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Abstract  

Our research is aimed at exploring the design requirements of long-term 

care information system or electronic health record based on the needs of the 

care providers. It helped in evaluating the current status of long-term care EHRs 

and how it could be enhanced through data collected by interviews with long-

term care providers. The considerations for the design was framed by 

investigating the current long-term care electronic health record status and how it 

could be improved by analyzing an aging in place model of care, TigerPlace that 

supports independent living for the elderly. Evaluation was done on the 

technology employed at TigerPlace and how can be extended to other long-term 

care facilities. TigerPlace is equipped with three disparate systems for storing 

residents’ health information. A prototype was designed through a single 

interface, using a human-centered framework to holistically represent information 

from three disparate systems at TigerPlace, and by conducting face-to-face 

interviews with a couple of care providers in the long-term care, in order to 

understand their information needs. The information collected through interviews 

was used to understand the problems and concerns of long-term care providers 

and how it could be used to enhance current long-term care electronic health 

record systems. 
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1. Introduction 

1.1. Aging and Long-Term Care 

Information technology can assist patients with self-management, 

communication with their doctors and participate in prevention and treatment 

programs. Information systems are needed in current healthcare settings to 

assist providers with the care process. Use of electronic health record (EHR) and 

electronic medical record (EMR) in healthcare systems, hospitals, and clinics are 

being mandated by healthcare reforms to meet the standards that improve 

patient-care and interoperability of health information across the healthcare 

systems. The health information systems are essential in long-term care (LTC). 

LTC refers to the patients’ care process for chronic diseases and often multiple 

chronic conditions, either from home, an institution or an acute care setting, 

which includes both inpatient and ambulatory care settings. LTC includes all the 

support services needed, i.e. physical therapy, rehabilitation etc. by the elderly to 

stay healthy. LTC and chronic disease management has special implication for 

the elderly population who have co-morbidities and need enhanced avenues to 

take care of their health and stay functionally (physically and mentally) active. At 

present, the numbers of elderly population in the United States are on an 

increase due to the aging of the baby boomer’s generation (Knickman & Snell, 

2002) and are the highest users of healthcare in the United States (Chandra & 

Gong, 2012). 
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1.2. TigerPlace 

TigerPlace, is a retirement community that has the Aging in place care 

model which aims senior residents to live a more independent life and allows 

them to live in an environment of their choice and take supportive services as 

needed by them to stay functionally active (Skubic, Alexander, Popescu, Rantz, 

& Keller, 2009). To address common aging problems different kind of assistive 

technology are used to support the elderly with their functional decline. The 

information generated by using assistive technologies can be used as a tool to 

detect early changes in health conditions to determining the need of early 

intervention, monitoring and continuation of customized healthcare needs of the 

elderly (G. Demiris, Oliver, Dickey, Skubic, & Rantz, 2008). It is believed that by 

using an appropriate program that uses supportive, restorative, and assistive 

services by the elderly, can improve their health and well-being without the need 

of moving them to a traditional nursing home care-setup (Cowan & Turner-Smith, 

1999; Yang Gong & Chandra, 2011b). 

TigerPlace is an independent living facility for the elderly is also equipped 

with technology i.e., sensors, to monitor residents’ health condition, mobility, and 

activity level, helping to enhance aging in place. Collaboration with different 

multidisciplinary teams at the School of Nursing, School of Medicine, and College 

of Engineering, at the University of Missouri at Columbia, different kind of 

research is being conducted at TigerPlace (Yang Gong & Chandra, 2011b; M. 

Rantz, et al., 2005). 

34 elderly residents between the age of 70 and 94 live at TigerPlace. 
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Approximately 90% of the them have a chronic illness; 60% have co-morbid 

conditions i.e., heart diseases, problems with mobility, problem with cognition etc. 

(Rantz, Skubic, Miller, & Krampe, 2008). The encounters faced by the elderly 

residents at TigerPlace is similar to the ones faced by most elderly, like falls or 

fear of falling, incontinence in urination, assistive hearing, complete hearing loss, 

partial or absolute blindness, reduced mobility, reduced muscle strength, social 

isolation, cognitive impairments, and problems with medication administration, 

especially for the ones with dementia (M. Aud, et al., 2010; Yang Gong & 

Chandra, 2011b). 
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2. Theoretical Framework 

2.1. Method Used for Literature Review and Background Work 

Thorough literature review was done from the manuscript publications 

available with the ‘Center for Eldercare and Rehabilitation Technology’ at the 

University of Missouri. Searches on Medline Ovid were also done to find 

information related to use of technology for the elderly in healthcare. Various 

topics were searched related to eldercare, use of electronic medical record 

(EMR), electronic health record (EHR), long-term care (LTC) living setups and 

nursing homes. 

From the research papers available on ‘Aging in Place’ model of care, 

TigerPlace, gave detailed overview about the facility and the technology used 

there for assistive living for the elderly (M. Aud, et al., 2010; Cowan & Turner-

Smith, 1999; Rantz, Skubic, Alexander, Aud, et al., 2010; Rantz, Skubic, 

Alexander, Popescu, et al., 2010; Skubic, et al., 2009). There has been a lot of 

research already done in Tigerplace by people from different streams of 

healthcare and science.  Variety of sensors have been installed at the residents 

for monitoring the health and daily activity of the patients, backed up by a EMR to 

store the health related information (Florea, 2009). They also have the 

telemedicine system, which helps in effective medicine administration and 

collecting daily vitals of the residents (M. J. Rantz, et al., 2005).  

Information was also collected from data managers who work with the 

data collected at TigerPlace at the intervention level, which helped in 
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understanding the kinds of data or information collected and used there, and 

gave a good understanding of the workflow of the clinical setting at TigerPlace, 

relevant to our research. To continue the research, it was important to 

understand the relationship of the data with each other and how it was related to 

the workflow at TigerPlace. It also provided us an understanding about how the 

historical data is stored and viewed by the clinicians. Managing the data to get 

the required information in the correct format is the most important aspect for 

clinical decision-making and patient care (Cowan & Turner-Smith, 1999). 

Initially a field-trip interaction was also conducted for collection of 

information from nurses. It proved to be beneficial in understanding the setup, the 

problems they face with resident care, and the shortcomings of the system as a 

whole. It provided pointers for future implementation that would help make the 

system user-friendly and more convenient.  

 

2.2. Aging Population Trends  

The projected socioeconomic and demographic patterns by the year 2030 

shows increased challenges for caring for the seniors that the society has to 

face. The elderly population is expected to double from what it is today and there 

are not enough assurances of sufficient resources and effective service system 

available for the elderly to cater to their needs (Knickman & Snell, 2002).  

It is expected that much of this demographics pushed in 2030 will be by 

‘Baby Boomers’ or “young old” aged 66 to 84, and will number about sixty one 

million. In addition to them are the “oldest old” born before 1946 who will number 
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nine million by 2030. The main challenges involving the elderly stressed on the 

economy would be the ability to meet the increased expenditure in the form of 

payment systems, advantages in the advancement of in medicine, behavioral 

health and technology to keep them healthy and active, organized communities 

for living for the elderly where they can have easy access to eldercare services, 

and making sure that the elderly get a well integrated community life irrespective 

of aging (Knickman & Snell, 2002). 

 

2.3. Background for Long-Term Care 

2.3.1. Needs of Long-Term Care 

The key for long-term care patients with co-morbidities and multiple 

disabilities is nursing documentation for healthcare quality and nursing 

assessments to evaluate outcomes and risks. The providers in these facilities 

require improved avenues to deal with the deteriorating health conditions of the 

elderly, especially for pain management, pressure-ulcers etc. (Chandra & Gong, 

2012). 

Implementing an EHR with templates with pre-formulated assessment 

variables related to various nursing assessments need to be developed for 

pressure ulcers to facilitate user-friendly documentation and for recording 

pressure-ulcer prevalence and prevention (L. Gunningberg, Dahm, & Ehrenberg, 

2008; Lena Gunningberg, Fogelberg-Dahm, & Ehrenberg, 2006). The accuracy 

in recording pressure-ulcer improves in the EHR compared to the paper-based 
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health records as it gives accurate and reliable feedback to the healthcare 

organization. High priority has to be given to develop standardized 

documentation practices in various areas of care in nursing the practice (L. 

Gunningberg, et al., 2008; Lena Gunningberg, Fogelberg-Dahm, & Ehrenberg, 

2009) and evidence-based pressure ulcer prevention resources should be 

provided to the nurses (Chandra & Gong, 2012; Lena Gunningberg, et al., 2009). 

Chronic pain is also a common and costly syndrome effecting almost one 

in every three United States adults. Factors such as shortened length of the 

medical visit, increased availability of technological approaches to care, and 

more informed patient suggest for a new paradigm for chronic pain management 

(Marceau, Link, Jamison, & Carolan, 2007).  Using pain management 

documentation and its results can be implemented into clinical nursing practice, 

which requires an unified way of maintaining and recording the documentation to 

process the information (Asteljoki, Kesanen, Pykalamaki, Korpela, & Montin, 

2009). Structured and classified documentation can help utilize different reports 

from electronic patient record in nursing management. The knowledge of pain 

management in the electronic patient record can be utilized for nursing 

management (Chandra & Gong, 2012; Kesanen, Asteljoki, Pykalamaki, Korpela, 

& Montin, 2009). 

2.3.2. Current Status of Long-Term Care Facilities 

The success of the treatment for the elderly depends on repeated 

modification of the patient's treatment regimen or simply ongoing assistance with 

applying a static treatment plan, which requires optimal frequency of use or 
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degree of involvement by health professionals. Ultimately, the consumer's 

perception of benefit, convenience, and integration into daily activities facilitates 

successful use of the interactive technologies for the elderly, chronically ill, and 

the underserved (Jimison, et al., 2008). Additionally, the care management plans 

of residents needs to be adjusted often and this change has to be clearly 

communicated back to the patient with tailored recommendations. Present 

systems have usability problems and are also unreliable in nature. The 

convenience of using the technology in hand has become an important factor for 

successful implementation and use of the system. Data entry by providers is 

often a cumbersome task and the intervention needs to fit into the user's daily 

routine. It has been noted that the frequency of interactions with a clinician helps 

in improving the patients satisfaction level (Chandra & Gong, 2012; Jimison, et 

al., 2008)  

At present, most information systems being used lack a holistic view to 

see the relevant or most important health information related to a patient’s 

condition. Personalized information for patients is often not available to the 

providers that can aide in enhanced clinical decision support. Most systems are 

not interoperable and do not have the facility to share information or 

communicate among themselves. The patient information is not portable and the 

user view of the data is not tailored according to the information or treatment 

needs of the patient. Many believe that a shared understanding of medical 

conditions between patients and their health care providers may improve self-

care and outcomes (Chandra & Gong, 2012; Malik, et al., 2011). 
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2.4. Background of Tigerplace 

2.4.1. TigerPlace as an Independent Living Facility 

TigerPlace is an “Aging in Place” (M. J. Rantz, et al., 2005) retirement 

community helping seniors living independently with the help of assistive 

technology that addresses their common problems related to old age and general 

health decline i.e. functional decline (Cowan & Turner-Smith, 1999). Aging in 

Place model has environmental and health supportive services that promote the 

health of older adults and also provides options for advanced senior healthcare 

research. Aging in Place at Columbia, Missouri has two major parts: senior care 

and TigerPlace (M. J. Rantz, et al., 2005). 

The senior care has been designed for senior independent living, which 

has different care options for the residents of TigerPlace and residents from other 

private congregate senior housing, public senior housing, and private homes of 

community-dwelling seniors in Boone County, Missouri. The needed care for the 

eldelry is provided by specially designed ‘independent life’. For promoting the 

health of the older adults, the aging in place model has an environmental and 

health supportive services in place (M. J. Rantz, et al., 2005).  The wellness 

center operated by senior care has ongoing health assessments and 

improvement classes i.e. exercise, yoga, Tai Chi for the resident health-

promotion activities that helps in keeping residents active. Other home care 

services are also provided at the senior care facilities i.e. medication 
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management, assistance with daily living activities, and care-coordination of 

health conditions with the help of health care providers and residents’ physicians. 

It also has the provision to provide Medicare home health for residents who 

qualify for the services. TigerPlace is equipped with several other facilities i.e. 

large community room, exercise room, wellness center, clinical space for 

residents’ use when they are with other health care providers, and office space to 

facilitate senior care (George  Demiris, et al., 2006).  

Different types of assistive technologies have also been employed at 

TigerPlace to address the common aging problems related to the functional 

decline of the elderly residents (Cowan & Turner-Smith, 1999). The chronic 

illnesses of the residents are monitored in a smart-home environment (Skubic, et 

al., 2009) from multiple perspectives as technology and informatics has the ability 

to provide creative options over mainstream healthcare facilities for the residents 

at TigerPlace.  

The researchers at TigerPlace observed that for the resident seniors the 

most common healthcare problems and outcomes are: falls or related to fear of 

falling, incontinency in urination, assistive hearing using hearing devices, 

complete hearing loss for some seniors, partial or absolute blindness, reduced 

mobility, very less muscle strength to do normal activities of the day, social 

isolation due to lack of connectedness with other people, partial or complete 

cognitive impairment and problems in medication management especially for 

patients with dementia or partial cognitive impairments.  
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2.4.2. Technology at TigerPlace to Assist ‘Aging in Place’ 

TigerPlace is equipped with advanced technology that helps senior 

residents and care providers monitor progress of healthcare and understand their 

general well being in the presence of multiple chronic diseases and problems. 

Three systems have been employed at TigerPlace: an electronic medical record 

(EMR) system which stores the medical records of patients from different clinical 

encounters that assists in proper diagnosis and treatment of the patients, a 

telemedicine system that helps in tracking the daily or weekly progress of the 

patients in the form of questionnaire which is in turn stores the vital signs and 

related information in the EMR system, and a sensor system that monitors the 

mobility and daily activities of the senior residents, effective in tracking and 

collecting their activities of daily living (ADLs) and instrumental activities of daily 

living (IADLs) (Florea, 2009). These tasks of capturing the mobility information of 

patients are aimed towards achieving independent living for the residents and 

detecting risks of injury (Skubic, et al., 2009). These three systems are 

independent and have their individual database systems (M. Aud, et al., 2010) 

preventing the clinicians to see a more holistic view of the entire information 

present in each of them. 

The EMR system provides overall information related to the vital signs of 

the patient i.e. body weight, systolic blood pressure, pulse, heart rate, 

temperature etc., symptoms of diseases, records and tracks chronic illnesses of 

the senior residents, general well-being of the residents i.e. discomfort, falling, 

appetite, shortness of breath, chest pain, head-ache, edema etc.  
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In the telemedicine system, the vitals and daily general health assessment 

of the residents are recorded and the data is interpreted over a time range i.e. 

weekly or monthly basis, to track progress or decline of health for the resident. 

The care providers need to be able to record the general feel and well being of 

the resident as well in the system, which is closely related to their existing 

symptoms and illness for proper clinical diagnosis. Different graphical charts are 

available to help the care providers track the progress of a problem. Changes in 

these parameters alarm them of the associated health-risks (Skubic, et al., 

2009). 

Different kind of sensors i.e. infrared sensors, pressure sensors, electrical 

sensors, microphone-based sensors, imaging sensors, wireless motion sensors, 

etc. are installed in TigerPlace and are connected wirelessly to small personal 

computers in the residents living rooms (Florea, 2009). These computers are 

linked together to produce a sensor network. The personal computers in 

residents’ rooms are connected to a main server to store incoming data and 

computation is done so that parameters related to urgent situations can be 

initiated. In situations where the input is beyond the defined parameter or 

threshold for a resident, an alert is generated in relation to the potential problem 

(M. J. Rantz, et al., 2005). These sensors help in deriving various physiological 

and outcomes measurements that has potential for a risk. Assessment of the risk 

factors associated of individual residents is obtained by combination of these 

sensors (Florea, 2009). 
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2.4.3. Defining the Problem at TigerPlace Related to Disperate Systems 

The huge amount of information present in the EMR, the telemedicine 

system, and the sensor system can easily overwhelm any healthcare provider. It 

may decrease their understandability and create confusions when looking at the 

information. The system lacks a tool that can provide the caregivers a holistic 

view to see relevant information necessary for checking the health status of 

resident, and may reduce the care providers’ ability to see trends or make quick 

decisions, adversely prolonging the clinical decision-making process (Yang Gong 

& Chandra, 2011a, 2011b). 

Though it was realized that TigerPlace requires sophisticated technology 

to monitor the daily activities of the residents, it also requires efficient tools that 

helps residents with medication management, save the health records of the 

residents electronically for easy retrieval and diagnosis, aid in easy progress 

tracking on their daily activities, mobility, general health, chronic diseases, signs 

of functional decline of the residents due to aging, etc. (M. Aud, et al., 2010). The 

care providers, i.e. nurses and physicians at TigerPlace need to have a more 

holistic view of the health and well being of the residents. This could be only 

provided to them by employing a well-integrated web-based tool that supports 

clinical decision-support in conjugation with patient care. This requirement 

became the basis for our project for designing and employing a user-friendly tool 

that would provide an overall holistic view of the important clinical details of the 

residents (M. Aud, et al., 2010) in the future. 

The preliminary goal of our research was to design a single interface that 
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can represent different types of ADL data along with their related vital signs for 

individual residents. The integrated interface for viewing related information will 

help healthcare providers to inspect the health status of individual residents 

according to the needs of the resident and in the correct time. It also can form a 

basis for providing effective response to the questions and queries of the senior 

residents as how these technologies may benefit them in their well-being (Yang 

Gong & Chandra, 2011b). 

2.5. Design Framework for the Solution 

2.5.1. Literature on CHF Scenario  

Congestive heart failure (CHF) is a chronic condition effects the most 

elderly due to bad lifestyle management and/or family history, which has been 

considered as our sample scenario for the development of the human-centered 

integrated single interface health data display. The CHF clinical guidelines 

(MedlinePlus, 2011; NIH, 2010) were examined to find the relation between 

symptoms and the vital signs i.e., systolic blood pressure, heart rate, pulse rate 

etc. of a CHF patient in order to determine the criticality of the diagnosis and 

treatment regimen to their condition. From the clinical meanings and concept 

associations of the CHF condition, the vital signs and the CHF related symptoms 

were grouped as variables for designing a holistic and convenient data display to 

be used for monitoring residents with the CHF health condition (Yang Gong & 

Chandra, 2011b). 
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2.5.2. Literature on Human-Centered Design and UFuRT 

The research primarily was motivated by current interface present in the 

sensor data display used by healthcare providers to make clinical decisions for 

the elderly who live in TigerPlace. The healthcare delivery involves a lot of time-

critical, life-relevant events, which are multitasking in nature. Undoubtedly, an 

effective way to be able to search of healthcare data can facilitate the decision-

making process and enhances early detection, which together can successfully 

predict declining health status of seniors (M. Rantz, et al., 2008). 

The human factors application aims to develop productive, safe, 

comfortable, and effective systems for human use (Strawderman & Koubek, 

2008). Human-centered design has successful applications in automotive 

industry, nuclear power plants, etc. (Liao & Chang, 2011; Schulze, Brau, Haasis, 

Weyrich, & Rhatje, 2005). In healthcare, human-centered design has the 

potential to reduce medical errors and improve health care quality, which is very 

critical for both healthcare providers and patients (Yang Gong & Chandra, 2011a, 

2011b). Relational data plays an indispensable role in healthcare delivery by 

affecting the efficiency of clinicians’ perceptions of abnormalities through 

representations that are in various formats i.e., numbers, symbols, colors etc. (Y. 

Gong & Zhang, 2005; Zhang, 1996; Zhang & Norman, 1995). There are usually 

multiple records of vital signs and medical history of patients, as observed in the 

EMR, telemedicine system, and sensor data logs at TigerPlace. The multiple 

records of the patients have relations with each other and can be represented by 

a table, which can further be transformed into various other isomorphic formats 
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i.e., line graphs, bar charts, pie charts, scatter plots, matrices, etc. These display 

formats may carry same amount of information, though their representational 

effects may be different because of the difference in their distributive patterns of 

the internal and external information (Yang Gong & Chandra, 2011a, 2011b). 

The information search task on relational data is highly complex and 

relevant to the distribution between internal and external information and 

depends on the pattern of interaction between these two types of information (Y. 

Gong & Zhang, 2005). For example, finding all bradycardiac firings of a senior 

resident over the past 12 months can be a typical task in the sensor data 

management system. In this example, if the required normal range (slow pulse 

rate of 1 to 30 beats per minute) is not presented on the screen, is known as 

internal information. External information comprises of the observed values 

presented in the sensor data record. The performance of the information search 

is affected by the distribution pattern between the internal and external 

representation. The observed values for the bradycardiac firings, for example, 

can be presented in a variety of formats i.e., table, graph, a mixture of both, 

symbols, etc. Different data scales also can be used to represent the observed. 

For examples symbols like (+/−), (↑,→,↓), or even absolute values in Arabic 

numbers, etc. can be used. This helps in applying variety of representations to 

same set of data or information. The EMR, the telemedicine, and the sensor 

system at TigerPlace, were developed at different project stages by different 

groups of people. The data generated from each system are scattered and 

stored in different formats. At present, TigerPlace does not have a way to see the 
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information present in the different system in a holistic manner (Aud et al., 2010). 

In this project, our preliminary goal is to design a data representation that 

effectively helps search tasks done across the three different systems. To get the 

needed outcome, the existing data can be transformed into an optimal display 

using an algorithm that possible can meet the users’ information needs. A 

human-centered approach needs to be used to design prototypes through a 

single interface that have the ability to display the human-interpretable relevant 

health information. Symbols and colors used in the design will represent the 

severity of the health information in the clinical context (Yang Gong & Chandra, 

2011a, 2011b).  

With the support of distributed cognition theory, UFuRT (User, Function, 

Representation, Task) framework was developed for the effective designing of 

relational data, which is based on the nature of each search task (Zhang & 

Butler, 2007). Distributed cognition is a branch of cognitive science, which 

proposes that elements of human knowledge and cognition are distributed across 

time, space, people, artifacts etc. rather being confined to individuals. The theory 

pays emphasis on the individual and his/her environment, and the system is 

viewed as a set of representations (Edwin Hutchins, 1995, 2000; E. Hutchins & 

Klausen, 1996). UFuRT is further supported by the theory of external 

representations.  External representations is considered an indispensable part of 

cognition and not simply a peripheral aid by (Zhang, 1991). Representing 

external information in an appropriate format and supporting it with recognition-

based memory or with perceptual judgments rather than using recall can reduce 
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the difficulty of a task. For example, in the search tasks based on the sensor data 

of bradycardia, using external artifacts, which are often created specifically for 

the remembering purpose, enhances internal memory. Task performance is 

enhanced when internal memories are supported by proper external 

representations. User performance when searching for information is effected by 

the distributing pattern explained by the internal and external requirements, and 

the information format available at the data scale levels (i.e., nominal, ordinal, 

interval, ratio) (Yang Gong & Chandra, 2011b; Zhang, 1991). 

The relationship between dimensions is represented by Relational 

Information Displays (RIDs). Norman (1993) explains that the two basic types of 

dimensions are represented dimensions (the dimensions of an original domain in 

the real world) and representing dimensions (the physical dimensions 

representing the dimensions of the original domain in the real world). Nominal, 

ordinal, interval, or ratio data scales can be used to match these two dimensions 

to have a guaranteed efficient and accurate representation between the displays 

and the world (Zhang, 1996). For representing the dimensions in RIDs, four kinds 

of data scales (nominal, ordinal, interval, and ratio) can be used (Petersen & 

May, 2006). The four scales has different strengths in operations, so which 

operations can be applied to them legitimately is determined by the data scales 

(Petersen & May, 2006). The operation list in the later paragraph descried why 

the ratio scale is the most powerful and has the capability to allow entire set of 

operations. However, in practice information users may request lower level scale 

to represent the actual meaning of that data as they may not have the capability 



	  
	  

19	  

to interpret real the meaning through the ratio data scale. For example, an 

interval scale may also allow all the operations that either a nominal or ordinal 

scale can allow. For information searching tasks, the notion of data scale can be 

applied to each type of search task by expanded it as a set of operations 

legitimately applicable to data on different type of scales (Yang Gong & Chandra, 

2011a, 2011b). 

For the operations 1 thorough 4 shown below are accumulative (bigger 

number of operations includes operations in smaller numbers): 

1. Determining equality of two instances on the scale (=) (nominal scale); 

2. Determining the rank-order (greater or less) of two instances on the scale (>, 

<) (ordinal scale); 

3. Determining equality of differences on the scale (+, −) (interval scale); and 

4. Determining equality of ratios on the scale (/, ×) (ratio scale). 

User, function, representation, and task for effective design is examined 

by UFuRT and in evaluating human-centered distributed information systems. 

For designing human-centered information systems, UFuRT provides systematic 

principles, guidelines, and procedures. Theoretically, an UFuRT designed 

information search interface ensures that the design meets the information needs 

and supports the search task through a user-friendly data display. Users’ 

characteristics, preferences, cognitive workload, routine and non-routine tasks, 

functions etc. we analyzed using UFuRT to support these tasks and the optimal 

data representation in RIDs. Thus, an interface designed with the principles of 

UFuRT should lead to better performance (efficiency and effectiveness) in doing 



	  
	  

20	  

tasks (Yang Gong & Chandra, 2011b; Y. Gong & Zhang, 2005) 

The same set of data may be examined by different type of user 

differently. Due to this reason for search performances, certain types of displays 

are more superior to other isomorphic representations (Elting, Martin, Cantor, & 

Rubenstein, 1999). Various studies have identified that different type of users like 

clinicians and medical researchers may use the same data set in different ways 

(Gorman, 1995, 2003; Hersh & Hickam, 1998; Mendonca, Cimino, Johnson, & 

Seol, 2001; Petersen & May, 2006; Song & Soukoreff, 1994; Wilson, 2004). For 

example, a clinician group may comprise of, but not limited to physicians, nurses, 

dieticians, and pharmacists. In a clinical researcher group, may comprise of, but 

not be limited to clinical informaticians, epidemiologists, and statisticians. Each 

type of user may have questions answers to address for certain situations where 

they need to solve a problem or make certain decision (treatment and diagnosis); 

check background information of diseases (etiology), or keep up with the latest 

information on a given subject, to keep abreast with the professional 

development and medical education continuation. 

Different set of users may use different set of approaches to conduct 

research or examine the same electronic medical record or sensor data. 

Clinicians are typically interested in the various aspects of a patient at the 

individual level; therefore, their key tasks are their within-patient searches. 

Whereas, clinical researchers may view the patient records at the collective level, 

that reveals their trends or epidemic disease status. A diverse group of 

researchers i.e., electronic engineers, nurses, social workers, physicians, 
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physical therapists, occupational therapists, health informaticians etc. are 

involved in monitoring the health status of residents and do research activities at 

TigerPlace (M Rantz, et al., 2008; M. Rantz, et al., 2005). They may have 

common interests in healthcare data, but the level of details may vary (Yang 

Gong & Chandra, 2011a, 2011b). 

	  

	  

 

Figure1: Data Sources for a Human-Centered Integrated Health Data 

Display at TigerPlace 

(Adapted from (Yang Gong & Chandra, 2011a, 2011b) 
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3. Objectives  

Our preliminary study about LTC settings started with TigerPlace, an 

Aging in Place care model aiming at independent living for the elderly residents. 

The overall goal of our research is to explore the design consideration for LTC 

EHR and how some of the ideas at TigerPlace can fit into other LTC setting 

needs. The research findings are aimed at meeting the information needs of the 

care providers and providing them enhanced design features for clinical decision-

support, (Chandra & Gong, 2012) which would eventually enable better-informed 

clinical decision-making for the elderly (Chandra & Gong, 2012; Chandra & Yang, 

2012).  

We initially aimed at understanding the information needs of providers at 

TigerPlace (Chandra & Gong, 2012). We designed a prototype based on our 

findings to represent a holistic display of all health information available at 

TigerPlace. This design framework can enable residents live independently and 

improve their functional ability with the availability of relevant health information 

in the form of a holistic view. Our design concept was aimed at providing an 

enhanced feature for detecting and alerting preventable risks that may arise due 

to the presence of identified health problems of the residents, and information 

that are highly relevant to their co-morbidities and disease outcomes (Chandra & 

Yang, 2012). The design prototype additionally supports understandability and 

usability of the end user (Chandra & Gong, 2012). 

At a later stage, our research focused in finding the information needs of 

general LTC facilities. We conducted interviews with a few LTC care providers to 
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understand their information needs and recorded their recommendations related 

to the design goals of a LTC EHRs. After conducting the tasks, design and 

analysis for the collected information, we attempted to generalize the ideas about 

TigerPlace to other LTC facilities and we are interested to see how LTC facilities 

can be enhanced using combination of tools and recommended design features 

of LTC EHRs to address the information needs (Chandra & Yang, 2012). The 

design framework along with the recommendation from the interviews conducted 

should enable the providers to tailor health information according to the disease 

condition and personalize it according to the needs of the elderly patients 

(Chandra & Yang, 2012). 
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4. Methods 

Information related to the system was obtained by doing a thorough 

literature review of the research papers that published detailed overview about 

TigerPlace and the technology employed there related to assistive living for the 

senior residents. The literature review goal was to take into account all the 

clinical and research data to a maximum level and collect all the information and 

findings from all previous projects. The design requirements, needed data, and 

the flow of information were derived from the literature review process and 

combined with an unstructured interview with nurses, data managers, and 

observations done by field trips at TigerPlace (Yang Gong & Chandra, 2011a, 

2011b). 

Information related the various kinds of data present in the system were 

collected from the data managers who work with the information collected at 

intervention levels from the residents at TigerPlace. A field trip to TigerPlace was 

done to observation to get important insight about the clinical flow of information, 

understand the problems they face with the health condition of the residents and 

the shortcomings of the system at TigerPlace as a whole. The interaction 

provided some ideas for future design approaches that would help make the 

system user-friendly. 

4.1. Design Prototype  

The UFuRT framework was used to design and develop the user-centered 

single interface. The UFuRT process guided the analyses and design to be a 
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human-centered information system (Zhang & Butler, 2007). The four rigorous 

analysis steps done were: user analysis, functional analysis, task analysis, and 

representational analysis (Yang Gong & Chandra, 2011a, 2011b). 

4.1.1. User Analysis  

User analysis was conducted to identify the characteristics of stakeholders 

who would use the human-centered integrated interface, i.e., expertise, skills, 

knowledge, educational background, cognitive capacities and its limitations, 

perceptual variations, age-related skills, and available RIDs time for learning 

(Yang Gong & Chandra, 2011a, 2011b). 

4.1.2. Functional Analysis  

The process of functional analysis identifies critical top-level domain 

structures, goals, and inherent properties of the work domain that are 

independent of implementation. Task and representational analyses are less 

abstract than functional analysis it does not involve details of task processes and 

representation. As the stakeholders are required to seek information for decision-

making, the human-centered integrated interface comprise of a distributed 

information system (Yang Gong & Chandra, 2011a, 2011b). 

4.1.3. Task Analysis  

Task analysis was conducted to identify the procedures and actions that 

need to be carried out, and the information that need to be processed to achieve 

task goals for the congestive heart failure (CHF) user-centered interface. CHF 

was considered because it is a very common health condition of the elderly. One 
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of the important functions of task analysis is ensuring that only the features 

matching users’ capacities and required by the task would be included in the 

system specifications. Sophisticated features will not be included in the system 

specification not matching the capacity of the users or not required by the task, 

as they would generate additional processing demands for the users and make 

the system difficult to use. This analytical approach helped in identifying how 

different stakeholders interacted with the displays having the same (Yang Gong 

& Chandra, 2011a, 2011b). 

4.1.4. Representational Analysis  

Representational analysis was conducted to identify appropriate format for 

information display for a task performed by a specific type of user such that there 

is a direct interaction mode for the interactions between the users and the 

systems. Users can directly interact through direct interfaces, and perform the 

primary tasks they intend to more efficiently. This representation form can 

influence and sometimes determine information that can be perceived easily, 

processes that can be activated, and derivation from the representation (Yang 

Gong & Chandra, 2011a, 2011b). 

 

4.2. Design Considerations to Aide Users 

We analyzed the information needs at TigerPlace to understand the 

overall information needs at LTC settings. Information related to the systems 

available at TigerPlace was obtained from thorough literature review of the 
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research publications available. Information was also obtained from existing 

literature about the needs of LTC facilities, which provides the potential to borrow 

some of the ideas from TigerPlace to fulfill the LTC needs (Chandra & Gong, 

2012). 

The interaction with nurses and data managers enabled understanding 

and evaluation of the current shortcomings of the system. The research also 

focused in identifying relationship among the telemedicine data and sensor data 

for certain medical conditions taking CHF into consideration, which is a common 

health condition for the elderly residents. It supported exploring an effective 

holistic health data integrated display for the care providers, interested in 

monitoring the residents’ health status. The analysis of the information needs of 

care providers at TigerPlace helped in understanding similar needs in other LTC 

setting and what could be borrowed from the technological perspective and 

extended to LTC facilities e.g. EMR requirements focused for LTC settings 

(Chandra & Gong, 2012; Chandra & Yang, 2012). 

 

4.3. Interviewing Process 

After the prototype was developed, further research was done to 

understand the information needs of LTC facilities. From the findings it was 

derived that the best way to understand the needs of LTC facilities is by 

conducting interviews with care providers engaged with LTC facilities. An 

Institutional Review Board (IRB) approval was taken to interview care providers 

at LTC facilities, refer Appendix section. A convenient sample of ten care 
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providers was approached for the interviews within the University of Missouri 

healthcare system, among which seven of them accepted the invitation for the 

interview (Chandra & Yang, 2012). 

During the interviews conducted with the care providers two sets of 

questions were asked, as seen in Table 1 and Table 2. The first set of questions 

focused on understanding their expertise in LTC, their views about the current 

status of EMRs in LTC, the information needs at LTC facilities from providers 

perspective and what features or functionalities are ideally needed by them to 

work more efficiently. Before asking the second set of questions, the designed 

prototype was shown to them with explanation and background information 

related to our research. The second set of questions was related to collecting 

suggestions for modification from the care providers to enhance the prototype, 

and how the prototype could be made useful and could fit into their workflow and 

real information needs. Recommendations’ were taken from them to understand 

how the design could be enhanced, which also provided insight about the real 

requirements of information of users at LTC facilities (Chandra & Yang, 2012). 

 

Table 1. The General Questions Asked Related to LTC Needs 

General Questions: 

What is your area in long-term care? 

What are the technological needs and challenges you face while providing care? 

Do you use any EMR/EHR in LTC? How do EMRs or EHRs help you in your care-giving 

process? 
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What is the current status of the EMR’s in LTC? What are the Long-Term care EMR 

requirements? 

What features of the applications/software within the EMR, makes your work more efficient? 

 

Table 2. Specific Questions Asked Related to Providers’ Clinical and/or 

Administrative Needs 

Specific Questions: 

What is you opinion about my prototyped design, what is missing in it from the perspective of 

your information needs?  

Stu 
How personalized can the prototype be made in relation to your work and to make better 

clinical decisions? 

What are the features you need that would make it look more usable or user-friendly, fit into 

your workflow, improve integration and interoperability? 

What needs to be there? Real contents that may make it useful. 

Is the structure useful? What would you want on the Dashboard? 

 

  

Is the structure useful? What would you want on the Dashboard? 

What are the data that you would want to enter for documentation/ quality etc., while you are 

working with this dashboard (in case you have a CHF patient)? 

How do you want to use this prototype together with the EMRs and EHRs that are in practice? 

Does it help you in clinical decision support or quickly assessing the status of the resident? 

How the improvements might benefit care-giving process (specific to role)? 

 

After the interviewing process, the data collected from the interview was 

transcribed and combined with the notes taken during the interview together. It 

provides the requirement specification for the enhancement of the design. The 

collected data was analyzed and the information was categorized find the results 

from the interview that will aide in understanding the provider requirements in 

LTC (Chandra & Gong, 2012). 
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5. Results 

5.1. Preliminary Design Prototypes 

After collecting information about TigerPlace, the findings showed that the 

EMR system contained the medical summary of health conditions of residents, 

the telemedicine system is used to the daily/weekly progress of the residents’ 

health status, and contains vital signs, chief complaints, etc. on a daily basis, and 

the sensor system contains information related to the residents’ activities of daily 

living (ADLs) (M. Aud, et al., 2010). The patient data stored in the EMR and 

telemedicine system, may serve as a foundation for reasoning the behavior of a 

resident related to his medical history and chief complaints on a high-level data 

display. This information can trigger further health investigation by decision-

makers on the next screen. The need for this investigation can be brought up by 

setting up reminders or alerts for clinical decision makers and can be used while 

interacting with their patients, as shown in Figure 2. The sensors at TigerPlace 

monitor the residents’ activities, gait, stove temperature, motion, sleeping time, 

restlessness, etc. at frequent time interval. The human-centered integrated 

health data display framework can be tailored and personalized to meet the 

information needs of all caregivers, family members, or residents at TigerPlace 

(Yang Gong & Chandra, 2011a, 2011b). 
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Figure 2: Interface for Congestive Heart Failure Patients  

(Adapted from (Yang Gong & Chandra, 2011a, 2011b) 
	  

5.1.1. Static Design or Design Level 1: Prototype1 and Prototype2 

In the preliminary design, hypothetical vital sign data available at the 

telemedicine system was used and the original ratio scale was transformed to an 

ordinal scale. Through user and task analysis, we got an understanding about 

the available data and its format present. We considered the CHF scenario to be 

a feasible medical condition that can be used for simplification and 

summarization of the data review process (Yang Gong & Chandra, 2011a, 
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2011b). Two prototypes (Figures 2 and Figure 3) were developed to demonstrate 

the different health status of CHF patients. For easy understandability and better 

user interpretation, the CHF associated clinical and sensor data were converted 

to ordinal scale. All pertinent data on CHF were integrated into a holistic interface 

so that it represents subjective and objective sections of a typical EMR. Color-

coding scheme was also employed to represent the levels of actual values in the 

EMR and the sensor data system (Yang Gong & Chandra, 2011a, 2011b). 

Initially the resident/patient information was selectively extracted from the 

telemedicine system and the EMR according to the needs of CHF condition. The 

left column in both the prototypes displays the vital sign information and 

associated CHF symptoms. The original ratio data was transformed into an 

ordinal comparative scale (low, medium, high). Other associated health 

information also can be accommodated in the interface i.e., medical history, 

earlier and current diagnosis, procedures, diagnostic tests, active and inactive 

medications, etc. In the right hand column, the information form the sensor data 

has been displayed based on color-coding scheme indicating abnormalities and 

severity of ADLs. The availability of vital signs, symptoms and associated ADLs 

on a single interface provides convenient holistic view of all the clinical 

information of the residents (Yang Gong & Chandra, 2011a, 2011b). 

Static Design  

Initially, we incorporated a static prototype that showcased the ability of 

the system to display information from two different systems (vitals signs from the 

telemedicine system and different ADL functionalities) on a single frame. This 
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dashboard can help in easier interpretation and understanding of a disease 

condition since one can see both the vital signs information and the ADL 

functionalities of a resident, which is considered critical for early diagnosis. To 

employ the static dashboard interface we chose to demonstrate two important 

CHF scenarios to consider how effective it may be to the care providers who are 

the major users in our design consideration. The static dashboard will help them 

in seeing information together rather than logging in to different system to see 

each information individually saving them time and effort. 

Description of Static Design  

Vital signs information has been fetched from the telemedicine system 

presented in the left hand side of Prototype1 and Prototype2, and the ADL 

functionality is presented in the right hand side, fetched from the sensor system. 

Monitoring the daily activity of the residents while inside TigerPlace collects the 

ADLs. The vital sign information that is related to CHF has been considered for 

our prototypes. Edema, pain in different parts of the body e.g., head, chest, other 

parts of the body etc., breathing problems e.g., shortness of breath, orthopnea, 

palpitation, etc. are more related to the subjective information present in a typical 

EMR. It is related to the general feeling of the resident indicating his signs and 

symptoms of an ailment. The other vitals information that have been included in 

the designed prototype are systolic blood pressure, diastolic blood pressure, 

heart rate, pulse rate, respiration rate, oxygen saturation level, glucose level, 

body weight and temperature. These are real observation values recorded in the 

telemedicine system and an important data recorded in any EMR system. The 
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ADLs that have been considered are falling pattern, limping, mobility, daily 

activities that include patterns of daily activity, bed restlessness and sleep time.  

 

 

Figure 3: Interface for Congestive Health Failure Patient with Mobility 

Constraints  

(Adapted from (Yang Gong & Chandra, 2011a, 2011b) 
	  

Falling pattern refers to the pattern of falling that happens to residents 

while trying to do regular daily activities or while trying to move from one place to 
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the other, or exercising etc. within TigerPlace, and this is monitored through the 

sensor system placed in different locations inside TigerPlace. Limping is 

captured by interpreting the gait pattern that is monitored via the sensors 

provided by the evidence if the gait shows deviation from the normal angle of 

inclination of a person while walking. Mobility refers to the activity of a person 

related to his movement, which combines walking, exercising, moving from one 

place or other, movement within the room etc. Daily activity that is captured by 

the sensors refers to cooking, bathing, moving within the room, going to the 

bathroom or outside ones room, going to bed and up etc. Activity pattern refers to 

pattern of daily activity like going for exercising or a walk on a regular basis, 

going to eat breakfast, lunch and dinner at regular interval of time during the day, 

skipping meals, skipping sleep, randomly visiting the bathroom etc. Bed 

restlessness refers to body movement in bed while in bed either while sleeping or 

due to sleeplessness or due to frequent visit to the bathroom. Sleep time refers 

to the actual sleep time of a person during the night without restless movement 

or frequent visits to the bathroom. Two cases have been considered to 

understand the relationship better by using Prototype1 and Prototype2. Refer to 

Figure 2 and Figure 3. 

In Prototype 1 (Figure 2), the relationship between edema and pain in 

different parts of the body along with variations in values of blood pressure, 

glucose level, heart rate, pulse rate and body weight can be associated to 

limping, falling and mobility of a resident. These variations can also affect the 

daily low to high general activity of a person and show irregular or abnormal 
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activity pattern of a resident recorded over a time range of weeks or months.  

In Prototype 2 (Figure 3), the relationship between different problems in 

breathing related to shortness of breath, orthopnea or palpitation in conjugation 

with respiration rate, temperature, pulse rate, and varying blood pressure can 

affect the resident’s bed restlessness and sleep time. Breathing trouble in 

conjugation with pain in head or other body parts can also affect the daily 

activities and pattern of daily activity of a resident recorded over a time range of 

weeks or months. 

In Prototype 1 and Prototype 2, the clinical record contains the signs and 

symptoms and vitals signs information in the left side and the ADLs in the right 

hand side. This has been facilitated so that information related to each other can 

be seen on a single screen. The symptoms and vital signs information has been 

transformed into a comparison (ordinal) scale of low, medium and high. Vitals 

signs like glucose level and temperature have been transformed into a 

comparison scale of low, normal and high. Heart rate, pulse rate and respiration 

rate has been transformed into irregular and regular pattern in the prototypes.  

For the ADLs, the information has been color coded as green for low severity, 

blue for medium severity and red for high severity respectively. For one of the 

ADLs i.e. the activity pattern graph has been color-coded as green for regular, 

yellow for irregular, blue for normal pattern and red for high activity pattern. 

The major focus of designing these prototypes is to provide care providers 

a way to see related information in a single view for easy interpretation and 

helping them compare between the variations of vitals and their relationship with 
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associated ADL that are very important for the residents daily living and 

monitoring the progress of any present disease. 

 

Figure 4: Different Kinds of Graphs Showing Same Functionality  

(Adapted from (Florea, 2009) 
 
 



	  
	  

38	  

5.1.2. Dynamic Design or Design Level 2 and Level 3 

 

Figure 5: Comparison of Sleep Time & Restlessness Time ADLs  

 

Design Level 2 

The goal of the dynamic design can be achieved by adding views that 

additionally support different form of graphs embedded in the workflow and can 

be displayed in the same screen. This design can also be better enumerated if 

we create a view in which the care providers can see multiple views of the same 

information in different formats and can view old data for comparison in a 

graphical format with the new data that may help easy interpretation of results 

and understanding changes in trends and values. We illustrated this design with 
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interpretation of one of the ADL functionalities taken from CHF, which is bed 

restlessness time. The graphs related to restlessness were presented in three 

formats: pie chart, bar chart and histogram. It aids the clinical decision-maker to 

interpret the patient condition related to bed restlessness from different 

viewpoints as shown in Figure 4. 

 

Description of Design Level 2 

The line chart for bed restlessness provides information related to 

restlessness related to different activities i.e. visiting the bathroom, movement on 

the bed while sleeping and its frequency etc. This will help care providers 

understand the pattern of activity which may be responsible for restlessness 

enabling the reason behind that is causing it. The restlessness can be due to 

breathing trouble associated with sleeping in bed i.e. orthopnea or shortness of 

breath, or due to pain in any part of the body. The histogram helps determine the 

level of restlessness depending on time in seconds categorizing it low, medium 

or high. The pie chart helps determine the level of bed restlessness and 

additionally the frequency of its occurrence over the night. The granularity of the 

information helps find the gravity of the problem related to the observation in the 

form of graphs. The information now which can be used to be interpreted majorly 

by care providers, can be used in a portal for other users i.e. family member and 

other staff of the hospital, to view by transforming the information to other ordinal 

scale depending on the user needs. 
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Figure 6: Comparison of Sensor Data of Edema and Limping ADLs 

 

Design Level 3 

In the next level, upgrading the prototype interface from static to dynamic 

may provide a higher level of effective clinical decision-making using a human-

centered framework. The next design objective is to make the design to be able 

to provide the next level of support that will help in the better interpretation of the 

information represented in the designed prototype interface. Care providers will 

have access to the ADL functionality but do not have the privilege to compare the 

information to see how effectiveness the treatment or to find out the changes in 
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the outcomes within different time intervals. In this level of design we have 

employed the prototype to be able to compare the same functionality over two 

different time periods and making comparison between two different 

functionalities over a time interval. The design has been employed by using 2 

scenarios from the CHF related ADL functionalities. This design will enable the 

care provider to use the compared information to match it with the general trends 

to identify abnormalities or quantify how far the difference is from the ideal 

scenario.  

 

Description of Design Level 3 

To illustrate the dynamic design or design level 3 with examples: 

Comparison of graphs of same functionality has been explained by using 

comparative ideal trend: Comparing graphs for two different time period or 

months/weeks compared to the general trend. This will enable the care providers 

to observe the abnormality when compared to the actual trend, effective in 

decision-making. For examples, if the general trend of old people is to sleep for 8 

hours regularly, we can plot a graph for a resident with his regular sleep time, we 

can find if he is sleeping properly or not and if it is due to shortness of breath or 

orthopnea or pain related to head, chest or other body parts. 

Comparing graphs like the current trend vs. the threshold values. This can 

be used to see how technology or medicine/therapy can be used to measure the 

changes. 

Comparison of graphs of two different functionalities has been elaborated 
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using two scenarios: 

Scenario1: Subjective section in EMR, derived from the vital sign information: 

shortness of breath (SOB), orthopnea. Two corresponding ADLs related to CHF 

used are bed restlessness time and sleep time.  

In this relationship we can see that more the resident is restless in bed, 

lesser is his sleep time. And we could compare this trend with the ideal sleeping 

time and further compare restlessness time with the resident’s actual sleeping 

time. These conditions i.e., SOB, orthopnea, pain related to head, chest or other 

parts of the body, can be analyzed by using the comparison of the two ADL 

functionality comparison graph. In Scenario1, the data for restlessness time and 

sleep time has been transformed into a scale of 1-10 corresponding to the 

number of hours, keeping 8 hours as the ideal sleep time. We have limited our 

comparison of both sleep time and restlessness time in bed to 8 hours a day, as 

shown in Figure 5. 

Scenario2: Subjective section in the EMR, derived from the vital sign information, 

i.e., edema, pain in head, chest, other parts of the body etc. Corresponding ADLs 

related to CHF used are mobility, fall-pattern and limping. 

The ADL functionalities i.e. limping and mobility can have high probability 

of patient falls. Falling can further decrease mobility and deteriorate patient 

conditions i.e. edema, body pain etc. related to falling. When we are able to 

compare the trends in relation to how mobility due to limping of a patient can be 

affected by edema or body pain over time, care providers correspondingly will be 

able to determine the problems related to the outcomes and how they can 
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improve the patient condition related to pain and edema. In Scenario 2, the 

condition of edema has been transformed to a scale of 5 levels representing from 

the lowest to the most severe condition. The ADL for the severity of limping has 

been transformed to a scale of 1-10 depending on the severity. We have 

considered 1 to be the ideal scale for both to complexity in mapping the scales 

and to make the graph easy for interpretation, as shown in Figure 6. 

5.2. Needs of Current LTC Facilities 

The designed prototype enables a quick synopsis of a CHF resident at 

TigerPlace, presented in Figure1. The designed prototype alone cannot assist 

clinicians with effective care coordination among themselves by just having a 

view of the prototype. It is essential to provide additional tools that will enable 

care providers to do easy documentation, care coordination and communication 

among themselves. These tools should have embedded usability features and 

adopting providers to use the new system and visualize changes in the health 

status of the residents. Figure 7 represents the relation of nursing documentation 

along with the nursing assessment needs (Kane & Kane, 2000). It’s a high level 

view of the different nursing assessments at LTC settings and how LTC EMRs 

can support them (Chandra & Gong, 2012). 
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Figure 7: Relation between Different Resident Assessment Needs in a 

Minimum Data Set (MDS)  

(Adapted from unpublished paper by(Chandra & Gong, 2012; Florea, 2009) 
 

Table 3 shows the first consideration for the interview that goes to the 

ability of the tool to be used or embedded with the current EMR/EHR system. 

Table 3. First Design Considerations 
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The tools cannot function efficiently without the help of holistic designed 

prototypes similar to the ones designed for CHF scenario. Table 4 shows the 

second consideration for the capability of the tool along with the prototypes.  

Table 4. Second Design Considerations 

	  

5.3. Interview Results 

Table 5 illustrates the top five findings from interviews with providers in 
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long-term care (Chandra & Yang, 2012). 

Table 5. Findings from Interviews with Care Providers in LTC  

Lack of Technology 

Inadequate or Absence of Technology – Interviewees showed concerns related to lack of 

adequate technology in nursing homes, “basic ones lack the proper IT infrastructure, Internet 

connection, use of computer and the knowledge to use it”. Another provider quoted “non-

availability of good support system to help develop those technologies in long-term care, very 

few people trained in doing it in long-term care. There are people trying to implement things 

which they are not educated or trained to do.” 

Problems with Technology  

Non-availability of dedicated system for LTC needs – The biggest challenge for providers 

was “there are no systems having a dedicated system for long-term care. It was within the 

context of the hospital information system. No unique features for LTC were available”. 

Systems not-integrated – There were concerns integrated systems. “Presently, everyone 

doesn’t have a fully integrated EMR. First paper collection and than it is put into EMR.” One 

provider quoted “Most of them are stand-alone systems. There is little integration across 

systems or even within the system for different nurses.” 

Scattered Information – The collected data is often cluttered and not organized properly. One 

quoted that ”Present records are scattered and not together.” Also, mentioned that “they had a 

health record and all the reports of the patients is available somewhere else.” 

Unavailable Holistic View – Providers expressed that they are “not able to see the big picture 

of a patient in the clinical setting”, “like patterns and trends, change in health status” to track 

real patients needs. They also quoted, “there is great deal of duplication in work… varies in 

documentation, insufficient completion of documentation… difficulty to check that.” 

Interoperability – Providers “require interoperability between homes and hospitals, connect 
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long-term care, physician offices and patient. All should be connected.” They require “one 

secure access point to see the data at one place”. 

Inter-professional Communication – Providers expressed that there was “No two-way 

communication, within disciplines and between healthcare systems”, and “very few 

technologies that support communication between different providers like nurses, nursing-aids, 

physical therapist, administrator, etc.” and “lot of that is on paper and not electronic.” They 

require “Capability of communicating with other EHRs… in the same service area”. 

Clinical Decision Support – Providers stated that there is “Not much clinical decision support 

inbuilt… if the weight has increased, it should be sent to a queue for nurses to look at the 

history. Parameters needs to be set so that for changes one can see the history or flag it with 

alerts… showing average weight”. 

Portability – Providers require “One secure access - point to see the data at one place… they 

had a health record and all the reports of the patients in available somewhere else.” 

Information Needs 

Data Capture – Providers should be “able to capture real-time with timestamp”, “maximizing 

the usability, user-friendly for the staff, sophisticated enough to see the high-level clinical 

picture, analyze and make decisions based on it”. They want it to be intuitive, “information 

should come to them”. 

Point of Care – The nurses concern is “nursing chart should be at the point of care… are 

mobile enough to be at the bedside. It just makes the work easier”, “bed-side point of care is a 

different delivery method, it is just helpful for the users… depends of the system… laptop on a 

cart is cumbersome versus using a small pda…” 

Integrated Information – “Nurses should be able to pull the history in another format for 

viewing and look back over time”,  “ability to see the visits and trends over time”, “able to 

analyze the data they collect from patients. Able to do interventions much faster by looking at 

the assessment trends revealed”. Another provider stated that they need to “pull information 
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related to nutrition, supplements, mobility, high-grade… de-hydration has higher skin 

breakdown… input output… stopped drinking” 

Alerts – “EMR to generate alert trigger for nurses for risk assessment…” “They require alerts 

for understanding what needs to be completed… color-coded pink/grey, alerted, tracking…” 

Another provider stated, “require ‘i-alerts’ as weight may change, and documentation may be 

missed as ‘LPNs’ are more focused on the task in hand. The vital signs change from resident 

baseline, when out of range…” and “alert fatigue should be avoided... opportunity to ignore 

alerts”. 

Suggestions and Concerns 

Risk Evaluation – “Future goal is to help design the system that can be prevented”, “Incident 

report for medicines, error, falls... Fall trends, medication error trends... increase or decrease 

over a period of time”. “Graphical display to notify which residents may have change in status 

over time… more urgent ones”. 

Nursing Assessments – “Not all assessments can be done through an EMR but they should 

receive certain alerts, pathways for assessments” and “Building assessment pre-formulated 

templates electronically for nurses to capture the information quickly.” The “major ones are 

ADL, IADLs, fall risks, skin risks, memory scales, gait and balance scales, nutritional, 

continence, psychiatry assessments, caregiver burden scales, rehabilitation, maintenance 

therapy assessments, medication therapy monitoring assessments.” 

Nursing Documentation – “Documentation for long-term system… its more appropriate to 

have dedicated, designated or tailored EHR, rather than just the generic system that serves 

everybody”. Another provider stated “documentation which has all forms together, for charting 

vital signs, date, period of time, what they have done… makes it easier, time efficient… 

increases productivity.” “EHR documentation for care-planning and coordination of care… 

longitudinal care plan and transmit them between people who are using the same information 

system… helps track patient care, understand patient needs at specific times, not loose time or 
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information over time”. 

Need Clinical Decision Support – “Some have forms with clinical decision support… have 

intervention list created by the nurses electronically, which allows… to know which things have 

to be done and it pins out for alerting the nurses… track real needs of the patient…” Another 

provider stated “features and frequency parameters for care plan to direct the nurse… inbuilt 

rules and active clinical decision support... like queue-based… everyday or regular ability to 

modify assessments and the record should have the capability to do such changes”. 

Maximizing Usability – Concerns related to “maximizing the usability, user-friendly for the 

staff… intuitive… Information should come to them”. Another provider stated, “Usability of the 

user-interfaces are major concerns”. They suggested, “Alert fatigue should be avoided… 

opportunity to ignore alerts”. 

Provider Preferences 

Security and Privacy – Providers need “access control of who can tailor the plan of care. 

Consolidate the parameters to make clinical decision; only the ‘RN's’ or nursing directors 

should have the ability modify it”, “manager administrative rights… setting new one or change 

it… control who sees what”. 

Tailoring - “Tailor it facility wise… nursing unit based… like sub-acute stays, more frequent 

assessments and very specific parameters each time” “Tailor it by user and by discipline like 

nurses, physicians, social worker, pastor...” “Individualized… resident basis… based on 

parameter, tailor it as per resident need” 

Personalize – “Nurses should have a wish list… co-morbidities, potential high risk patients, 

more frail adults, tailor the dashboard for the resident and also it should be flexible… change 

over time depending on the resident need” “Dig into individual information to understand the 

individual better” 
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Pathways for Nursing Assessment – The nurses are concerned that “in the system, data to 

flow to the quality reports... to avoid double documentation, duplications… also alert staff 

members for things that need to be done… inform the nurses… like skin assessment form 

focused on the problem, and that should prompt a changed…  plan of care changes and also 

specify… dry wound protocol and wet wound has different protocol... has type, location, site…” 

“Nursing assessment, evidence based data, and how they can be systemically arranged, skin, 

cardio, neurology for nurses or providers… needs to know” 

Enhancing Nursing Assessments – “Nurses use different documentation, different timelines, 

different data for assessment and compliance… certain assessments can be enhanced on 

parameters for high risks.” “Different assessments that are most frequent or most important… 

is different across individuals and facilities” 

Quick Checklist – Providers want to avail “dropdown menus, limited free-text to decrease 

workarounds… flags when certain things to be filled-in are missing… types of data… need lots 

of details that need to be included in the nursing assessment forms”. 

Quality – Providers need information related to “rate of hospitalization related to the 

diagnosis”. Providers to ensure “medication changes or orders… not too many medicines”. 

Viewing Information – Providers have “different capabilities for caregivers - different user 

views for them”. “Enable compare to functions over time… IT will help in continuity and shift 

handovers…” 
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6. Conclusions 

Based on the UFuRT framework (Y. Gong & Zhang, 2005; Zhang, Patel, 

Johnson, & Smith, 2002) we planned to prototype a human-centered health data 

display interface to facilitate clinical decision-making process and meet the 

information needs majorly of care providers. To achieve this purpose, the data 

collected from the telemedicine system to the sensors needed to be mapped with 

significant relevance and data categorization (M. P. Aud, M; Rantz, MJ; Skubic, 

M; Alexander, G; Koopman, R; Miller, S, 2010).  

The process of developing a couple of prototypes based on scenarios of 

CHF, a chronic disease was reported. Many other chronic diseases or conditions 

of the residents in TigerPlace can have potential benefit from the effort. 

TigerPlace, however, does not have a holistic display in use for the decision 

makers to be able to see the vital signs, current symptoms, diagnosis and the 

collected sensor data i.e., daily activity, mobility, falls, etc. (Rantz, Aud et al., 

2008). For ensuring quality of care, especially for the frail elderly who suffer from 

multiple chronic diseases or conditions, it is necessary that all relevant clinical 

information is available to care providers for effective decision-making. With the 

help of technologies, the elderly can live more independent life at old age and 

take limited support from others (Skubic, et al., 2009). The elderly can also live 

longer life with the help of technologies that can potentially decrease their risks of 

accidents, which otherwise can be fatal or can disable them permanently (Yang 

Gong & Chandra, 2011a, 2011b). 
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Efforts were made to design a single interface to see all staggered health 

information present at TigerPlace, which helps in critical clinical decision-making 

to mitigate potential risks of the elderly are the primary concerns of patient care 

and patient safety. The interface needs to be made more usable, natural and 

simple in order to externalize internal information requirements to the maximum. 

The tool also needs to be made more transparent for users to increase efficiency 

and optimal performance. 

This research exploring the human-centered interface to support aging in 

place using hypothetical residents’ health data extracted from the three systems 

at TigerPlace, has more practical implications than theoretical. It practically 

contributes in identifying variables in relational search tasks, distribution of data 

at data scale level, distributed information analysis. It also helps in advancing the 

UFuRT concept in the aging research. URuRT framework has a variety of 

application in many healthcare activities, but this study provides the evidence its 

use in designing healthcare information systems used by care providers, nurses 

etc. 

Our design on the integrated display of health data has the capability of 

viewing information from the telemedicine and the sensor system in conjugation 

taking into considering only CHF. Through the single interface, the design has 

been slightly advanced to enable the care providers to see more relevant health 

information using dynamic design. The dynamic display designed so far can be 

extended by more functionality to the holistic view. It can be advanced to provide 

support to care providers as well as other users of the system in the form of 
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reminders and alerts. The present design in more focused on care providers, but 

eventually the same design principles it can serve as a patient portal and can be 

extended to different user groups i.e. other hospital staff, residents, family 

members etc. by transforming the available data scales to a lower data scale 

depending on the viewer needs. Residents and their family members could have 

access to more reliable information though the integrated display, which 

potentially can increase the credibility of consumer-reported healthcare 

information (Yang Gong & Chandra, 2011a, 2011b). For the system to be able to 

acquire higher level of clinical knowledge and to be able to retrieve stored 

information when needed, the system requires to attain a higher level of clinical 

knowledge transformation.  

On further analysis, we look at design considerations listed in Table 3 and 

Table 4, which is not limited to our findings. The elderly residents keep moving to 

and from acute care to LTC, care providers require information to be exchanged 

between the two care settings. Health information needs to be made available to 

providers for better treatment decisions and facilitating interoperability of the 

same plays a pivotal role in effective clinical decision-making. It is necessary that 

the health status and related health information of the residents are available to 

the care providers at the point of service (POS) using mobile technologies. The 

LTC EMR should facilitate embedding nursing assessment templates for easy 

clinical documentation. The minimum data-set (MDS) documentation is 

necessary for the nursing assessments for quality and payments (Resnick, 

Manard, Stone, & Alwan, 2009). The documentation of quality of life (QOL) 
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indicators also needs to be supported by the nursing assessments embedded in 

the LTC EMR (Kane & Kane, 2000). The healthcare needs and assessments of 

residents at LTC are very different and our design considerations focuses 

distinctly on these needs. Residents at LTC are typically monitored round the 

clock and even a small decline in their health status may become an emergent 

condition, as the elderly are frail and more vulnerable to health deterioration 

compared younger adults. LTC settings also have different quality goals related 

to patient safety and care providers have to look at different assessments and 

intervention outcomes for quality reporting and payment for health services. 

Evaluation is further required on how our design analysis and prototyping can be 

extended to different kinds of LTC settings e.g., semi-skilled nursing and 

assistive living. Research is also required to find the information needs of home 

health and rehabilitation for the senior residents. The design also needs 

considerations related to the needs of different caregiver user groups at LTC 

facilities (Chandra & Gong, 2012). 

 

7. Discussion from Designed Prototype and Interviews 

The prototype built on the design framework; UFuRT through a single 

interface provides an advanced feature or tool to support a higher level of 

decision support. The system will have the ability to compare similar problems, 

diseases and treatment options available from other individual residents or the 

old population as a whole. To establish this we need to develop a knowledge 

base, which has the complete health information from other patients, trends of a 
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disease etc. more toward evidence based medicine (EBM). This information can 

be stored and eventually we would require designing an inference engine where 

certain set of rules can be built to aid in the clinical diagnosis process i.e., using 

rule-based and case-based inference engines, to alert potential risky or emergent 

conditions. The objective of the system can be extended to designing a system 

that would assist clinicians to avoid adverse situations i.e. emergency and 

improve patient safety, with the timely triggering of the designed clinical decision 

support system. 

From interviews and information collected from the care providers, it is 

clear from Table 5 that they expressed concerns related to the present status of 

EMR and EHR in LTC settings. It is evident from the interview findings that the 

adoption of technology and EMR or EHR is slow in LTC. TigerPlace, is an unique 

LTC independent living facility providing the elderly residents a very different and 

enhanced model of care. Typical nursing homes are still in the adoption process, 

and the care providers are concerned because it is a mandate for nursing homes 

under the criteria for meeting “Meaningful Use Stage2”. One of the providers 

quoted “at present, Meaningful Use is driving the nursing homes - transition from 

to electronic, implement ‘CPOE’, ‘eMAR’…”Providers also clearly expressed their 

concerns related to the usability for the electronic systems they use, which are 

not fully integrated and they still have to use a lot of paper for providing care, 

taking notes, communication and charting. Some of the paper gets scanned into 

the EMRs, but the information is scattered and disintegrated either within or 

outside the information system they use at a facility. There is a lot of data 
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duplication, which makes it inconvenient to report correct information. 

Communication within disciplines and facilities is a big challenge, especially 

during hand-offs or shift changes. One of the providers stated the need as “In a 

perfect world, the EHR's should be shared and be able to communicate through 

it. Having a centralized database to do it.” Another provider quoted “we are data 

rich, and information poor”. The available information of the residents from LTC 

homes should be available with the physicians they visit or incidents when they 

need to go to emergency care or become inpatients. The variation in the 

adoption of technology across healthcare systems also poses a challenge for 

interoperability and exchange of information (Chandra & Yang, 2012). 

In addition to that, clinical decision support is almost not available for them 

to check or predict risks. They need data to be portable and available at the point 

of care (POC). The providers want the system to be intuitive, so that it can guide 

them what to do. At present the systems are more used as repositories rater than 

a tool for meeting their information needs. The providers who use the EMR or 

EHR system often lack training to explore and utilize the full capabilities of the 

system. The providers require alerts that will be intuitive and will correct them 

when things go wrong or will guide them towards a correct protocol, depending 

on the situation. The alerts for individual residents need to be adjusted to the 

resident baseline for predicting risks for the individual, as the normal range for 

residents vary depending on their health status. Risk evaluation and predicting 

what may go wrong was one of the biggest concerns among the care providers in 

LTC. They want to see the trends of health decline over time, and have ability to 
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compare historical data of a resident. The information is often so cluttered, that 

they are unable to get the “big picture” of the residents’ health status. Nursing 

assessment and documentation is an integral part of the care giving process in 

LTC. The present documentation systems are often not user friendly and are free 

text based. Nursing assessments and evaluations also need lot of attention. They 

want it to be intuitive and “quick” and since it involves lot of different kinds of 

data, they don’t want it to be “cumbersome”. The LTC providers need enhanced 

tool for doing nursing assessments by using pre-formulated templates that are 

user-friendly. These templates are often not available in the electronic system 

they use (Chandra & Yang, 2012). 

The providers are looking at using the systems to their full capabilities, but 

they also need lot of personalization depending on their user roles, to complete 

their task easily. They require a tailored system that gives them the most 

important information, and have control over the information they see or they 

intend to see. The also want the electronic system to be individualized based on 

the resident needs and have the ability change it as the plan of care of the 

resident changes. The providers want to see information in a certain format 

depending on their role. So the system should display information in a variety of 

ways for easy visibility. Ultimately, quality of resident care and their safety are of 

a major concern to the care providers. Preventable risks from incidents i.e. fall, 

medication errors, etc. needs to be averted in every possible way and ensure the 

residents’ wellbeing (Chandra & Yang, 2012). 
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8. Limitations of the Study and Future Work 

In this project we have made an attempt to demonstrate our efforts in 

analyzing the clinical data currently scattered in the complex health information 

systems. We initially analyzed two CHF scenarios to design two prototypes, but it 

was realized that other common chronic diseases might have very different data 

elements, measures and occurrences. These measures may have higher 

frequency of occurrences within a health information system that cannot be 

demonstrated within the designed prototypes. Therefore, continuous efforts are 

needed to develop interfaces that are more practical and can accommodate 

more data sets for complex disease conditions. Though the UFuRT framework 

theoretically ensures a human-centered design, further usability evaluation is 

required to fully evaluate its capabilities and limitations. We anticipate that a 

validated theoretical framework can be developed with further research and data 

collection (Yang Gong & Chandra, 2011a, 2011b). 

Our study also focused a lot on the present literature review of the aging in 

place model e.g., TigerPlace, and current state of LTC EMR collected through 

the interview findings from a convenient sample of only seven care providers in 

LTC. The prototype design and the design considerations for LTC EMR need to 

be enhanced by detailed interviewing with care providers, which are iterative in 

nature, and may require detailed interviewing process with different kind of care 

providers in the LTC setting. The study was limited to providers available at 

Missouri State, who are related to the Sinclair School of Nursing or University of 

Missouri Healthcare system. Our study was also limited to providers available 
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locally and the findings presented in this paper are also limited to their 

experience and background. The interview certain important insights to the 

present status of EMR and EHR adoption in LTC, but findings may vary from 

different geographical regions (Chandra & Gong, 2012; Chandra & Yang, 2012). 

Evaluation of the needs on LTC setup is in a very preliminary stage for 

understanding the reasons why the adoption of EHRs is slow in LTC facilities. 

The present study also requires insights from different type of LTC homes, which 

may vary in size, to capture the actual requirements of different sized facilities. It 

was also realized during the conversation that certain homes may be specialists 

in housing residents having special or critical needs e.g. dementia, cognitive 

disability etc. Our study does not focus on any such special needs and we 

understand that a detailed data collection is required to understand the 

requirements of residents with certain chronic and terminal illnesses. This study 

also does not cover their social needs related to quality of life QOL as well 

(Chandra & Yang, 2012). Apart from just elaborating the high-level design 

requirements of LTC EMR, the threats also need to be evaluated and discussed 

(Chandra & Gong, 2012). 
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Figure 9: Page 2 of IRB Application Form 
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Figure 11: Page 4 of IRB Application Form 
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Figure 14: Page 7 of IRB Application Form 
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Figure 15: Page 8 of IRB Application Form 
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9.2. IRB Approved Question  

	  
	  
Figure 16: IRB Approved Interview Questions 
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9.4. IRB Approval Letter 
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