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Abstract. In this paper, we describe a concept for an adaptive interface for a
military Personal Health Record (PHR). PHRs are electronic records used by
people to manage their personal healthcare information. In the Military Health-
care System, combat wounded patients encounter a range of challenges due to
the unique nature of the military environment and the severity of their wartime
injuries. These factors affect how people interact with a computer interface. In
many instances, combat wounded patients eventually have assistance from fam-
ily members, professional caregivers, and others. This forms a disparate end-
user population. Because the pool of potential users includes people with a wide
range of cognitive and physical capabilities, an adaptive interface that considers
attributes of health can improve user experiences.
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1 Introduction

In order to meet the needs of disparate users within the Military Healthcare System,
the concept to provide multiple unique interface options to access one person’s Per-
sonal Health Record (PHR) is relevant. Devising PHRs to support different types of
user has been identified as an important and critical challenge of system design [1].
To overcome the challenge of accessibility to a PHR, we propose that a single record
have multiple interfaces based upon user cognitive and physical ability. The users
envisioned for this PHR are people who support the continuum of care for wounded
in action (WIA) military personnel such as patients, family members, and professional
caregivers.

Traditional human-computer interaction (HCI) approaches include examining indi-
vidual differences, but not in the context of single patient multi-user systems with
multiple interfaces. Understanding individual differences is important for HCI models
to improve a single interface and experiences for multiple users, design adaptive inter-
faces that change based upon the interaction of a single user, or to recognize patterns
of search interaction to improve web search [2, 3]. Our proposed approach is different
because it suggests multiple interfaces for a single system based upon
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individual differences. The objective is to deliver the right interface to users based
upon the specific end-user’s ability to interact with the system. For example, patients
may use an interface based upon ability-based designs while family members and
caregivers rely on more typical user-centered designs. Here we outline the role of
PHRs in this context, highlight the military informatics environment that defines usa-
bility requirements, and describe a concept for a PHR adaptive interface.

2 Personal Health Records to Support Combat Wounded

2.1 The Role of Personal Health Records

There are various types of electronic records within the healthcare domain. PHRs and
Electronic Health Records (EHRs) are among the most common. Each is used to
manage patient information, but they have different roles and audiences. The PHR is
typically designed for one person who can grant access to others. PHRs are web-
based applications that people use to manage and share their health data or access the
records of others (as long as they have the proper credentials) [4, 5]. PHRs are com-
mercial (e.g., Medefile, Microsoft HealthVault) or institutional (e.g., MyHealtheVet)
products. The EHR, on the other hand, is a repository of computer processable infor-
mation that can be securely transmitted and that multiple users can use to access in-
formation about a single patient [6]. An EHR is used by medical professionals and is
accessed using an institutional system (hospital, medical practice, clinic, etc.) [4].

2.2  The Military Informatics Environment

There have been nearly 50,000 combat wounded service members since September
11, 2001 [7]. Military professionals realized that traditional information systems to
track patients were inadequate due to the pace of combat operations, casualty acuity,
and casualty load in a complex healthcare environment [8]. Military informatics is the
design of information systems (IS) for a military audience to accomplish military-
related goals. A military informatics based PHR, incorporating interfaces that change
based upon end-user cognitive and/or physical capability, can help people navigate
the complex Military Healthcare System.

Wounded personnel within the Department of Defense (DOD) receive treatment at
the point of injury and are evacuated to an acute care facility in the combat theater [8,
9]. The next evacuation center is often a non-theater hospital such as Landsthul, Ger-
many [8-10]. Patients are then evacuated to medical facilities in the U.S. or returned
to their military unit. Patients are transferred to a different medical system such as the
Veteran’s Administration (VA) upon discharge or medical retirement [10]. Solutions
such as the Joint Patient Tracking Application, which tracks real-time patient status,
have been implemented as a result of the volume of wounded patients and complexity
of the military healthcare environment [8].

The military; however, has yet to implement a comprehensive patient-facing IS,
preferring to incorporate PHR-like features into existing systems. For example, the
U.S. Army includes deployment health information in its Army Knowledge Online
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(AKO) application, but soldiers also use the system for e-mail, training and clothing
records, and other aspects of military information management. AKO is a document
based system that requires users to have domain knowledge about U.S. Army organi-
zation and culture which makes navigation and searches difficult for newcomers and
outsiders [11]. Relying on AKO in lieu of a PHR fails to recognize that AKO is not
intuitive and requires patients to recall complicated domain specific information dur-
ing periods of cognitive impairment due to injury or medication. Family members and
caregivers likely do not have the requisite domain knowledge to find patient health
information within AKO. A PHR with an adaptive interface can provide important
tools to support the continuum of care for combat wounded patients.

Combat wounds often result from an adversary’s employment of advanced wea-
pons and munitions typically not available to civilians (e.g., an Explosively Formed
Penetrator, which is commonly known as an EFP). Despite technical advances in
weaponry, American military personnel are less likely to be killed in action today
than earlier wars due to improved protective equipment, early damage-control sur-
gery, and rapid evacuation out of the combat theater [9]. There has been a reduction in
patient mortality from 22.8% during WWII to 8.8% today [8]. Even formerly cata-
strophic injuries are survivable; four military patients endure as quadruple amputees
[12]. The fact that people live with increased cognitive and physical impairment
means they may rely upon a network of family and professional caregivers for help.
This is complicated by the international and cross-healthcare system nature of military
health information management. The need for a military informatics derived multi-
user PHR within the defense medical ecosystem is essential.

2.3  Information Sharing and Accessibility

Even though PHRs are designed primarily for a patient to manage their own data,
many have features that allow healthcare providers to add data to the record. Further-
more, some commercial PHRs have built-in functions that allow a person to share
their PHR outside of the medical community [13]. Usability testing consistently
shows people want the ability to share PHR information with medical providers and
others outside of the healthcare profession [1, 5, 14]. This also supports the concept of
a PHR for one patient that can be shared among several people.

About 70 million people in the U.S. use some form of PHR [4]. Despite the popu-
larity of PHRs, testing indicates that significant usability problems remain [1]. Recent
innovations regarding PHRs tend to focus on security, end-user privacy, and content.
Fortunately, the scope of PHR innovation is expanding to include aspects such as
intelligence. The goal of an intelligent PHR is to automatically provide users with
personalized healthcare information [15]. Additionally, research by Liu, Shih [1] indi-
cates that PHRs should consider accessibility designs so that end-users with disabili-
ties can customize the system to suit their specific needs. In the next section, we
examine customization as a means to support combat wounded patient PHR needs.
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3 Discussion

3.1 End-User Types

One of the challenges of design is having the right information about users [16]. De-
mographic information for combat wounded personnel such as age, race, gender, and
injury is highly documented and simplifies data collection because there is precision
in the knowledge about the wounded population [17]. For example, there were 1,286
amputations during the period 2001-2009 [17]. An amputee registry has been created
to track and manage military patient care and needs, which tend to be different from
the needs of elderly patients who lose a limb due to vascular disease [10]. Traumatic
Brain Injury (TBI) has a greater rate of injury than amputation with 43,779 personnel
diagnosed between 2003 and 2007 [17]. Unfortunately, research to support designs
for cognitively dysfunctional users is inadequate [16]. Yet the rate of TBI compared
to other wounds highlights an immediate need to support cognitively impaired users.
In addition to the wounded population of end-users, family members and caregivers
who are not disabled are potential users. Traditional HCI methods of interface design
are acceptable for this population.

3.2 Interface Customization

Interface customization has become a normal part of the user experience. It is com-
mon in both client-side and server-side applications. Marathe and Sundar [18] define
interface customization as an activity that a user performs to change the presentation
and functionality of an interface to increase its personal relevance. Customization is
increasingly popular because it is tied to the user’s sense of identity and sense of con-
trol—as many as 92% of research participants customize an application in some man-
ner [18, 19]. Even though there is high acceptance of customization, user choices are
typically limited because customization is a difficult programming task and requires
significant extra work for developers [19]. There are generally two options for custo-
mization: functional and cosmetic. Marathe [20] notes that functional customization
pertains to work practices and cosmetic customization pertains to embellishments
surrounding the work practices. Customization can improve user experiences for fam-
ily members and caregivers. Unfortunately, customization does not support the wide
disparity in cognitive and physical ability common among the combat wounded popu-
lation. Fortunately, adaptive interface capabilities can go beyond customization.

3.3  Adaptive Interfaces

Adaptive user interfaces present a number of solutions that can be matched to the
changeability of users and the environment [21]. This is significantly different from
an interface that presents a single solution for multiple users. For example, a Micro-
soft Windows interface that emphasizes WIMP-style (windows, icons, menu, and
pointer) interaction through a graphical user interface (GUI) and allows users to mod-
ify the color, size, and position of backgrounds and icons is customizable but not
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adaptive. The Microsoft Windows 8 GUI, on the other hand, lets users transition be-
tween WIMP and tile touch screen—this an example of an interface that has characte-
ristics of being customizable and adaptive.

Even though interfaces that employ WIMP, touch screen, speech, gesture, and oth-
er forms of interaction are not new, they are increasingly available to the public on
commercial personal use systems. However, the end-user must manually select the
style of interaction. Montague [22] proposed a framework that provides a user with
the most suitable interaction experience based upon their needs at the time they oper-
ate the interface. In the framework, web services update the client model without
requiring calibration exercises or manual configuration of the interface [22]. This
approach could have utility for PHR adaptive interfaces.

The typical approach to adaptive interfaces and users with disabilities has been to
focus almost exclusively on accessibility concerns or interfaces that run on different
devices (e.g., mobile or desktop) [23]. Regarding specific disability, Newell [16]
states that blindness is the priority in accessibility research and this has resulted in a
lack of support for the large population of people with other disabilities. The approach
proposed herein is a multimodal presentation of interfaces based upon users that may
or may not have a disability. This allows a user to employ an interaction option based
upon their physical condition, mental state, or level of medication for instance. Addi-
tionally, an adaptive interface that incorporates intelligence can recommend modifica-
tions to the patient based upon the healthcare data managed within the PHR. For
example, once data about a change in medication is entered into the PHR, the intelli-
gence feature presents the patient with interface options based upon how the medica-
tion affects cognition (e.g., changing from Percocet to Ibuprofen).

Ability-based design is a new concept that offers opportunities to improve the user
experience for wounded personnel. Rather than focus on user disability (the dominant
approach), ability-based designs emphasize what a person can do and the system is
designed around their capability to interact with an IS rather than an inability to use
hardware and software [24]. Multimodal interfaces that consider end-user ability ra-
ther than disability allow a user to select, or have presented to them, the interaction
style they prefer to use for their tasks [25]. A library of adaptive interfaces can in-
clude designs by modality for a specific disability. The library provides an integrated
yet changeable solution for a single IS with multiple users based upon cognitive and
physical ability rather than aesthetic preferences or workflow.

An interface library is important because the patient’s capability may change as
they undergo treatment and rehabilitation. For example, a person who survives an
EFP attack may suffer multiple injuries resulting in amputation and a diagnosis of
TBI. Their cognition might be affected initially by the explosion and/or powerful pain
medications. Speech recognition technology is relevant in this case because speech
interaction is important for people with cognitive disabilities who have difficulty re-
membering the mapping of menu items [25]. As the patient’s medication and capabili-
ty changes based upon cognitive improvement, lack of chronic pain, use of prosthesis,
or successful limb transplantation surgery, they may wish to modify their interaction
style. Customization does not support dramatic fluctuations in patient ability but a
library of interfaces based upon impairment type, matched with interaction style, may
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improve the user experience. Furthermore, an ability-based methodology promotes
long-term adaptive approaches (e.g., when a patient transitions from treatment to
rehabilitation the interface is modified to reflect enhanced ability).

Yahoo!, an early leader in interface personalization, developed a massive User Da-
tabase (USB) to support scalability and improve the speed and efficiency of persona-
lization [26]. Designers of a PHR for combat wounded, on the other hand, potentially
have access to details about the complete wounded population and thus have an op-
portunity to design interfaces accordingly. Once interfaces are implemented using a
server-side distributed system, a dialogue record that contributes to the interaction
knowledge base can be maintained for each user interaction [21]. In a manner remi-
niscent of the UDB, as the interaction knowledge base grows, changes are made to the
library [21]. In this way, designers learn from actual user interaction with the system.
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Fig. 1. A PHR adaptive interface architecture example

3.4 Implications for Design

Accessibility for web based technologies is considered an important part of the design
process by HCI professionals [27]. Unfortunately, the actual implementation of acces-
sibility features is limited, and visual impairment is the most common disability con-
sidered in accessibility designs [16, 27]. The lack of implementation and the focus on
visual impairment does not meet the needs of the population of young combat
wounded patents who will require extensive long-term care.

In addition to advances in technology and better knowledge about the military dis-
abled population, it is important for designers to have better access to military patients
during development. A major problem of interface design for assistive technologies is
that it is difficult to recruit disabled people to test a new design [28]. The nature of
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military service allows commanders to make some decisions about testing. This
means that leaders within DOD may be able to authorize and direct usability testing.

4 Limitations and Future Work

Despite the fact that there is a significant number of healthcare IS within DOD that
store and retrieve documentation about casualties, there is not a comprehensive and
coherent single user interface available to access the multitude of legacy systems, so
there are limitations to the quality of casualty information [9]. Fortunately, the VA
has been a leader in PHR development and MyHealtheVet (the VA’s web-based
PHR) has undergone usability testing with older veterans [5]. This provides a frame
of reference to understand the needs of current veterans and wounded personnel.
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Test Results? Your VA Health Care Team’s Notes? Last Year's

Learn About Our Most Popular Features

VA Appointments  Refill My Secure Messaging
Prescriptions
-
-

Fig. 2. The MyHealtheVet interface

5 Conclusion

Disabled users are often overlooked during design and testing [25]. A PHR for a mili-
tary audience needs to include the combat wounded population early. A framework
that incorporates military informatics and HCI can lead to adaptive designs that pro-
vide satisfactory user experiences for combat wounded personnel as they progress
through the continuum of care.

It is only recently that non-cost prohibitive technology that is reliable, easy to use,
and includes multimodal input devices on a single system has become widely availa-
ble to the public. This offers new possibilities to design for a better user experience.
Adaptive interfaces improve accessible technology by identifying user needs and
providing a dynamically personalized user interface [23]. These ideas extend to the
civilian community because people often have multiple disabilities—UK government
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research indicates that 80% of people with a sensory disability (e.g., visual) also have
another disability (e.g., motor) [29].
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