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Abstract

Motion, bed, and gait analysis sensors are installed in the homes of seniors and 

monitored continuously  for the purpose of detecting early signs of health change as well as 

functional decline.  Automated health alerts are distributed to clinical staff as part of a 

clinical decision support system. Embedded in each health alert is a link to a web interface 

for interactively displaying the sensor data patterns.  The health alerts facilitate early 

interventions. However, the design and usability of the web interface greatly affect the 

effectiveness of the clinical decision support system.  This web system is analyzed and 

redesigned over an iterative process for displaying the in-home sensor data. Dedicated users 

aid in the design process by participating in weekly walk-throughs and feedback sessions.  

Usability of the website can be described and analyzed using a series of known guidelines as 

well as user reactions to changes.
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Chapter 1: Introduction

With the rapid development of healthcare technologies in recent years, there has 

been a huge increase in interest and demand for digital healthcare monitoring.  This ranges 

from everyday users (using systems like Fitbit, body fat % scales,  heart rate monitors, and 

other wearable devices) to hospital and closed system environments.  While research 

groups and private companies are coming up with hardware and software to collect and 

analyze this data, there is also a question in how to view large amounts of collected data, 

how to interpret that data, and how users can discover its significance.  In this study, I 

look at the Eldertech system, which is comprised of a variety of environmental home 

sensors, and has a dedicated user base and clear goal for the system. I perform an 

evaluation of the existing system, and then redesign and rebuild the interface with the 

knowledge of interface design and usability as well as the insights from real life users 

throughout the iterative design and implementation process.

1.2 Goals

The goal of this interface is to allow clinicians and researchers to properly view, 

interpret, and respond to sensor data in a robust and easy to use way. With large amounts 

of data being recorded, there must be an easily accessible place at which to view such data 

and to not only view it, but for the data to be presented in ways that are meaningful to the 

researchers.   The Interface exists to evaluate clinical data health alerts in order to see 

changes in activity which may lead to health problems. Any way in which the interface 

aids in achieving clarity is a success.
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1.2.1 Requirements

When designing an web interface, or any software, it is important to set out a list of 

requirements for that system. 

1. Be able to view sensor data in a variety of graphical displays, in a variety of time-
ranges with accuracy and clarity.

2. Be able to view interface across all browsers, including different types of media 
devices.

3. Have one “universal” interface sufficient to view different aspects of the large 
system in one location.

4. Be as modular as possible, with the idea that displays, systems, and interpretations  
will be changing and growing as the research goals change.

1.3 Methods

There are many usability methods that can be used to evaluate a healthcare system 

like this one. These include: heuristic evaluation [17], cognitive walkthrough [20], remote 

evaluation [13], laboratory testing, usability questionnaires, and risk assessment [12]. 

These methods though vary in how easy they are to use and how quickly they can be 

applied [2]. For this particular study, I used iterative insight from a controlled group of 

users, with live walkthroughs in weekly meetings and reactions as well as verbal and 

written feedback.  The positive side of this method is that it allows routine interfacing 

between the design/development side and the user side, similar to an agile development 

environment, which has been shown to improve communication and coordination, 

increase flexibility of the design , and increased quality in the final product [2]. Another 

advantage to this method is that since this is a dedicated group of users, they are very 

2



likely to give useful and meaningful feedback instead of just a non-descriptive comment 

like “good” or “bad” when evaluating the ease at which they are using the system. One 

concern with using this approach is that there is no quantitative measure (unlike heuristic 

evaluation), which may be important to implement as development continues.

It may be an important question to ask if the method of weekly examinations 

through walkthroughs of features in the interface is a good enough way to test usability.  

In a study concerning how much testing is needed to discover usability problems, it was 

found that roughly 85% of usability problems can be found by watching just 1 user test a 

system.  The more users you add for testing, the less new information you will receive 

from those additional users.  This makes sense because in many cases, the majority of 

users will want to perform the same type of actions on a system.  The curve in figure 1.1 

suggests that you can discover all the usability problems in a system with just 15 users.  

[19]

Figure 1.1 Results of Usability Study by Nielson and Landauer
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In our Eldertech team, we had roughly 6 users who were using the system in high 

frequency, and more that were using and giving feedback at a moderate frequency.  That 

number has since grown with the added number of locations that the systems are being 

deployed.  So I would argue that this is a large enough user base to get accurate usability 

testing results.
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Chapter 2: Related Work and Concepts

2.1 Design Principles and Guidelines

In order to do a discussion on interface design, we must first look at and 

understand some basic design concepts and guidelines.  It is important to note that 

guidelines are not the same as rules.   Since each interface is different, there are different 

constraints and so some guidelines may not make sense to that particular case.

It is also important to note the difference between principles and guidelines.  Many 

people may think of them as interchangeable, however, they are not. A design principle 

provides a general recommendation in the process of design, whereas a design guideline is 

a lower level instruction which provides a particular rule.  The Gestalt Theory provides 

design principles.[4]

2.1.1 Gestalt Theory for Relationships

In a very general sense, visual design is an important aspect in the construction of 

any object or system.  This applies to architectural structures, sewing patterns, 

advertisements, art, engineering drawings, and computer interfaces.

  In Graphic Design, There are notable rules called the Gestalt Principles for 

Relationships to discuss. These principles describe pattern perception and have been 

shown to have value when applied to design of multi-sensory displays [4].
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2.1.1.1 Proximity

Proximity refers to the location of objects in relation to each other.  The human 

brain tends to group elements that are close to each other together [8]. An example can be 

seen in Figure 2.1.  In the image you can see that two distinct groups of circles are 

perceived based on their visual proximity.

Figure 2.1: Proximity principle displayed by two groups of circles

2.1.1.2 Similarity

Elements will tend to do be grouped together if they have relative attributes.  

Figure 2.2  depicts an example where elements are grouped together if the size, shape, 

hue, orientations, or lightness together. [4, 8, 18].  This concept actually applies to not 

only visual displays, but sounds as well.  Sounds are perceived as being similar if they 

have closely related timbre, pitch, and loudness.

Figure 2.2: Displaying the Similarity Principle
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2.1.1.3 Continuity

People tend to perceive continuous or smooth outlines between points rather than 

lines with irregular changes in direction.  [16,8] As an example, in the Figure 2.3 below, is 

a collection of circles.  However, it is perceived most likely as two curved smooth lines.

Figure 2.3: A set of dots which can be perceived as two continuous lines

2.1.1.4 Balance (Symmetry)

The human brain tends to feel more comfortable when viewing, touching, or 

hearing elements that have a sense of equilibrium [14].  The idea of balance is to achieve a 

sense of equal weighting of attributes when elements are being displayed.  

There are actually three ways of achieving balance in visual displays: symmetric or 

“formal” balance, asymmetric or “informal” balance, and radial balance.  Figure 2.4 

depicts an example of symmetric balance.  In the figure, elements are evenly spaced 

around center point and horizontal axis.     
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Figure 2.4 Symmetric Balance

Figure 2.5  shows asymmetric balance.  In this figure, the elements are not evenly spaced 

around the center point or either axis. However, the weighting of their size is still 

perceived as equal around the center point.  

8



Figure 2.5 Asymmetric Symmetry

The third  type of balance is radial balance. Figure 2.6 shows radial balance. Radial 

symmetry is equality no matter what plane you take as the center plane through the center 

point.

9



Figure 2.6 Radial Symmetry

2.1.1.5 Closure

the human brain closes contours that have gaps in them. Images which are 

incomplete or not completely enclosed can be perceived as such since the human brain has 

enough to be able to fill in missing information. Figure 7 is an example of such.

Figure 2.7: The brain perceives the triangle in the negative space
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2.2 Usability Principles

The term “Usability” refers to the quality of a user’s experience when interacting 

with a system. We can think of the concept of usability as being associated with five main 

principles.  Usability encompasses all of these elements, each of which plays a part in 

overall functionality, understanding and ease of use for the user.  Within each principle, 

there are additional concepts and guidelines which a designer can utilize to create 

interfaces which adhere to these principles [17]

1. Learnability

2. Efficiency

3. Memorability

4. Errors

5. Satisfaction

6. Visibility

7. Simplicity

8. Structure

2.2.1 Learnability

An interface with high learnability describes the usability of time.  It is unrealistic 

to say that every interface should be immediately intuitive to all users, as this is specific to 

a system.  Some systems, including the one described in this study, require some level of 

training to understand what is being displayed, how the information is being created and 

collected, and how to interact with it.  The concept of learnability takes this into account.  

An interface considered to have high learnability would be one that can be learned with or 
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without training, and the knowledge of how to use it and ease of use persists after the 

training, if there is any. [18,15]

2.2.2 Efficiency

A good interface should allow you to perform action quickly and without much 

effort.  In order for an interface to be ‘efficient’, the interface needs to accomplish its main 

purpose.  The goal of the interface must be identified; what is the purpose of this interface, 

and what functions are the most important for users to be able to accomplish?  Then, those 

functions must be the easiest to access and perform for users.  

2.2.3 Memorability

Memorability of an interface refers to how easily users can return to the design 

after a period of not using it.  In particular, how easily they can recall how to use the 

interface proficiently. Without the right knowledge of a user base, establishing 

memorability may be difficult.  

2.2.4 Errors

Quality interfaces will produce few or no errors, however they do tend to occur in 

most interfaces.  In addition to the amount of errors, the severity of the errors, and how 

easily users can recover from those errors can be an indicator of a usable system.  For 

example, if a user is triggering many errors on a page, but the errors do not result in 

noticeable functionality of the page,  it should be considered to have higher usability than 
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an interface which users are triggering almost no errors, but when they do, it results in 

catastrophic breaking of a page or other actions which render the page unusable.

2.2.5 Satisfaction

Satisfaction is a measure of how pleasant the experience was for the user.  

Satisfaction is an opinion based concept and is often not expressed.  The most common 

way to see if an interface is reaching desired levels of satisfaction is through user feedback 

and questionnaires.  However, there has been research that shows that subjects in these 

usability studies are often reluctant to be critical of designs when they are asked to assign 

a rating to design.  [26]  A suggested solution to this problem was explored by Microsoft, 

who developed a “Desirability Toolkit” as an alternative to measuring satisfaction with a 

questionnaire. The toolkit consists of a series of 118 “product reaction cards” which 

contain specific describing words like “sophisticated” and “useful”.  After completing a 

usability test, participants are asked to sort through the product reaction cards and choose 

five cards that match their personal reactions most closely.  Afterward, the chosen cards 

become the basis of a post-test interview where interviewers will ask more detailed 

justifications for their card choices.   In some opinions, this method helps elicit negative 

comments from the participants. [3]

2.2.6 Visibility

         The visibility principle states that all the options should be visible to a user without 

adding erroneous or unneeded information. Designs should make all materials for a given 

task visible to the user.  At the same time, these materials should not distract the user with 
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redundant or unneeded information.  Good designs tend to focus on not overwhelming 

users with alternatives. [4]  For instance, an interface should not have any links that lead 

nowhere, but at the same time should always have buttons and links for performing basic 

functions very visible.  Often times designers will violate this principle in order to make 

things “look good”, but especially when focusing on usability and functionality, visibility 

is a very important principle.[5]

2.2.7 Simplicity

        The Simplicity Principle states that design should make simple, common tasks very 

easy for the user.  These tasks should be communicated clearly and simply in the user's 

own language, and provide good shortcuts that are meaningfully related to longer 

procedures.

2.2.8 Structure

        The structure principle states that user interfaces should be organized purposefully in 

meaningful and useful ways that are based on clear, consistent models that are 

recognizable to users.  Related things should be grouped together and unrelated objects or 

tasks should be separated.  This could be achieved by using some of the Gestalt principles 

discussed earlier, particularly proximity and similarity to group controls and operations 

within a page.
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2.4 Modern User Interfaces

In addition to the other points made, it is important to address a few other aspects 

that make a good interface in the modern era of devices, sizes, and environments in which 

user interfaces are used.  For instance, a user who is viewing important data on a mobile 

device may only want the general bottom line of this information. A researcher who is 

sitting at their desk, with a very large screen or multiple monitors, may be ready to 

analyze the data and would desire a more in depth display, with details and options to 

manipulate the data.

With this idea of the device size and orientation correlating to the type of user, the 

programming method of responsive design comes into play.  Responsive design is a 

modern web-designing technique which uses styling language (CSS3) to detect the size of 

the user’s viewport.  Programmers can then easily adjust how the screen should look at 

varying sizes and create robust and visually pleasing interfaces.

  

2.5 Nielsen Usability Heuristics 

When we discuss the concept of usability, especially in user interface design,  It is 

important that we address Jakob Nielsen's usability heuristics for user interface design.  

These are the most commonly referred to measures for usability, and were first published 

by Nielsen in 1994 [17]. These heuristics can be used to evaluate interfaces by assigning a 

score to how well an interface or interaction follows the heuristics.  Since measuring such 

a broad and relative compass as usability can have a margin or error, the heuristics provide 

a standard for measuring.
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2.5.1 Visibility of System Status

Visibility in the user interface refers to the system allowing the users to be informed about 

what is going on, with some sort of feedback, and in a reasonable time. An example of the use of 

visibility would be for a page with a long loading time to show a spinning wheel, or some sort of 

indicator which lets the user know that it is still loading. That way, the user will not get frustrated 

and try to reload the page because they are unaware of what is happening. Error messaging also 

falls underneath this heuristic.

2.5.2 Match between system and the real world

In order to make using the system familiar to the user, this heuristic suggests the  use of 

real world words, phrases, concepts, and images instead of system or computing based terms 

(UNLESS it is a specific interface designed for system admins or similar roles).  Information 

should follow real-world conventions and appear in a logical and natural order.

2.5.3 User Controls and Freedom

Users of a system should be very forgiving, as users tend to select functions by 

mistakes and will need a way to undo their actions.  Always having a “home” button 

available is one way to give users freedom to move about the interface.  “Undo” and 

“redo” actions should be supported in the interface.
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2.5.4 Consistency and Standards

Keeping  actions, and situations consistent throughout the interface will reduce 

confusion.  Users should not have to wonder if different words mean that same thing.

2.5.5 Error Prevention

Error messaging may keep the user informed of what is happening in the system, 

but preventing errors as much as possible is an even better solution.  Eliminating error-

prone conditions or adding Boolean statements to check for such conditions can reduce the 

amount of errors in a system.

2.5.6 Recognition Rather than Recall

Users should not have to remember information they have already entered into the 

system.  Instructions, objects, actions, and options should always be visible to the user or 

easily retrievable whenever it is appropriate.

2.2.1.7 Flexibility and Efficiency of Use

The system should be efficient to use by both novice users and experienced users.  

This means that there may be accelerated options which novice users would not notice.  

Another example of this is when an interface shows a tutorial the first time a user is 
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logged in where a user has the option to skip ahead if they already are familiar with the 

system.

2.5.8 Aesthetic and Minimalist Design

Images, dialogues, and elements in the interface should not contain information 

with is irrelevant, distracting, or rarely needed.  This goes along with the idea of visibility; 

every extra piece of information will compete with other relevant pieces of information for 

space and attention, and will lower their overall relative visibility.

2.5.9 Help Users Recognize, Diagnose, and Recover from Errors

When errors do occur in the system, error messages should be in plain language 

and clearly indicate the problem as well as suggest a solution to the user.

2.5.10 Help and Documentation

An idealistic interface would be so intuitive that it can be used without 

documentation.  However, it may be necessary to provide help and documentation to users 

as there can be learning curves.  Finding this information should be always easy for the 

user to retrieve, and should focus on the users’ tasks, list steps, and not be overly large.
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2.6 Related work on Health Data Interfaces

In addition to the interfaces from the Eldertech Center of Rehabilitation 

Technology, there are some other interfaces worth studying and evaluating when 

discussing the design improvements.  There are many web interfaces for viewing data, 

however Eldertech is somewhat unique in its system of passive sensor network monitoring 

technologies and the extent of the types of sensors that are being used in these settings.  

2.6.1 Wearable Technology Web Interfaces

Wearable technology has become not only  valuable for research, but recently has 

become widely used commercially.  Low cost sensors can be used to track number of 

steps, distance walked, and sleep restlessness when worn while asleep.  The Fitbit Flex 

wearable wrist sensor is a prime example.  This popular sensor is worn on the wrist and 

can communicate via blutooth to mobile devices or through a usb connector to a computer. 

The fitbit app then connects to the internet to send the sensor data to Fitbit’s databases, 

where it is stored and customers can view all of their data through their mobile device or 

web portal. [6]

 To view this data, Fitbit has created a colorful and simplistic interface for users to 

see their data over varying time frames (1 day, 7 days, 28 days).  Since the Fitbit app is 

used mostly by users who are interested in tracking their movement and meeting activity 

or step goals for the day, the interface shows a series of small graphical displays which 

will fill up with color according to how close the user is to their goal.
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The Fitbit app is a good example of viewing these kinds of activity sensor data in a 

simplistic and colorful way.  The graphs are summarized with large font and a number.  

This minimalist design works well for its user base, the general public, who likely would 

want to see a bottom line figure as opposed to some sort of detailed report on their 

movements.  

However, the user base for the Eldertech interface is quite different.  Although 

researchers do want to have summarizations of activity to make identifying problems 

easier, they are interested in seeing detailed information about the residents and their 

activity, as well as more sophisticated data from sensors with higher accuracy, like the 

hydraulic bed sensor.  

2.6.2 EHR Usability and TURF method

There are some frameworks for usability testing in healthcare settings.  Many of 

these frameworks, including the TURF method [27], tend to focus specifically on 

electronic health records or EHR's.  Electronic health records are digital records of a 

patient's paper chart.  The EHR can contain medical history, hospitalizations, lab test 

results, images, medications, and any other medical information that has been 

documented. [10]

Although the Eldertech interface has different purpose and privacy rules applied to 

it, there may be some lessons to be learned from EHR usability, as both deal with records 

of health data.  In his study, Zhang reports that there is a lack of sufficient attention to 

usability in EHR systems and that this may be due to resisting in organizational change 
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and adoption of new frameworks.  It is suggested that there should be unifying guidelines 

of usability applied specifically to EHR interfaces. The TURF method is presented as a 

possible solution, 

TURF is an acronym which stands for task, user, representation, and function, 

which it focuses on as four components which determine the usability of a system [27].  

The TURF system analyzes usability by doing an analysis for each part.

User analysis is the process of identifying types of users and characteristics for each of 

those users.  For EHR domains, “types of users” are typically physicians, specialists, 

medical staff, technicians, patients, and family members.  Characteristics can include 

experience, knowledge of EHRs, educational backgrounds, and other factors.  Once a user 

analysis is done, it gives a better understanding for what users will need.

Functional analysis is the process of identifying the work ontology which can 

include goals, objectives, and operations for the users. For example, a goal might be 

“treating a patient with diabetes”, and an operation would be “writing a medical 

Figure 2.8 Image of TURF system overview, matching usability concepts to the four analysis subjects
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prescription”.  Recognizing the functions which users will likely want to use will indicate 

how to make operations work on an EHR.

Representation analysis is the process of evaluation the appropriateness of the 

representations for tasks on the EHR.  Representations can include words, images, and 

operation portals.

Task analysis is defined in this study as the process of identifying what steps are 

taken when carrying out operations by using specific representations, and noting 

relationships between these tasks, as well as whether they are mental or physical.  It is 

important in this step to include mental steps because it can help describe the cognitive 

path which the user is taking to complete tasks. Tasks in EHRs would include things like 

entering vital signs, entering a lab order, or documenting comments on a diagnosis.

TURF has been demonstrated to improve usability on several case studies of EHR 

interfaces.  Approaching usability as a human performance issue, the TURF method helps 

to define functionality, users, tasks, and how to represent items in the EHR by careful 

analysis.  Though Zhang is presenting TURF as a unifying framework for EHR usability, 

the theoretical backbone of it could work well with any interface that has systematic sets 

of operations, and could possibly be applied to parts of the Eldertech interface.

2.6.2 Oregon Health and Science University Sensor Monitoring

                The Healthy Aging Alliance at the Oregon Health and Science University (OHSU) 

focuses on physical activity, nutrition, education, and technology to help seniors age in 

place.  The team focuses on unobtrusive monitoring and detecting gradual changes in 

cognitive function of older adults.  An in-home monitoring system was set up in 2004 in 
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order to identify key motor changes preceding cognitive decline. [28].  The system was 

deployed in three apartments of elderly residents and was comprised of contact sensors as 

well as low-cost motion sensors.  The team attempted to measure activity levels, average 

walking speed, and patterns in activity.  Each resident would be monitored for 2 weeks 

with the sensors, with 20 test subjects enrolled.

           Once the team had collected enough data, they used a two week sliding window 

with Kernel Density Estimation to approximate walking speed.  This estimation showed 

some positive results in the study, however problems would arise when visitors were 

present.  [29]
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Chapter 3: Eldercare Sensor System

The interface referenced in this paper is part of a system designed to collect and evaluate a 

sensor data network.  This sensor network system is set up in homes and is comprised of several 

different types of sensors including motion sensors in each room, SONAR, radar, Microsoft Kinect 

to monitor gait, and a hydraulic bed sensor to monitor sleeping patterns  including restlessness, 

pulse, and breathing rate. [22, 11] The data collected from these sensors are then logged, 

processed, and stored in a MYSQL database.  The sensor interface then can query the database and 

display the information through a variety of graphs.  

3.1 System Overview

In an effort to make strides in research in the field of health sensing technology 

and intervention, the interdisciplinary team at Eldertech uses an integrated system which 

combines sensor networks, database servers, data loggers, health alert emails, and a web 

based interface.  Data including daily activity patterns, sleeping restlessness, breathing 

rate, ballistocardiogram signals, and gait information are collected and recorded through 

passive sensors, which then send information to data loggers, which process and log 

information in a MYSQL Database server. [9] At this point, the data are available to 

automatically generate health alerts, which notify clinical researchers.  Researchers can 

follow a hyperlink in the email health alerts to the web interface, which displays the data 

stored in the database using a series of graphical displays.  Clinicians leave feedback 

through the web interface regarding the valuation of the alert.  This feedback is used to 

further improve algorithms which generate alerts, to get more accurate notifications from 

the system. 
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3.2 Alerts

An important part of this system that makes it unique are the health alerts.  A health alert 

is an automated email which is sent to researchers and clinicians that notifies them if there has 

been a change in the resident’s health.  The interface is especially important when viewing a user’s 

data leading up to an alert, because it can show ongoing changes in activity which may go 

unnoticed by even the patient themselves.  [1,  9, 21]

3.3 Importance of a Usable Interface

In order for this system to be useful, each of its parts must be functional.  There are 

two general reasons why having a highly usable iinterface important in a system like this. 

The first reason is the one most people will think of first; A highly usable interface makes 

its basic functionality - delivering data and information to the user - easy and accessible.  

The second reason is that in a system with so many steps and processes running, having a 

user interface that is stable makes troubleshooting problems in the system easier since it 

will generally be evident when looking at the data this way if there is strange or suspicious 

looking data coming in.  Having a reliable troubleshooting process  accelerates 

development on the engineering side of the project.
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Chapter 4: Interface Redesign

Prior to the interface changes described in this paper, there were two existing versions of 

the web interface.  However, this thesis paper only describes iterative design changes between a 

second version (circa 2010) and the version I have developed (circa 2014). In this document, I will 

refer to the second version (circa 2010) as Version 1 and the version (circa 2014) as Version 2.

The interface system which will be referred to as “Version 1” is the system created 

in 2010.  This system did a sufficient job in allowing users to view measurements that 

came from motion sensors, and was used to evaluate alerts.  The interface used 

technologies like Flash and Actionscript in order to display stacked bar graphs which 

showed the user the counts of the resident’s motion sensors. Users were also able to 

change the date range by clicking a “zoom out” button (would add two weeks to the 

current range, one week in front and one week behind), changing the date range from a 

drop down menu, or clicking on the graph to get hour by hour sensor hits for that day.  

The system also displayed “density maps”, which uses a coloring system to draw a picture 

of the resident’s overall activity over time.  There were three density maps, one for motion 

density and out of apartment, which aggregated all of the data from all of the room’s 

motions sensors, as well as determining algorithmically whether or not the resident was 

away from the apartment.  

In 2013, a hydraulic bed sensor was integrated into the sensor network.  This 

sensor now collected brand new measures that did not correspond well with the stacked 

graphs.  The hydraulic bed sensor is a set of four evenly spaced transducers which are 

filled with water.  The set of transducers is then placed between a box spring and a 

matress, and remains there while residents get in and out of the bed.  Each transducer is 
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connected to its own pressure sensor, which logs signals from which measures of pulse 

rate, breathing rate, and restlessness can be extracted.  The numerous new measures call 

for a more sophisticated way of viewing them. Extensive refinement and experimentation 

of heartbeat detection algorithms have resulted in an accurate representation of heart rate 

from these sensors. [22, 11] Through attempting to accommodate the new data and graphs 

into the new interface, it became clear that Version 1 could no longer meet the Eldertech 

team's needs sufficiently, and so an entire new front-end to the web application was 

designed and developed, with the goal of a highly usable while flexible framework that 

would allow for future improvements to be made easily.  

4.1 Problems and Improvements

From a Usability standpoint, we can look to some of the guidelines laid out in 

order to help build a usable interface.  However, it is important to note that every interface 

and project is different, has different requirements and users.  This is why these are 

considered guidelines, and not strict rules, as there is always room for flexibility.  As 

mentioned previously, the iterative design process of Version 2 of the interface uses 

routine walkthroughs and verbal feedback from  a sample user base (the Eldertech 

Research group).  

4.1.1 Inconsistent Groupings and Differentiation

One design on version 1 that does not follow usability guidelines is the control bar 

located above the graph, displayed in Figure 4.1.
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Figure 4.1 Control Panel for Version 1

The controls on the left side of the screen perform functions where the user is 

redirected to a new page, displaying information that is not necessarily directly related to 

the chart they are currently viewing.  Controls on the right allow users to change the 

parameters of the current graph.  Once clicked an AJAX call is made which redraws the 

graph, but the user is still looking at the same page.  These two groups of controls perform 

very different types of actions. However, they appear as one group.  All buttons are in the 

same row, with the same font and styling.  This configuration is using structure and 

proximity to show these as similar items, which they are not.  

As an improvement for the newer interface, an organized layout allows separation 

of controls which affect the actual graph parameters from controls which direct the user to 

another page in the interface. The results can be seen in Figure 4.2 where controls on the 

top are horizontally organized tabs which lead the user to different pages.  On the right 

side of the screen, controls change the data on the graph which is being viewed.  These 

controls are in a vertical line and even have sub categories to show hierarchy and to 

further group controls by the type of effect they have on the graphical display.
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Figure 4.2 Dissimilarity of Control Groupings on Version 2

In addition to the controls of the graphical displays being inconsistent, Version 1 

of the interface had an issue of having unclear differentiation between different graphs. 

Figure 4.3 shows two graphs which have the same color of graph line as well as similar 

trends in the data. however, these are two separate graphs showing two different measures. 

The left graph displays respiration data from the hydraulic bed sensor, and the right is 

showing pulse data.  The two graphs are differentiated by the title, which is in medium 

sized font on the top left corner of the graph, and on the legend in small writing.  This is 

not a significant enough differentiation, because it forces the user to scan the page until 

they are led to one of these notifiers, which are not identified easily.
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Figure 4.3 Comparison of Breathing and Pulse graphs on Version 1

In order to differentiate between graph types in Version 2, each graph is assigned 

different colors.  In in Figure 4.4 below, the same measures are shown as the two graphs 

in Figure 4.3. However in addition to titles of the lines, blue and red, contrasting colors, 

are used in order to create differentiation in the two different measures.

Figure 4.4 Pulse and Breathing graph on Version 2

4.1.2 Navigating Through Time

The Eldertech system uses changes in health data over periods of time as a central 

part of their research, so it makes sense that users should have the ability to adjust time 
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ranges flawlessly and seamlessly within the interface.  Version 1 had the capability to 

allow users to move through time. However it was somewhat limited.  Users can change 

start and end dates by adjusting the 8 drop-down menus on the top of a graph.  There are 

eight because both start date and end date have four each: month, day, year, and hour.  

This is over-complicating the selection of a date.  Unnecessary user input can lead to a 

higher rate of user error, since there are more ways to cause error.    Alternatively, users 

can interactively click on a day in the graph when doing so, a display of each hour will be 

displayed.  Users can also quickly zoom out by clicking a “zoom out” button on the 

bottom of the page. 

 Figure 4.5 Example of Version 1 with time navigation

This allows the user to expand the time range one week before and one week after where 

they are currently viewing.  Although having a way for users to easily expand the time 

range can be useful, it is limiting in the fact that the user must then readjust their 

perception of the graph. Using this approach also forces the user to use mental math in 
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order to compute what dates this corresponds to before clicking the button, which creates 

more unnecessary cognitive load on the user. [24]

The user must continually select a date range in which to view (using a 

cumbersome interface), and then re-submit the page. Another frustration is that if there are 

no data present for that user during the requested time period, the site will simply show an 

orange screen, with no other information other than an error loading the chart. This is not 

an effective use of feedback, which further adds to user frustration.  [23]

In Version 2, navigating through time become controlled by both a range selector 

and a date selector.  This interactive bar at the bottom of the graphical display allows a 

preview of data outside the users’ current selected range to be viewed.  They can also 

move the range selector side to side, and interact with the window size by dragging either 

side of the range window with their cursor. [29]

Figure 4.6 Image depicting range selector bar on bottom of page.

This method of changing dates gives users flexibility, but it also has a faster 

performance.  Since more data are loaded to the window at once, users only have to 
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resubmit and make database queries when they are looking for a different user or a date 

outside of the bottom range.  This lessens the frequency of expensive database calls, 

which results in a faster overall experience.

4.1.3 Page Structure

Version 1 had each feature on a separate graph and listed them down the page.  

This resulted in scrolling from the user to locate a particular graph.  Searching for Features 

this way puts extra cognitive load and work on the user, before they have even located the 

information they are investigating. It is important to note that with this data, it may be 

important to view more than one feature at a time and compare patterns of the resident 

between graphs.  However, with this configuration, users would have to either have 

multiple browser windows open at once, which may reduce the size of the graph and make 

it difficult to view, or scroll up and down on the page in order to look at both, which may 

result in missing important details in comparison, and can be very cumbersome on the 

user.  

In Version 2 of the interface, users can view up to 4 different different graphs in 

one screen, which are stacked on top of one another. These graphs dynamically change 

their height depending on the number of  features selected in order to fit the window size.  

This helps clinicians to view all their data at once and helps them compare features easily.

[29]
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4.1.4 Outdated Library Dependencies

One major issue which played a big part in the decision to create Version 2 was the 

fact that Version 1 used an outdated technology to create its graphs.  Shockwave Flash and 

Actionscript are not seen on many new applications on the web since mobile devices and 

tablets have become mainstream.  This is because Flash is not supported on mobile web 

browsers.  In addition, Flash does not work quite the same across all browsers, which 

becomes a problem because there is a wide range of browsers being used today.  

As a solution to this issue, Version 2 uses HTML5 and Javascript libraries to take 

care of the charting interactive functions.  Graphical displays are drawn using jQuery and 

Flot.js, which uses JSON data objects as parameters.  With these tools, interactive displays 

can be built and manipulated much easier than the outdated XML charting library 

previously used.  Creating the graphs this way is more lightweight, and can be used across 

all modern browsers.

4.2 Version 2 Functionality Additions

In addition to offering solutions to a number of problems which were presented in 

Version 1 of the interface, Version 2 also provided new functionality which did more than 

just remove some of the limitations of Version 1.  Especially with the addition of the 

hydraulic bed sensor, gait information, and a larger number of sensors being added, more 

ways of viewing the data  needed to be explored and additions were needed to Version 1 

either way.  
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4.2.1 Visibility 

 One major addition to the functionality of  Version 2 of the interface is a focus on  

incorporating the visibility principle.  For an interface design to adhere to the visibility 

principle, all the needed options and materials for a given task should be visible without 

distracting the user with redundant or extraneous information.   Version 2 succeeds at this 

by using “dynamic options”. The chart’s options will change based on the resident 

selected and what sensors they have.  For instance, if a resident has no hydraulic bed 

sensor, but had motion sensors, users will not see the “Pulse”, “Breathing”, or 

“Restlessness” buttons on the panel, because this information is not available for that 

resident.  By getting rid of buttons we know will   return null or no data, we can relieve 

user frustration. 

Figure 4.7 Version 2 with only Motion and Restlessness features selected
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Figure 4.8 Version 2 with Motion, Pulse, and Restlessness Selected

In addition to added visibility by removing extraneous buttons for residents without a full 

set of sensors, panels are added and removed from the control panel depending on what is 

selected.  For example, in Figure 4.8 we see the “Pulse Algorithm” and “Min & Max” 

panels have appeared.  This is because the “Pulse” button is selected on the feature panel.  

It is only pertinent to show this panel when we are viewing pulse. So this will disappear 

again if “Pulse” is deselected.

4.2.2 Use of Defaults

Using defaults is a way of anticipating what a user is most likely wanting to view.  

In the case of the Eldertech interface, it is often viewed by researchers who have received 

a health alert email link.  By using the information from this link to pre-populate features, 

resident IDs, and time periods, we can effectively deliver information to the user without 

forcing them to populate fields themselves.  Version 2 also uses defaults when users are 

not coming from an alert, and are typing the interfaces URL into their browser.  The 

default that is shown for Version 2 is a two week period leading up to the current date, 
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showing an aggregate graph of motion density.  This way, researchers are presented with a 

recent overview of residents activity levels.

The use of defaults can be considered an application of the Simplicity principle.  

Since users are given information before asking for it, it reduces the number of user input 

required, and makes the most likely actions available to them and the easiest to access.

4.2.3 Multi-Device Friendly

An anticipated evolution of the interface is to implement the ability to access chart 

data on mobile devices and tablets.  With the use of HTML and JavaScript based libraries, 

this is possible. There are two main reasons why it is important to implement this multi-

device friendly interface.  First, researchers are using smaller, lighter devices, including 

tablets, as a means to connect to the internet while they are on the move.  Making the 

interface device-accessible allows research to happen in a convenient way for these users.  

Another reason is that with touch sensitive devices, it may be easier for some users to 

access data, as accessing the interface with a mouse or keyboard may cause more strain on 

users who have limited mobility.

With tablets and mobile devices having capability to display graphs, we then come 

to the issue of displaying an appropriate size and amount of data for that particular 

window size and orientation.  The process of creating a web page which will function and 

look proper across all window sizes is Responsive Design.  Responsive design uses CSS3 

media queries and sometimes JavaScript to detect the dimensions of the device or screen 

and set styling constraints which make the most sense for that screen size.

37



4.2.4 Experimentally Determining Visualization of Restlessness Data

          With the addition of the hydraulic bed sensor, a way of  collecting Restlessness 

data presented itself.  Restlessness is calculated by looking at the signal being generated 

by the bed sensor transducers and is reported as a time interval.  For instance, for a 15 

second period, a value of “3” means that during those 15 seconds, 3 of them were seen as 

being “restless”.  This information becomes more meaningful when paired with time-in-

bed measurement.  Time-in-bed is measured by determining whether someone is on or off 

of their bed.  With the combination, we can tell what percentage of the time in bed is 

restless. Figure 4.9 gives an example of the restlessness data paired with time in bed.  The 

blue is generated by the restless time in bed, whereas the gray is made up from unrest-less 

data.  

Figure 4.9 Restlessness graph which shows hours of restless vs unrest-less time in bed.

Viewing restlessness in this way seems to make sense to the user more than just a 

number of seconds restless.  Restlessness is shown as a percentage of time.  These 

percentages are also shown in an hour by hour display, which may give information 

regarding what part of the night a resident is becoming the most restless.

4.2.5 Viewing Ballistocardiogram Signals 

The hydraulic bed sensor adds more than just accurate signals.  It also allows 

researchers to view the ballistocardiogram signal coming in from the sensor by hovering 

over a data point.  Hovering over a point will create a pop-up hover-over element which is 
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populated with a graph will show the user a 15 second snip picture of the signal which will 

show heart beats.  This may be important information moving forward to further analyze 

health alerts related to changes in heart rate, especially in residents who may have 

preexisting heart conditions.

4.2.6 Expansion of Density Maps

        As part of the Eldertech team's earlier work, [25] density maps were proposed as a 

visualization and summary of motion density and out of home activity patterns.  These 

have been shown to be used clinically. [7] With the addition of hydraulic bed sensor, we 

are able to create similar Density maps which show color-coded levels of restlessness 

along with time-in-bed information.  This way data collected over long periods of time 

may show gradual changes in a Resident's sleep patterns in this way.

Figure 4.10 Density Map showing Motion, Bathroom visit, and Partial Bed Restlessness

4.2.7 Integrated Interface 

In addition to changes and improvements in usability of the sensor data display 

interface, Version 2 is a much larger system, because it incorporates other types of 
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interfaces which the Eldertech team uses.  This includes the sensor data displays, motion 

density maps, gait information, and video rewind.  

This posed some major challenges because of the different structures, frameworks, 

libraries, and design schemes used by different interfaces.  Each of these parts was 

designed and implemented by different developers separately. After the initial 

development, it was decided an integrated interface would be much more beneficial to the 

users than having several separate interfaces.  At this point, there had to agreement from 

developers on unifying techniques for storing and passing parameters, and a universal 

header was created so that Resident ID, and time frame start and end dates could be saved 

and passed between pages.
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Chapter 5: Discussion

During the iterative process of redesigning the interface, many improvements were 

made in usability and functionality through careful design.  Visualization of new 

measures, additional options, user control,  new layouts, and an integrated design will 

allow researchers to view and analyze more data in a concise way.

By applying regular walkthroughs and weekly comments, complaints, and 

observations from users, development has been able to stay in touch with the users on 

issues as they are coming up, instead of after the product is released.  This has given the 

Eldertech interface an advantage when it comes to design and development.

Moving forward, applying heuristic evaluation on web pages and particular tasks 

may lead to more improvement.  It is important that usability is continually tested and 

improved upon as new information and ideas become apparent. With such a large 

integrated interface with many operations, there will likely be learning curves when 

training new users.  This may be especially true for certain visualizations such as the 

restlessness and density charts, which many are not used to seeing.  

The hope is that the Eldertech interface continues to grow, change, adapt and 

improve as the sensors become more sophisticated, research motivation and users change.
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