: Change Password 

   2.4.1.1: Enter "Password" &Update 

  2.4.2: Account Activity History 

   2.4.2.1: Account Activity Summary  

   2.4.2.2: View Activities within a date range - Search 

  2.4.3: In Person Authentication 

   2.4.3.1: MHV Orientation Video - High and Low Speed 

    Connection 

   2.4.3.2: VA Form, 10-5345a-MHV (PDF) 

 2.5: HEALTH INFORMATION CARD (VS. Change your Password) 

  2.5.1: Print/Done 
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3: PHARMACY 

 3.1: RX REFILL 

  3.1.1: Refill Prescriptions  

  3.1.2: Prescriptions History  

  3.1.3: Meds, OTC, Herbals, & Supplements 

3.1.3.1: View Medications, OTCs, Herbals & 

Supplements Information - Add New 

 3.2: MEDICATIONS + SUPPLEMENTS 

  3.2.1: VA Medications List  

  3.2.2: Self-Entered Medications + Supplements  

   3.2.2.1: Leads to Task 3.1.3.1 

 

4. RESEARCH HEALTH 

 4.1: HEALTHY LIVING CENTERS  

  4.1.1: Healthy Eating  

  4.1.2: Physical Activity  

  4.1.3: Smoking + Tobacco Use Cessation 

  4.1.4: Separation from Active Duty  

  4.1.5: Caregiver Assistance  

  4.1.6: Healthy Sleep 

  4.1.7: Emergency Preparedness  

  4.1.8: Medications: Play It Safe  

  4.1.9: Spirituality 

  4.1.10: Spinal Cord Injury 

  4.1.11: Tip of the day 

   4.1.11.1: Previous Day's Tip/Today's Tip/Next Day's Tip 

 4.2: DISEASES + CONDITION CENTERS 

  4.2.1: Services Related Conditions - 16 different conditions  

  4.2.2: Common Conditions  

   4.2.2.1: Brain - Mental Health/Stroke 

4.2.2.2: Heart - Coronary Heart Disease/Heart 

Failure/High Blood Cholesterol/Hypertension/Stroke 

   4.2.2.3: Cancer - Breast Cancer/Colorectal Cancer 

4.2.2.4: Infectious Diseases – 

Cold/HepatitisC/HIV/AIDS/ Influenza/Preventing 

Infection 

   4.2.2.5: Diabetes – Diabetes/Diabetic Retinopathy 

4.2.2.6: Eyes - Age-Related Macular 

Degeneration/Cataracts/ Diabetic 

Retinopathy/Glaucoma 

4.2.2.7: Mental Health - Bipolar 

Disorder/Depression/PTSD/ Schizophrenia 

 4.3: MENTAL HEALTH 

  4.3.1: My HealtheVet Learning Center  



Texas Tech University, Young Ji Chun, Dec 2014 

163 

  4.3.2: Screening Tools 

  4.3.3: Considering Professional Help 

  4.3.4: For More Information 

   4.3.4.1: Alcohol Use – Alcoholism/Drinker’s Check–up 

4.3.4.2: Posttraumatic Stress Disorder - Posttraumatic 

Stress Disorder  

   4.3.4.3: Bipolar Disorder - Bipolar Disorder 

   4.3.4.4: Schizophrenia - Schizophrenia 

   4.3.4.5: Depression – Depression/Depression Tutorial 

   4.3.4.6: Substance Abuse - Drug Abuse 

 4.4: MEDICAL LIBRARY 

  4.4.1: MedlinePlus 

  4.4.2: HealthWise 

 

5. GET CARE  

 5.1: CARE GIVERS 

  5.1.1: Providers and Physicians - Add New/View More 

 5.2: TREATMENT FACILITIES 

  5.2.1: Treatment Locations - Add New/View More 

 5.3: MY COVERAGE 

  5.3.1: Health Insurance- Add New/View More 

 5.4: HEALTH CALENDAR 

  5.4.1: Sorting by Day, Week, Month, List Views, To-Do's 

  5.4.2: Add Event/Add To-Do/Search 

5.4.3: Showing Event Types - Federal Holidays(Observed)/Flu 

Shots/ Holidays/Local Events/My Recovery Plan Events/My 

Tasks/ National VA Events/Personal Events/VISN Regional 

VA Events - View Change/Preferences for VA Local and 

National Events 

 

6. TRACK HEALTH  

 6.1: VITALS + READINGS  

  6.1.1: Blood Pressure - Add New/View More 

  6.1.2: Heart Rate - Add New/View More 

  6.1.3: Body Weight - Add New/View More 

  6.1.4: Body Temperature - Add New/View More 

  6.1.5: Pain - Add New/View More 

  6.1.6: Blood Sugar - Add New/View More 

  6.1.7: Cholesterol (Lipids Profile) - Add New/View More 

  6.1.8: Pulse Oximetry - Add New/View More 

6.1.9: International Normalized Ratio (INR) - Add New/View 

More 

 6.2: LABS + TESTS 

  6.2.1: Self-Entered Tests - Add New/View More 
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 6.3: HEALTH HISTORY  

  6.3.1: Allergies - Self-Entered Allergies - Add New/View More 

  6.3.2: Immunization - Add New/View More 

  6.3.3: Medical Events - Add New/View More 

  6.3.4: Personal Health Summary - Add New/View More 

  6.3.5: Family Health History - Add New/View More 

  6.3.6: Military Health History - Add New/View More 

 6.4: JOURNALS 

  6.4.1: Food Journal - Add New/View More 

  6.4.2: Activity Journal - Add New/View More 

 

7. MHV COMMUNITY  

 7.1: VA BENEFITS  

  7.1.1: VA Health Benefits 

   7.1.1.1: VA Health Benefits - Leads to Task 7.1.1  

   7.1.1.2: Enrollment + Coverage 

   7.1.1.3: Dependent Benefits 

   7.1.1.4: Rehabilitation 

   7.1.1.5: Specific Illnesses + Conditions 

  7.1.2: Other VA Benefits (Non-Health Benefits)  

   7.1.2.1. Twelve Non-Health benefits 

  7.1.3: VA Forms 

   7.1.3.1: Most Requested Forms - Ten forms 

7.1.3.2: Not finding what you are looking for? Try here! 

VA forms 

 7.2: EVENTS + PROGRAMS 

  7.2.1: VA Special Events 

  7.2.2: VA Special Programs 

 7.3: VA HONORS VETERANS 

  7.3.1: Message to Veterans 

  7.3.2: Veteran Tribute 

  7.3.3: Veterans Voices Magazine 

  7.3.4: Veterans Voices Featured Article 

 7.4: GET INVOLVED 

  7.4.1: Voluntary Service 

  7.4.2: Clinical Trials + Research 

   7.4.2.1: Clinical Trials + Research 

   7.4.2.2: Current Clinical Trials 

  7.4.3: Making a Difference 

   7.4.3.1: Making a Difference - Leads to Task 7.4.3  

  7.4.3.2: Making a Difference Archive 

 7.5: NEWS  

  7.5.1: VA News 

   7.5.1.1: VA News - Leads to Task 7.5.1  
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7.5.1.2: VA News Archive - 2008/2007/2006/2005/2004 

and Older Archive  

  7.5.2: In The Spotlight 

   7.5.2.1: In The Spotlight - Leads to Task 7.5.2  

7.5.2.2: In The Spotlight Archive - Current 

Archive/2010/2009 

 

C: Main menu bar on the top right (horizontal)  

8. VA Facility Locator - Leads to another new window 

  8.1: Enter “Facility type" and "zip code" & Go 

 

9. About MHV  

 9.1: OVERVIEW 

  9.1.1: History of MHV  

  9.1.2: Why Register 

  9.1.3: How to Use MHV 

  9.1.4: Contacting MHV 

  9.2: COMMUNICATIONS RESOURCES 

  9.2.1: MHV in the News  

  9.2.2: Promotional Materials  

 

10. RSS Feeds 

 10.1: Subscribe to the My HealtheVet RSS Feed  

 10.2: Learn More - Leads to Task 1.1.2: RSS FEED 

 

11. Help  

 11.1: General Help 

 11.2: Vitals 

 11.3: Registration 

 11.4: Labs & Tests 

 11.5: Personal Information 

 11.6: Health History 

 11.7: Pharmacy 

 11.8: Journals 

 11.9: Get Care 

 11.10: DS Logon 

 11.11: User Guides 

 

12. FAQs 

 

13. Contact MHV   

 13.1: PLEASE NOTE 

 13.2: Common Issues - Five issues 

 13.3: Frequently Asked Questions (FAQ) - Eight questions 
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14. Search - Enter terms & Go 

 

D: Main menu bar on the right (vertical) 

15. Download My Data - Leads to Task 2: PERSONAL INFORMATION 

 

16. Prescription Refill - Leads to Task 3: PHARMACY 

 

17. Vitals & Readings - Leads to Task 6: TRACK HEALTH 

 

E: Main menu bar on the far upper right (vertical) 

18: Member Login 

 18.1: Login 

   18.1.1: Enter "User ID" and "Password" & Login 

 18.2: REGISTER  

 

F: Main menu bar on the far lower right (vertical) 

19. Quick Links - Seventeen links 

 

 

 



Texas Tech University, Young Ji Chun, Dec 2014 

167 

Appendix B. HFMEA including perceptual, cognitive activities, and system demands 

Table 3.1HFMEA (Human Failure Modes and Effects Analysis) by the tasks for older adult users 

Tasks(no. 
above) 

Possible Human Failure 
Mode 

(Errors) 

Perceptual/Cognitive  Activities                
(system demands) 

Causes Recommendations 

1 
Cannot instantly and 
intuitively find the function 
they want to use 

Need to easily find the task they want 
to do based on menu shown on the 
homepage. 
Inexplicit cues on menu bars may fail 
to catch users' attention.  

Non-descriptive and 
unclear labels  
Poorly organized menu 
items  

Organize menus based on 
importance or frequency  
Only present necessary 
information on the 
homepage 

1.1 & 1.1.1 
Users may not understand 
about what topic they could 
learn  

User may expect to learn about the 
web application and its main menus 
(functions) such as "Get Care" or 
"Pharmacy"  

Non-descriptive labels User more descriptive labels  

1.1.2 
Users may not understand 
what "RSS FEEDS" is about, 
Redundant with 10 

User may not know how important 
this is, if they should learn or not 

Not located under 
proper category 

Can be moved under 10.2 

1.1.3 
Users may not find it under 
this category 

Users are required to find this menu 
under 1.1 even though it is more 
related to 4  

Not located under 
proper category 

Should be under another 
category 

1.1.4 
Users may not find specific 
issues they want to learn 

Users may confused it is about 
learning something through (via) 
internet or learning about internet 

Non-descriptive labels  
Not categorized issues 
 

Provide  help function 
sorted by specific issues 
with a clear way 

1.1.5 
Users may not understand 
about what topic they could 
learn  

User may not distinguish between 
this and 1.1.4 

Non-descriptive, non-
intuitive labels 
Incorrect organization 

Use more descriptive label 
Combine with 1.1.4 

1.2 & 1.2.1 
May conflict with 5.4.3, 7.2, 
7.5, & 9.2.1 

Users may not know "What's new" is 
about (if it's related to MHV news, 
MHV application, general health, 
etc.) 

Confusing menu 
structure, non-
descriptive label 

Need to be revised the 
location under another 
menu or combined with 7.5 

1.2.2 
May not understand what 
"MHV ARCHIVE" contains 

Users may confused with 4 
Heading with non-
familiar terms 

Should be located under 4 

1.3 May conflict with 5.4.3, 7.2, Users may not know "What's new" is Confusing menu Should be relocated 
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7.5, & 9.2.1 
 

about (if it's related to MHV news, 
MHV application, general health, 
etc.) 

structure, non-
descriptive label 

considering 5.4.3, 7.2, 7.5, 
& 9.2.1 

2 

User may try finding health 
records here as the health 
data that can be a part of 
personal information  

Headings that do not match users' 
mental models 

Inappropriate labels  Need to label more properly 

2.1 & 2.1.1 
May not find this function 
properly 

Users may think they could contact 
this information even though the 
system supposed to contact 

Improper location 
Appropriate labels 

Should use different label 
i.e. My Emergency Contact 

2.2 & 2.2.1 May be confused with 2.4  
Users may not know the difference 
with 2.4 

Improper location 
Appropriate labels 

Should use descriptive term 
or combined with 2.4 

2.3 
May try to find other data to 
download 

Users may be confused between 
health related or account/log in data  

Non-descriptive label 
Should indicate what 
information (data) users can 
download 

2.3.1 - - - - 

2.3.2 May fail to find 
Improper location could affect 
negatively users SA 

Improper location 
Should be under 1.1,  9.1, 
or 9.1.3  

2.4.1 - 
2.4.2.2 

- - - - 

2.4.3 May fail to find 
May not understand what this 
function offer or located here under 
"Account" 

Improper location, non-
descriptive label 

Should be under 1.1,  9.1, 
or 9.1.3 

2.4.3.1 May fail to find 
May not understand what this 
function is under "Account" 

Improper location Should be under 1.1 or 9.1  

2.4.3.2 
May fail to find Unnecessary 
redundant with 7.1.3 

May not understand what this 
function is under "Account" 

Improper location 
Need to be moved under 
7.1.3 

2.5 & 2.5.1 May be confused 
Critical and obvious flaw could 
negatively influence users' trust in the 
overall system 

Heading does not 
match the list shown 
on the screen  

Correct the title of the menu 
on the screen to match the 
heading 

3 
May be confused the function 
of some menus 

Critical and obvious flaw could 
negatively influence users' trust in the 
overall system 

Sub menus do not 
match the lists shown 

Sub menus should be 
reorganized 

3.1, 3.1.1, & 
3.1.2 

- - - - 
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3.1.3 & 
3.1.3.1 

May be confused due to 
unnecessary redundant 

Users may wonder why the exactly 
same menus are located to next 
each other with 3.2.2 

Unnecessary 
redundant with 3.2.2 & 
3.2.2.1 

Should be combined with 
3.2 

3.2 May be confused with 3.1.3 
Users may not expect two different 
categories  

Not necessary 
category 

Should be removed 

3.2.1 May be hard to find Users may expect to find it under 3.1 Improper location Should be moved under 3.1 

3.2.2 & 
3.2.2.1 

May be confused due to 
unnecessary redundant  

Users may wonder why the exactly 
same menus are located to next 
each other with 3.1.3 

Unnecessary 
redundant with 3.1.3 & 
3.1.3.1 

Should be removed 

4.1 & 4.1.1-
4.1.10 

May not understand some of 
headings 

Headings that do not match users' 
mental models 

Some technical terms  Use users' term as well  

4.1.11 & 
4.1.11.1 

Hard to find the one users 
are looking for 

Users may not scroll all the way 
down  

Located on the bottom 
Should be shown on the 
homepage 

4.2 
Some parts may be 
redundant with 4.1 and 4.3 

Users may unnecessarily need 
longer time to find the item  

Poor organization 
Order by importance, 
frequency, or alphabet 

4.2.1 
May not know what 'service 
related' mean 

Unclear labels require more workload Non-descriptive label 
Use descriptive label as 
"Military service related" 

4.2.2 & 
4.2.2.1-
4.2.2.7 

Some redundancy between 
4.2.2.1 and 4.2.2.7  

User may check only one category 
between two 

Inappropriate structure 
4.2.2.1 and 4.2.2.7 should 
be combined 

4.3 
Some redundancy with 
4.2.2.1 and 4.2.2.7 

User may check only one category  Inappropriate structure Should be restructured 

4.3.1 May fail to find 
Improper location could affect 
negatively users SA 

Not related with 
"Mental Health" 

Should be moved under 1.1 

4.3.2 -  
4.3.4.6 

- - - - 

4.4 - - - - 

4.4.1& 4.4.2 May hard to find  
Users may visit the system only to 
use this function 

Should go through 
several step to find 

Provide short cut icon on 
the homepage 

5.1 & 5.1.1 Can be confused with labels 
Consistent labels bring clear mental 
maps 

Not consistent labels More clear label is required 

5.2 & 5.2.1 Can be confused with 8 
Similar headings with different 
function can bring  mental overload 

Unclear label More clear label is required 

5.3 & 5.3.1 May be hard to find Users may try to find it under 2 Improper location Should be located under 2 
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5.4 & 5.4.1-
5.4.3 

May not see the one that 
users only want to check 

Too much information at once can 
cause slower information processing 

Not enough sorting 
function 

Need to provide more 
sorting function based on 
care types with different 
color scheme 

6.1 & 6.1.1-
6.1.9 

May not find the list they 
want to add  

Users may want to input another data 
that the system do not provide 

Lists do not match the 
screen 

Additional menu should be 
created so users can enter 
their data which do not exist 
in the lists,  
Should be reorganized 

6.2&6.2.1 - - - - 

6.3 & 6.3.1-
6.3.6 

May not hard to see the trend  

Users may want to check the trend 
throughout whole past history how 
much their health has been improved 
(changed) 

No use of supportive 
graphic or images 

Should provide graphs 

6.4, 6.4.1, & 
6.4.2 

May be not that helpful 
without extra information 

Users may want to know more 
information such as if  they overtake 
calories, sodium or how many 
calories they burn today based on 
the journal 

Not enough supportive 
information provided 

Should provide more 
information about 
recommended nutrition, 
calories, physical activities,  
burning calories, and 
benefits  

7 & 7.1 
May be hard to find the 
function under this category 

Users may expect some other 
functions of 9 here  

Improper location 
Should be combined with 1 
or 9 

7.1.1 - - - - 

7.1.1.1 
May go through unnecessary 
loop  

Unnecessary steps may cause 
negative emotion  

Leads to 7.1.1 Should be removed 

7.1.1.2-
7.1.1.5 

- - - - 

7.1.2 & 
7.1.2.1 

May try to find the menu on 
the left side like on other 
pages 

Inconsistent menu structure may 
make users confused 

No list shown on the 
left 

Should provide consistent 
menu structure 

7.1.3, 
7.1.3.1, & 

7.1.3.2 
May be hard to find 

The location may not match users' 
mental models 

Improper location 
Should be under another 
category 

7.2, 7.2.1 & 
7.2.2 

May try to find regular event 
here 

Users may want to look for all event 
on the same category  

Only special events 
are presented  

Should support not only 
special but also any other 
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event as well 

7.3 - 7.4.1 - - - - 

7.4.2, 
7.4.2.1, & 

7.4.2.2 
May be hard to find 

The location may not match users' 
mental models 

Improper location Can be move to under 4 

7.4.3, 
7.4.3.1, & 

7.4.3.2 

May go through unnecessary 
loop  

Unnecessary steps may cause 
negative emotion 

7.4.3.1 leads to 7.4.3 7.4.3.1 Should be removed 

7.5 Can be redundant with 1.2 
Menu structure that hard to 
understand may cause users' 
frustration 

Similar function exists Should be reorganized 

7.5.1 & 
7.5.1.1 

May go through unnecessary 
loop  

Unnecessary steps may cause 
negative emotion 

7.5.1.1 leads to 7.5.1 7.5.1.1 Should be removed 

7.5.1.2 Cannot find latest data 
Users may try to find newer data 
here 

No update after 2008 
Should be combined with 
7.5.2.2 

7.5.2 & 
7.5.2.1 

May go through unnecessary 
loop  

Unnecessary steps may cause 
negative emotion 

7.5.2.1 leads to 7.5.2 7.5.2.1 Should be removed 

7.5.2.2 
May be confused due to the 
improper headings 

Users may try to find older data here 

Headings do not 
represent its actual 
function (newer vs. 
spotlight) 

Should be combined with 
7.5.1.2 

8 & 8.1 
May not know the facility type 
they need 

Users may not know what types of 
facility they need for their own 
conditions 

Not enough 
information about 
facility type 

Facility type should be 
defined 

9, 9.1, & 
9.1.1-9.1.4 

May be redundant with 7 
Users may look for this information 
under 1 or 7 

Poor structure and 
improper location 

Should be under 1 or 
combined with 7 

9.2, 9.2.1, & 
9.2.2 

May be redundant with 7.5 
Users may look for this information 
under 7.5 

Unnecessary menu 
repetition 

Should be reconstructed 

10 & 10.1 - - - - 

10.2 
May go through unnecessary 
loop 

Unnecessary steps may cause 
negative emotion 

leads to 1.1.2 Should be moved 

11 & 11.1 
May be hard to find the one 
users are looking for 

Users need to look through the lists 
to find the one they want to get help 

Not properly organized 
Clear criteria, sorting 
function should be 
supported for organization 
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11.2-11.11 
Hard to find the one they are 
looking for 

User may want to contact the system 
directly from "Help page" if they could 
not find the one  

Lack of clear 
organization 

Provide sort function by 
importance, menu structure, 
or alphabet 

12 

Hard to find the one they are 
looking for, 
Need too much vertical 
scrolling action 

Users should easily find the item they 
want based on explicit item 
structures 

Poor organization, 
lists, categories, and 
labels,  
Too long information 
on one page 

Provide better organization, 
lists, categories, and labels, 
Should be divided under 
several categories  

13 & 13.1 
Cannot find any contact 
directly  

Users may want to send their 
questions or problems directly  

Contact Help Desk is 
not located here 

Should provide contact 
function they could send 
message/email 

13.2 & 13.3 

Users may have to go 
through two different menus 
to find the answer they are 
looking for 

Users may need to visit two different 
section to find the one they are 
looking for 

Unnecessary division 
between two menus 

Should combined into one 
category 

13.2 & 13.3 - - - - 

14 - 
The redundancy with short cut for 
most widely used item is helpful  

Leads to 2 - 

15 - 
The redundancy with short cut for 
most widely used item is helpful 

Leads to 3 - 

16 - 
The redundancy with short cut for 
most widely used item is helpful 

Leads to 6 - 

17 - - - - 

18, 18.1, & 
18.2 

- - - - 

19 
May not look at this category 
at all 

Non-explicit and non-salient visual 
presentation of items(cues) may fail 
to catch users' attention 

Poor visual 
presentation 

Need to be redesigned 
considering, font size, 
justification, bullets, and 
orders  
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Appendix C. Consent Form 

I, _____________________________________ declare that all the demographic 

information specified by me is the best of my knowledge. I understand all contents of 

this experiment and it is my own decision to participate in this study experiment.  

 

I understand that the principal investigator is Dr. Patrick E. Patterson, and he or his 

authorized representative (the experimenter) Young J. Chun will answer any questions 

I have about the study. I can call Young J. Chun (806-777-5961) or e-mail 

(youngji.chun@ttu.edu).   

 

This study called "Interface Design of an Internet-based Telemedicine System for the 

Elderly" is to develop interface design context-guidelines in internet-based 

telemedicine systems for the elderly. The experiment defines usability testing of the 

interface of the internet-based telemedicine system “My HealtheVet” using an eye-

tracking system. The eye-tracking system will record my eye movements during the 

experiment. I do not need to wear any device attached to my body. The eye-tracking 

system will automatically look at my eye movements. The eye-tracking system needs 

to be calibrated before starting the experiment.  

 

The experiment will take approximately one and a half hours and break time will be 

given. The experimenter is responsible for conducting the experiment and will observe 

the experiment focusing on the website interface, not me or my performance. All the 

information gathered will be kept anonymous and will only be used for experimental 

purposes. I have volunteered of my own will to participate in this experiment. As a 

participant, I have the right to withdraw from the experiment at any time. The benefit 

of the participation is $20 in cash and contributing the research. Even though I 

discontinue the experiment, $20 will be still given. The risk of the participation is no 

greater than those involved in daily living activities. 

 

Briefly I will do following things; 

 Fill out internet questionnaire and take short version of mini mental state 

examination 

 Perform seven tasks after one practice trial task 

 After each task, fill out an after-scenario questionnaire related to the 

corresponding task 

 After completing all the tasks, fill out the modified system usability scale 

questionnaire which concerns the experiment as a whole 

 

This consent form is not valid after May 31st 2013. 

 

Signature_________________________              Date________________________ 

 

Printed name ___________________________________ 
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Appendix D. Demographic Form  

 

Please answer all questions by placing a check mark on the appropriate response. 

Gender: 

____Male 

____Female 

 

Age: ________ 

____19-29 

____30-40 

____55-64 

____65-74 

____75-84 

____85 and over 

 

Ethnicity: 

____Asian 

____ Black / African Descent  

____ East Indian 

____ Latino / Hispanic 

____ Middle Eastern 

____ Native American / Alaska Native 

____ Native Hawaiian or other Pacific Islander 

____ White / Caucasian 

____ Other  

 

Is English your first language? 

____Yes 

____No 
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Educational Qualification: 

____High School 

____Some College 

____Associates Degree 

____Bachelor’s Degree 

____Master’s Degree 

____Ph.D. / Post Doctorate 

 

Eye Sight: 

____ 20/20 Vision 

____ 20/40 Vision 

____ 20/80 Vision 

____ 20/100 Vision 

 

Please select any method been used to correct your vision: 

____ None 

____ Glasses 

____ Contact lenses 

____ Eye surgery 

  

Do you have any physical disability? 

____Yes 

____No 

 

If Yes, please specify what kind of disability you have: 

_______________________________________________________________

_______________________________________________________________ 
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Appendix E. Internet Questionnaire 

 

Please answer all questions by placing a check mark on the appropriate response. 

 

Please select your internet skill level: 

____Novice 

____Average 

____Expert 

 

About how many hours a week do you use the Internet? 

____Never (Skip the rest of the questionnaire) 

____Less than one hour a week 

____Between 1 hour and 5 hours a week 

____Between 6 hours and 10 hours a week 

____Between 11 hours and 15 hours a week 

____More 15 hours a week 

 

How long have you been using the Internet? 

____Less than 6 months 

____Between 6 months and 1 year 

____More than 1 year, but less than 3 years 

____More than 3 years, but less than 5 years 

____More than 5 years 

 

Compared to a year ago, has your use of the Internet changed? 

____No change 

____Increase in use 

____Decrease in use 

 

What was the primary method that you used to learn to use the Internet? 

____I taught myself by exploring it on my own 

____I read books on how to use the Internet 

____I attended a class 

____I learned from a friend or family member 

____I used an online tutorial 

____I used a CD or videotape 

____Other ways:____________________________________________ 

____None of the Above  



Texas Tech University, Young Ji Chun, Dec 2014 

177 

Please specify the frequency with which you have performed each of the following 

activities using the Internet in the past year. 

 

 

Never 

used 

Used 

once 

Used 

occasionally 

(once            

a month          

at least) 

Used 

frequently 

(once            

a week          

at least) 

1. Banking/Money management (e.g., pay bills 

online, buy or sell stocks) 
    

2. Communication (e.g., e-mail, instant messaging)     

3. Community information (e.g., find information 

about community events or religious services) 
    

4. Education (e.g., participate in online degree or 

training program, search for information about 

educational courses or materials, use 

instructional/training software) 

    

5. Employment (e.g., post resume or search for 

information about employment) 
    

6. Entertainment (e.g., purchase tickets for cultural or 

entertainment events, find information about TV or 

radio shows, cultural or entertainment events, or 

information related to hobbies) 

    

7. Government and official issues (e.g., access a 

government website to download standard forms or 

find out information about benefits and programs) 

    

8. Health information (e.g., find information about an 

illness or order medication or health product) 

    

9. News information (e.g., find information about the 

weather, read the newspaper) 

    

10. Shopping (e.g., purchase clothes, search for 

information about a product) 

    

11. Travel (e.g., make airline, train, hotel, or rental 

car reservations, search for maps, travel information) 
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Appendix F. Visual and Mental Assessment Form  

 

Please answer all questions by placing a check mark on the appropriate response. 

 

 

Parkinson's disease: ____Yes    ____No 

 

Seizure and nervous-system disorders: ____Yes    ____No  

 

Amblyopia (lazy eye):____Yes    ____No 

 

Cataracts: ____Yes    ____No  

 

Color blindness: ____Yes    ____No  

 

Glaucoma: ____Yes    ____No  

 

Macular degeneration: ____Yes    ____No  

 

Retinal degeneration: ____Yes    ____No  

 

Retinal detachment: ____Yes    ____No  

 

Strabismus (cross eye):____Yes    ____No  

 

Eye surgeries: ____Yes    ____No 

 

If you had eye surgery, please specify types of the eye surgery: 

 

_____________________________________________________________________

_____________________________________________________________________
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Appendix G. Video Game Experience Questionnaire 

 

Please answer all questions by placing a check mark on the appropriate response. 

 

Have you ever played video games?  

____Yes 

____No 

 

 

Do you currently play video games? 

____Yes 

____No 

 

 

How long have you been playing video games? 

____Less than 1 year 

____Between 1 year and 3 years 

____More than 3 year, but less than 5 years 

____More than 5 years, but less than 10 years 

____More than 10 years 

 

 

How often (approximately) do you currently play video games? 

 ____ Daily  

 ____ Weekly  

    ____Once a month  

 ____ Once a year 

 ____ Less than once a year or never  

 

 

 Please estimate the number of hours per week you play video games: ____ 

 

Which of the following best describes your videogame experience? 

 ____A non-video game player 

 ____A novice video game player 

 ____An occasional video game player 

 ____A frequent video game player 

 ____An expert video game player 
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Appendix H. Short Version of Mini-Mental State Examination 

 

Immediate recall – 3 points 

Say "ball", "flag", "tree" clearly and slowly, about 1 second for each. Ask him/her to 

repeat them after all 3 words were said - the first repetition determines the score.  

 

1. BALL 

2. FLAG 

3. TREE    

Immediate verbal recall subtotal =          /3 

 

 

Delayed recall – 3 points 

Ask the subject to recall the 3 words that previously asked him/her to remember.  

 

4. BALL 

5. FLAG 

6. TREE                                   

Delayed verbal recall subtotal =          /3 

 

 

Total score =         /6 
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Appendix I. Task Scenarios and Optimal Paths 

 

Practice task 1. Log-In to the website 

Scenario: You want to log in to access the website. Your user ID is ____________ 

and password is ______________. 

 Optimal path: Enter "User ID" and "Password" → "Login" 

 

Task 1. Find a facility near me 

Scenario: You want to know if there is any outpatient clinic in Lubbock, which 

associated with "My HealtheVet" website. Your current zip code is "79409."  

 Optimal path: “VA Facility Location” → Enter “Facility: Outpatient clinic, Zip 

Code: 79409” & “Go" 

 

Task 2. View your previous allergy history 

Scenario: You updated a new allergy symptom of "Peanut allergy" and want to check 

the date when it was added in your allergy history.  

 Optimal path:  “Track Health” → “Health History” → "self-entered allergies"  

 

Task 3. Find the phone number of your health care provider (physician) 

Scenario: You want to make a phone call to your primary physician "Dr. Gregory 

House", but you do not have his contact information. You want to know his phone 

number. 

 Optimal path A: “Providers & Physicians” → “Gregory House”  

 Optimal path B: “Get Care” → “Care Givers” → “Gregory House”  

 

Task 4. Find your previous blood pressure 

Scenario: You want to check how much your blood pressure has been changed since 

last time you measured it. So you want to view the record of your blood pressure that 

you added last time. 
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 Optimal path A: “Vitals + Readings” → “Blood Pressure”  

 Optimal path B: “Track Health” → “Vitals + Readings” → “Blood Pressure" 

 

Task 5. View your previous medications information 

Scenario: Last time, you purchased some medication without a prescription to relieve 

your symptoms. But you forgot the name of the medication and want to know what 

medication you took at that time. 

 Optimal path A: “Pharmacy” → “My Medications + Supplements”  

 Optimal path B: “Pharmacy” → “My VA Medication Lists” → “Self-Entered 

Medications + Supplements” 

 Optimal path C: “Prescription Refill” → “Meds, OTCs, Herbals & 

Supplements”  

 

Task 6. Find information for health eating 

Scenario: You are concerned about your eating habit so want to start eating healthier. 

You want to get general information of it such as how to start, benefits, helpful tips, 

etc. 

 Optimal path A: “Research Health” → “Healthy Living Center” → “Healthy 

Eating”  

 Optimal path B: “Medical Library” → “Healthy Living Center” → “Healthy 

Eating”  

 

Task 7.  Launch the 24hr health information radio about National Institute of 

Health (NIH) 

Scenario: You heard that there are several radio stations that provide health 

information. In particular, you want to listen to the radio provided by National 

Institute of Health (NIH). 

 Optimal path: “Learn About” → “U.S. Government Health Podcasts” → “NIH 

Radio” 
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Appendix J. Operator’s Scenario 

Hello. My name is Young-Ji. I am conducting today's experiment, and I am only 

observing the experiment itself, not you or your performance, so please make yourself 

comfortable.   

Today, we are going to test the interface of a telemedicine website called "My 

HealtheVet." This website provides health related information and healthcare services 

via online. During today's experiment, we are going to use an eye-tracking system. 

This system will automatically record your eye movements. I will calibrate the eye-

tracking system just before starting the experiment. 

Be aware that I am not going to use your name but participant ID number instead. 

The data we gather from your interactions with the website will be used anonymously.  

Are you comfortable with chair height? Please make adjustments if you are not 

comfortable.  

You will perform a total of seven tasks. Task descriptions will be given shortly. 

Please read carefully and follow the task description as you would normally complete 

them while sitting at your own computer. When you finish each task, please let me 

know then I can proceed to next one. Once you complete each task, an after-scenario 

survey will be given. So express your impression of the corresponding task. And after 

completing all the tasks, you need to fill out a post-study questionnaire which 

concerns the experiment as a whole. Prior to the start of actual test, you will be given 

one practice task so that you can familiarize yourself with the tasks.  

Please feel free to ask me any questions or concerns prior to the experiment. If 

you have questions during the experiment please ask me, but be aware that I cannot 

answer all questions. And at any point during the test, if you become uncomfortable or 

want to discontinue participation, please let me know. 

Before start the experiment, could you please fill out this demographic survey? 

Could you also sign the consent form that states the experiment has been explained to 

you and you agree to participate?    
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Appendix K. After-Scenario Questionnaire developed by James R. Lewis 

 

For each of the statements below, circle the rating of your choice. 

 

 

1. Overall, I am satisfied with the ease of completing this task. 

        STRONGLY      STRONGLY 

AGREE      DISAGREE 

1  2  3  4  5  6  7    

 

2. Overall, I am satisfied with the amount of time it took to complete this task. 

        STRONGLY      STRONGLY 

AGREE      DISAGREE 

1  2  3  4  5  6  7    

3. Overall, I am satisfied with the support information (on-line help, messages, 

documentation) when completing this task. 

        STRONGLY      STRONGLY 

AGREE      DISAGREE 

1  2  3  4  5  6  7    
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Appendix L. System Usability Scale Questionnaire 

 

Instructions:  For each of the following statements, mark one box that best describes 

your opinions about the website.                                                                         

 

Strongly       Strongly 

               Disagree                    Agree                                                            

1. I think that I would like to use this website 

frequently 

     

2. I found this website unnecessarily complex      

3. I thought this website was easy to use 
     

4. I think that I would need assistance to be able 

to use this website 

     

5. I found the various functions in this website 

were well integrated 

     

6. I thought there was too much inconsistency in 

this website 

     

7. I would imagine that most people would learn  

to use this website very quickly 

     

8. I found this website very awkward to use 
     

9. I felt very confident using this website 
     

10. I needed to learn a lot of things before I 

could get going with this website 
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Appendix M. Participant ID and Task Orders 

Participant 

ID 

Task 

orders 
 

Participant 

ID 

Task 

orders 

 Participant 

ID 

Task 

orders 

Y1 1234567  O1 1632547  ON1 1426537 

Y2 7524361  O2 4213765  ON2 2417365 

Y3 6351724  O3 7143652  ON3 3476124 

Y4 1673425  O4 2754163  ON4 6124573 

Y5 4125376  O5 5647631  ON5 5623741 

Y6 3125647  O6 5763214  ON6 5134267 

Y7 2367451  O7 6321754  ON7 3175462 

Y8 6735412  O8 4573126  ON8 4765123 

Y9 1462357  O9 1762453  ON9 5143726 

Y10 6745213  O10 7521643  ON10 7165342 

Y11 5346127  O11 3762514  ON11 1475362 

Y12 4163275  O12 5214736  ON12 7643512 

Y13 2317465  O13 5436721  ON13 1572634 

Y14 2315476  O14 6472513  ON14 2365174 

Y15 3741265  O15 5764231  ON15 5632741 

Y16 7135642  O16 3517426  ON16 4532761 

Y17 4273516  O17 7156423  ON17 1527643 

Y18 1253764  O18 1632457  ON18 2431657 

Y19 3472165  O19 6137452  ON19 2756314 

   O20 2174365  ON20 3167245 
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Appendix N. Operator’s Packet 

 

1. Before the test 

1) Set up all documents  

 for the participants – demographic survey form, consent form, visual and mental 

assessment form, vision screening questionnaire, MMSE questionnaire, STOFHLA 

questionnaire, internet skill questionnaire, task scenarios, after-scenario questionnaire, and 

SUSQ questionnaire. 

 for the moderator – task scenario with optimal path & observing form, stop watch, 

randomized order of the task for each participant  

2) Log on to the web site and show home page 

3) Explain about the test to the participants 

4) Give them consent form, demographic form, visual and mental assessment form, MMSE 

questionnaire, and internet skill questionnaire  

5) Calibrate the eye-tracking system 

 

2. During the test 

1) Every task starts at the homepage 

2) Write down of task number and Participant ID 

3) Take a note about their performance 

4) If the participant is struggling more than 2 min, let them find another way to do it (do not 

direct them) 

5) Give the after-scenario questionnaire after each task 

 

3. After the test 

1) Give the SUS questionnaire 

2) Post-study dialog about the website interface 

 Ask them neutral question first – How do you think of this website you just used? What 

things did you like/dislike? What things do you think need to be improved? What features 

of website made you satisfy/dissatisfy? 

 No yes/no questions 

3) Thank them and give $20 cash.
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Appendix O. Recruiting Materials for Older Adults 

 

Study Subjects Needed 

Individuals over 55 years old are needed for an experiment for the study called 

"Interface Design of an Internet-based Telemedicine System for the Elderly" 

to develop interface design guidelines in an internet-based telemedicine system for 

the elderly. The experiment defines usability testing of the interface of the internet-

based telemedicine system that provides health related information and healthcare 

services via online.  

 During the experiment, an eye-tracking system will automatically record the 

eye movements. The only thing the participants need to do is use an internet 

website and do not need to prepare anything else before the experiment. The 

experiment will take approximately one and a half hours. The experimenter is 

responsible for conducting the experiment and will observe the experiment 

focusing on the website interface, not the participants. All the information 

gathered will be kept anonymous and will only be used for experimental 

purposes.  

 To appreciate your precious time for the participation, you will receive $20 in 

cash.  

 The principal investigator is Dr. Patrick Patterson, and he or his authorized 

representative (the experimenter) Young J. Chun will answer any questions about 

the study. Contact (806) XXX-XXXX or by e-mail: 

XXXXXX.XXXX@ttu.edufor further information.   
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  Appendix P. Recruiting Materials for Younger Adults 

 

Study Subjects Needed 

Individuals between 19 and 40 years old are needed for an experiment for the 

study called "Interface Design of an Internet-based Telemedicine System for 

the Elderly" to develop interface design guidelines in an internet-based 

telemedicine system for the elderly. The experiment defines usability testing of the 

interface of the internet-based telemedicine system that provides health related 

information and healthcare services via online.  

 During the experiment, an eye-tracking system will automatically record the 

eye movements. The only thing the participants need to do is use an internet 

website and do not need to prepare anything else before the experiment. The 

experiment will take approximately one and a half hours. The experimenter is 

responsible for conducting the experiment and will observe the experiment 

focusing on the website interface, not the participants. All the information 

gathered will be kept anonymous and will only be used for experimental 

purposes.  

 To appreciate your precious time for the participation, you will receive $20 in 

cash.  

 The principal investigator is Dr. Patrick Patterson, and he or his authorized 

representative (the experimenter) Young J. Chun will answer any questions about 

the study. Contact (806) XXX-XXXX or by e-mail: 

XXXXXX.XXXX@ttu.edufor further information.   

 


