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ABSTRACT 
 
Several attempts have been made at creating mobile solutions for patients with mental disorders. A preemptive 
approach would definitely outdo a reactive one. This project seeks to ensure better crisis detection, by assigning 
patients (veterans) to caregivers (mentors). This is called the mentor-mentee approach. Enhanced with the use of 
mobile technology, veterans can stay connected in their daily lives to mentors, who have gone through the same 
traumatic experiences and have overcome them. A mobile application for communication between veterans and 
their mentors has been developed, which helps mentors get constant feedback from their mentees about their 
state of well-being. However, being able to make good deductions from the data given as feedback is of great 
importance. Under-representing or over-representing the data could be dangerously misleading. This paper 
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presents the design process in this project and the key things to note when designing a data visualization for 
timely crisis detection and decision-making. 
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INTRODUCTION 

The process of moving from the days of active military service into living within the community of civilians 
could be very challenging for members of the military. It has been found out to be a major change in the life of 
veterans, since it affects almost every aspect of their lives (Elnitsky et al., 2017). Their lifestyle, attitude, 
responsibilities have to change or be suitable for these areas of their lives, to avoid chaos, crisis or unpalatable 
situations. This shows how important re-integration is, as this can negatively impact various aspects of the 
veteran's life, such as the mental state of the veteran, leading to psychological issues and distress. 
It has therefore been seen and recognized that there is the strong need to prepare veterans for reintegration as 
much, if not more, as they are prepared for deployment to war (Rizia, 2016). 

Simple solutions sometimes are not adequate enough to solve crisis situations, due to the interconnected and 
interwoven nature of these crisis situations. There are certain similarities between dissimilar events such as 
natural disasters and mental health crises suffered by individuals. These similarities include: vulnerabilities 
created beforehand, warning signs that appear early enough, before the occurrence of the crisis or disaster, and a 
crisis event occurring beyond the critical point; for which efforts and resources must be employed in order to 
remedy any harm done and to bring things back to normalcy. Predicting true crisis events, using human or 
computational techniques have been quite difficult and not getting accurate predictions can lead to serious 
problems (Franco et al., 2016).  

Dryhootch (DH), a veteran-led community organization in Milwaukee has successfully implemented a veteran 
peer-mentor support program for helping veterans reintegrate into the society, which has been shown to be 
effective (Rizia et al., 2014). A technological approach has also been put in place and is still currently being 
worked upon. The approach makes use of  an online support system for the DH veterans, which has already 
been built and is in use. Also, a mobile technology-mediated peer-mentor support system called the Quick 
Reaction Force (QRF) application, which was carefully designed considering quite a number of factors, has 
been built and is now being deployed for use (Rizia et al., 2015). Since detecting possible crisis events before 
they occur is of utmost importance here, the task of being able to visually present, in the best possible way, any 
data collected from veterans to their peer mentors must be solved. A solution to the stated problem would allow 
for better predictions and detections of possible crises. Presented here is a design solution for the representation 
of data, on the state of well-being of veterans, giving a visually-aided clinical decision support system. 

The Use of Mobile Technology in Behavioral Medicine 

Mobile technology use in healthcare has seen significant growth and has been proven to be a very good choice 
in the development of healthcare solutions. Free et al.(2013) conducted a review to assess the effectiveness of 
mobile technology solutions provided to healthcare consumers.   Healthcare providers need to effectively 
encourage their patients to make healthy lifestyle choices, which can help combat their diseases. Traditional 
face-to-face consultations are limited, but mobile technologies such as mobile phones help to achieve the desired 
effectiveness in the delivery of health messages for behavioural situations.  

It was demonstrated that mobile interventions through text-messaging increased adherence to the therapy 
administered, albeit applied to a niche of smokers (Free et al., 2013) and adolescents with chronic health 
conditions (Badawy et al., 2017).  Also, Santosh et al. (2009) conducted a similar review, geared towards 
evaluating the role of cell phones and text messaging interventions in improving health outcomes and processes 
of care for health conditions such as diabetes. Their findings concluded that enhancing standard care with 
reminders, disease monitoring and management, and education through cell phone, voice, and short message 
service could help improve health outcomes and care processes. 
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Informatics Approaches to Clinical Decision Support 
 
Clinical decision support systems (CDSSs) help caregivers make appropriate clinical decisions. CDSSs have 
been adopted by both professional and paraprofessional caregivers. A review was done on how well CDSSs 
affect physicians' performance. The use of CDSSs, by medical professional caregivers, to recommend proper 
medicine doses, diagnose chest pain or send notifications for immunizations were examined and the findings 
showed that given the use of CDSSs, physician performance can be improved  (Johnston et al., 1994). CDSSs 
have been proposed as the solution to overcoming the significant barriers, which exist and are hindering the 
effective and efficient application of genetics at the point of care. Incorporating CDSSs is seen as a practicable 
solution to help clinicians manage the complexities of genetics at the point of care (Welch and Kawamoto, 
2013). In different countries, paraprofessionals like skilled nurses use clinical decision support software for 
tele-health (Russell et al., 2017).  
 
Various studies show that visualization tools positively impact clinical decision support and increase 
practitioners’ performance. Visualization tools assist in clinical decisions in infection management 
(Garcia-Caballero et al., 2015). In another study related to child health improvement, with the use of an 
electronic medical record platform, utilizing 170 unique variables representing unique clinical observations, in 
300 medical logic modules, the use of visualization tools allowed for more effective interaction of different 
teams (Liu et al., 2015).  Mane et al. (2011) mentioned how the use of visual analytics can play a significant 
role in making clinical evaluations and understanding the effectiveness and risk of different therapeutic options 
for different subpopulations of patients.  It is believed in Mohr et al. (2013) that data visualization approaches 
are necessary for making effective clinical decisions via mobile technologies in mental health, rather than the 
use of mobile technologies without data visualization.  It is believed that data visualization approaches are 
necessary for making effective clinical decisions via mobile technologies in mental health. In this paper, we 
address this issue with respect to veterans’ mental health and paraprofessional decision-making for early crisis 
detection.  
 
 
Essentializing Early Warning and Crisis Information for Paraprofessional Caregivers 
 
Assessments of change, dynamics, and cause-and-effect are at the heart of thinking and explanation. To 
understand is to know what cause provokes what effect, by what means and at what rate. Representation of such 
knowledge is also vital. A carefully thought-up design strategy must be in place to ensure the proper 
arrangement in space and time of images, words and numbers. Tufte (1997, p.9) suggests that clarity and 
excellence in thinking is a parallel to clarity and excellence in the display of data.  
 
In any data representation and visualization endeavour, the principles that inform the design for the 
representation of the data involved are very important. Questions such as, "What principles should inform the 
designs for showing the data?", "Where do the principles come from?", "How can the integrity of quantitative 
descriptions be maintained?” and "What are the standards for evaluating visual evidence, used for making 
decisions?", need to be asked (Tufte, 1997). Caroll et al. (2014) conducted a systematic review focused on the 
landscape of infectious disease visualization tools for public health professionals. This would clearly impact the 
decision to be made based by them, given the varying choices of data visualization tools. Their objectives 
included identifying public health user needs and preferences for infectious disease information visualization 
tools. The first visualization used in the study was a dot map to represent each incidence; the second 
visualization used a choropleth map to represent data on an individual level. The map showed the incidence rate 
per 100,000 persons and this further showed differences. Graded colours were used to indicate the values of 
some aggregate measure in specified areas, that is, telling the disease incidence rate based on the colour 
intensity. A darker colour was an indication of a higher rate of incidence. Also, individual or aggregate level 
data could be used to derive a spatial risk gradient. The possibility of using an individual or aggregate level data 
to statistically derive a spatial risk gradient was also demonstrated (Carroll et al., 2014).  These three 
visualization techniques made use of the same data, but different approaches to visualizing the data, at hand. The 
third showed the information in a much more condensed and useful manner, with a risk gradient depicted, 
making it much more helpful, as compared to the second, which showed the concentration of the incidences 
only and the first which merely showed each individual occurrence, without a good decision support framework. 
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Prior Work 
 
This work builds upon and is an enhancement to an existing work. The team has an ongoing work, namely the 
Quick Reaction Force (QRF) mobile application, which has been centered around the design and 
implementation of a mobile solution, which harnesses a peer-mentor model for monitoring, communicating and 
mentoring younger veterans by older ones (Rizia et al., 2015). Over time, there have always been attempts to 
build an improved solution to the existing mobile application and this explains one such improvement made. All 
efforts or work described here have received Institutional Review Board (IRB) approval for human subjects 
research. 
 
Veteran Community Engagement for Research 
 
This work is driven from a Community Based Participatory Research (CBPR) perspective, Dryhootch leaders 
and faculty from the Milwaukee Veteran Affairs (VA) Medical Center and the Medical College of Wisconsin. 
We have partnered with Dryhootch of America, a non-profit veteran-led, veteran-serving community 
organization headquartered in Milwaukee, Wisconsin for about 5 years to develop a smartphone app to support 
veteran-to-veteran mental health intervention. Descriptions of this community-academic partnership, the 
Dryhootch Partnership for Veteran Health, its formation, and lessons learnt are detailed elsewhere (Franco, 
Logan et al. 2016). One common area of interest within the partnership was improving outreach to younger 
veterans returning from Operation Enduring Freedom (Afghanistan) and Operation Iraqi Freedom (often 
referred to as “OEF/OIF veterans”) using technology. OEF/OIF veterans have different expectations about 
connecting with systems of care often preferring technology-mediated contact as compared to veterans from 
prior US military service eras (Franco et al., 2018).  
 
METHOD 
 
The QRF system is one that requires that veterans' data, collected in form of feedback, be appropriately 
represented, due to the reason that an early detection of crisis warning signals is paramount to the success of the 
peer mentorship program. This can only be achieved if the information is presented to the mentors in the 
appropriate way. With the right data representation, a mentor can easily detect, with the visual cues, what the 
state of the veteran is and can notice early any signs that may indicate a potential crisis. 

This work makes use of a collaborative design approach, by engaging the stakeholders in the design of a key 
part of the mentor view of the mobile application, which involves giving a mentor the necessary information 
needed to make a decision on the state of his mentee. Throughout the design of the application, there were 
inputs from the veterans as to what would be good to have, with the more important and essential ones taking 
top priority. For this aspect, however, a broader coverage of veteran mentors were involved in deciding the 
appropriate parameters to be used. This obviously made the design path clearer and strengthened the 
acceptability of the application to its users. From the veteran view of the application, the veterans are presented 
weekly surveys, which they fill. The survey consists of five questions, which are centered around their current 
state of physical and mental health and can be taken at any time in a day. Some of the questions asked are:  

a. Have you engaged in any risky behavior (as you define it) this week? 
b. Has your health changed this week? 

All questions have only three options: Yes (a score of 3), Maybe (a score of 2) and No (a score of 1).  This was 
made simple due to the veterans' preference that options be simpler than a typical 5-point research study scale. 
With these, the scores are assigned based on the responses for each question and an aggregate of these is the 
final score of the veteran. 
 
For instance, if the responses to the questions included 3 "Yes" responses, 1 "No" and 1 "Maybe", the total score 
for the veteran would be 12 out of 15. Every time that the veteran takes the survey, this score is calculated.  
In essence, if a veteran had better responses throughout the survey, he garnered a score of 15; if worse responses 
were given, he got a score of 5 and if mixed responses, he got a cumulative score based on the response scores. 
If the veteran missed the survey, a score of zero was given to represent that the survey was missed. 
These scores are reported to their mentors, by virtue of a graph representation. Since the scores are indicative of 
whether the veteran is performing well and is in a good state, there is the need to adequately show the state of a 
veteran over a period of time. The chosen period to be displayed to the mentor was the last seven (7) days from 
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the current day. That is, for every day, over the last seven days, the state of the veteran is shown, with visual 
aesthetics that can adequately portray the needed information to the mentor. 
There were a number of different approaches tried, in a bid to get a visualization that best explains the state of 
the veteran. In all of these approaches, certain things were observed, learned, and adjusted upon for a better 
visualization. These approaches are discussed here and the key points to note from each trial approach and its 
outcomes are stated, as well. After utilizing different approaches, the approach that was finally adopted and 
taken was one that involved the input of the mentor veterans. With reference to the earlier design specification, 
Rizia (2016, p.54) states the tasks that need to be performed by a mentor, once the dashboard showing his 
assigned veterans is displayed. The tasks include: 

a. Detecting early warning signs of crisis. 
b. Determining if there is an immediate need to reach out to particular veterans who are in an acute 

mental health situation. 
c. Make a decision about how to best use limited resources. 

 
The initial design approach, prior to this, involved creating three different levels of mock screens for the mentee 
panel User Interface (UI). This was moved from a UI with maximum information availability (one having a 
trend indicator icon and a monochromatic graphical display) towards a UI that was fully essentialized (one 
without a trend indicator icon and a coloured graphical display) with minimal elements. The UI levels were 
defined by the researchers and the UI in the latest application version was taken as a reference and improved 
upon. For three of the UI levels, only the UI representation changed. All other information such as survey scores 
and veteran information were the same (Rizia, 2016). 
 
The icons were a thumb-down, a thumb-up or a neutral sign. A thumb-up indicated an improvement from the 
past response, a thumb-down indicated a declination from the past response and a neutral sign represented no 
change or very little change.  A graph was also displayed for each veteran and the graph values were the scores 
of the veteran, based on the responses to the weekly surveys, filled over the past twelve weeks in a prior 
completed survey (Rizia, 2016). 

 
 

 

(a) (b) 
Figure 1. (a) Mock Screen for Maximum Information UI;  (b) Fully Essentialized Mentee Panel UI 

 
This approach made use of community-based feedback, by seeking responses from the veterans, specifically 
about which UI level best appealed to them. The conclusion was to implement a fully essentialized UI.  
 
Also, prior to the implementation of a mobile application, a twelve-week survey was conducted, which involved 
recruiting veterans for a study over the stated period. The aim of the study was to assess the effectiveness and 
impact of a 12-week veteran peer mentorship program on the wellbeing of the veterans. This was done by 
assessing the veterans' PCL-5 scores at the entry into the program, mid-point and at the discharge from the 
program. The veterans were asked the questions stated above on a weekly basis and their responses were 
analyzed afterwards. The next figure shows the result of statistical analyses carried out to determine the Post 
Traumatic Stress Disorder Checklist (PCL-5) score of each veteran, who participated in the survey, over the 
12-week period. This kind of information on the veterans is what needs to be meaningfully visualized to the 
mentors, with the use of a mobile application, for early crisis detection and decision-making. The bars 
representing each of the twelve weeks are coloured red for a worse state; yellow for the same state showing no 
difference in state as compared to the previous week; green for a better state or white for a missed survey. For 
the analysis shown below, 272 veterans' data was considered, with 129 of them having a PCL-5 score less than 
33 and 143 having a score of 33 or more at entry into the program.  The majority of participants in the survey 
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were younger veterans, who served during the Operation Enduring Freedom (OEF) and Operation Iraqi 
Freedom (OIF) era. 
Veteran Mentor Experience 
 
It’s imperative to understand the experience of the Veteran mentor. Their experience highlights the effectiveness 
of the design and also emphasizes the opportunities for future features. We know that Veteran mentors have the 
most contact with veteran mentees in comparison to psychologists or psychiatrists, or other professional 
healthcare providers. The veteran mentor forms a close relationship with their mentee, which fosters trust 
allowing for mentees to feel comfortable disclosing critical information to their peer mentor. This allows the 
veteran mentor to gain greater insight to the daily life, warning signs and high risk environments that are 
specific to their mentee.  
 
Veteran mentors have shared that these insights help them to guide their mentee toward the mentee's own view 
of what well being means to them, which can be useful when the veteran is interpreting the data on the mobile 
application. However veteran mentors sometimes struggle with memory and attention. Any recall bias can be 
combated by the overview of the weekly trend line displayed in the application, which is an accurate 
representation of the mentee's status. 
 
Veteran Mentors’ Implicit Theories of Early Warning Signs and Crisis Events 
 
In determining what constitutes an early warning sign or a precursor to a crisis event occurring with a veteran, 
an intuitive decision-making approach is taken. This approach involves checking the survey responses from the 
veteran for the presence of two worse responses in one week. This can serve as a symptom or an early warning 
sign of a crisis. Also, three or more worse symptoms in one week or more than two worse symptoms over two 
consecutive weeks could be considered as acute crisis. Unchanged PTSD symptoms or becoming worse at the 
twelve-week discharge could be considered a long-term crisis.This information would need to be represented to 
each mentor on a daily basis, for quick and effective decision-making. In Figure 2, the result of statistical 
analysis necessary to make these intuitive decisions were shown for both veterans who were initially identified 
as having PTSD and those who were not.  
  
 

 
 

Figure 2. Representation of statistical findings from the 12-week survey data 
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Presented below is a figure showing the resulting visualizations for all approaches detailed here. 
 

(a) (b) (c) 
 

Figure 3. (a) Plotting Raw Scores;  (b) Plotting an Abstraction of Scores;   (c) Community-based Involvement 
 
Plotting Raw Scores 
 
The first approach was to plot the exact raw scores of the veteran against each day of the week to be shown on 
the sparkline. This showed the detail of the scores for each day, which seemed good and exact, but the graph 
plotted was quite rough, as the different scores shown, were without any other visual cue. All of the background 
lines of the graph were shown and this made it visually cumbersome. Also, the axes were labelled and 
considering the limitation of space in a mobile device, there needed to be more work done on the visualization to 
make it better fit for the representation intended. From Figure 3(a) above, the scores are plotted with no clear 
distinction as to what state the veteran might be in. The generic light-blue colour says nothing more and is 
simply a graphical decoration.  Also, the presence of lines in the graph make it cluttered. That said, the veteran 
mentor would not be able to deduce vital concrete information, in good time in order to make the necessary 
intervention. 
 
Plotting an Abstraction of Scores 
 
Considering the inadequacies of the first visualization, a mock-up was designed for the visualization, with 
different options for the look of the sparkline.  An option that eliminated the noise caused by lines and numbers 
was chosen. Also, there was the addition of visual cues, such as colours to represent each state of the veteran, as 
opposed to a general colour, which gave no additional information about the data being displayed. The colours 
green, yellow and red were used to denote good, fair and bad states, respectively. For empty points, a green 
circle with an empty hole within it was used. This approach involves plotting the raw scores of the veteran for 
each day with colours to give an impression of the state of the veteran. This was good but there were still subtle 
issues with it. As stated earlier, the initial approach showed the raw score with a general colour, to indicate the 
state of the veteran. However, this was not so helpful because of the lack of distinction between the colours. 
Also, the raw scores allowed for subjective interpretation.  This was deemed a design flaw, as the technology 
and system should be designed to present the mentor with accurate and most vital information. What was done 
next was to abstract the scores data to the different levels: good, same, and bad. So, rather than have scores 1-15 
being returned when the scores are fetched, a score of  0, 1, 2 or 3 was returned. The abstraction was done such 
that 0 was used to represent missing data, 1 was to represent a poor state, 2 to represent same state and 3 for a 
better state. Table 1 shows the categories and their colour representation. 
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SCORE ABSTRACTION COLOUR 

Missing data 0 Green outline with empty circle 

5-7.5 1 Red circle fully-filled. 

7.5-12.5 2 Yellow circle fully-filled. 

12.5-15 3 Green circle fully-filled. 
 

Table 1.  Table of Scores Abstraction  

With this, only four possible values were returned and these were used for the sparkline. This approach was 
good for the following reasons: 

1. The scores were more succinctly represented by state values and so, not all the scores, which might be 
too much information, were presented to the mentor. 

2. The introduction of colours for the different abstractions changed the generic light-blue colour initially 
used, giving a more specific representation.  

After these different options were chosen, another look was presented, as seen in Figure 3(b). Initially, a green 
outline and empty circle was used to indicate a missed survey. After careful consideration, the initial green 
outline with an empty circle was seen as misleading, as it was concluded that mentors might think, based on 
intuition that the veteran was doing well, without actually realizing that the survey was missed. This was due to 
the use of the green colour in the outline, which is more closely associated with a stable state of rest, growth and 
flourishing (Grant, 1879), with no perceived sense of danger or urgency, as opposed to the intent here. A missed 
survey might constitute a warning signal. However a veteran stated, during the deliberation,  that if he were 
viewing the sparkline in a hurry, it might be easy to overlook the empty circle and assume a good state. Since 
the intent was to communicate to the mentor that the veteran missed the survey for the day, a green coloured 
outline was inappropriate for the intent because this could lead to a misinterpretation of the data. After 
deliberation, it was decided that the colour needed to be changed and replaced with one depicting a sense of 
urgency or possibly immediate danger. Obviously, the colour "red" would be a good fit for the situation.  

Also, noted in the visualization arrived at after the second approach, the same state of the veteran, being 
represented by the yellow colour was seen to be quite inappropriate for the following reasons: 

1. The yellow colour was too light, quite inconspicuous on the device and could be easily overlooked in 
an environment of high light intensity. Moreso, visually-impaired mentors could dismiss it.  

2. The colour, though known to represent a warning sign (as in the case of traffic lights and other alerting 
systems), was still not seen as the best fit for the "same" state representation. 

It was therefore arrived at that both the green outline for denoting missed surveys and the yellow colour for 
denoting "same" state had to be changed to colours more appropriate for communicating the intended state. With 
this, a third approach was decided upon. This approach was a community-based approach in getting a more 
appropriate visualization, based on the opinion of the community of veteran mentors. 

 
Community-based Involvement 

This last approach built upon the second approach, modifying the visual cues, based on a survey carried out that 
engaged the veteran mentors, who would be using the mobile application. The colour representation for a missed 
survey was changed to a red outline with an empty circle, instead of the previous possibly misleading green 
outline with an empty circle. Also, the colour for the same state was changed to blue, based on the veteran 
community input. 
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SCORE ABSTRACTION COLOUR 

Missing data 0 Red outline with empty circle 

5-7.5 1 Red circle fully-filled. 

7.5-12.5 2 Blue circle fully-filled. 

12.5-15 3 Green circle fully-filled. 
 

Table 2.  Table of Modified Scores Abstraction  

 

The survey contained questions about which colour was preferable for a neutral state. Choices presented 
included yellow and blue. More responses were in favour of the blue colour, which was originally suggested by 
the expert anthropologist on the team. Also, the respondents (mentors) were presented with choices of shades of 
the blue and yellow colours preferable for the state. In addition, the respondents were presented with choices of 
shades of red and asked their preferences for the representation of the bad and missing states.  

In general, the responses tended towards the use of the darker shades of colours and these were applied to the 
application. The resulting sparkline is presented in Figure 3(c). This was the finally agreed-upon visualization 
for the veteran data on the mentor view of the application. The focus was on designing and implementing an 
appropriate visualization for data regarding veteran health, which may be generalized to clinical decision 
systems. This was in line with a design effect mentioned in Febretti et al. (2014), which states how mutual 
reinforcement of grouped CDSS features can affect a caregiver’s acceptance of care suggestions. Also stated is 
the positive effect of increasing the number of caregivers, if the designed interface steers users towards relevant 
features.  

From the presentation, it is seen that the mentors can take decisions, without being burdened by information 
overload. They also do not have to make many assumptions or fill in many gaps for lack of information. The 
colors used were widely known colors that depict a particular information or emotion and these served as an 
enhancement to make decision-making easier and faster, as based on intuition, the mentors know the meaning of 
those colours.  

 
CONCLUSION 
 
The design of any clinical decision support system must be well thought-out and implemented. The employment 
of informatics approaches in building solid clinical decision support systems makes it much more effective and 
if well-designed provides a much greater impact on care administration efficiency, decision-making for crisis 
situations and patient results in terms of response to care administered and health status.  
In the design of any system, relying upon the visualization of data for decision-making, the visualization tool 
used to represent a particular set of data may make or mar the progress of the decision system. As Tufte (1997) 
has stated, the key questions on the principles for the design have to be asked and answered, before an 
appropriate visualization tool or technique is used. It is therefore imperative to understand the data, the persons 
from whom the data are collected, the cause and effect relationship in the data and to provide the right tool for 
the data representation. 
  
The work presented here, which is a portion of an on-going project with different phases of achievement, shows 
the importance of data visualization for decision making in crisis situations. We presented the path taken and 
noted key design elements involved in creating a data visualization component for timely crisis detection and 
decision-making.  With reference to the design of the mobile application stated, several factors were considered: 
the combat-dressed figure in the welcome screen, the application menu bar army-green colour, the title of the 
application and other application components were selected to portray a military style. The words used in the 

WiPe Paper – Community Engagement & Healthcare Systems 
Proceedings of the 16th ISCRAM Conference – València, Spain May 2019 

Zeno Franco, José J. González and José H. Canós, eds. 1085



George et al.  Visualizing Early Warning Signs of Behavioral Crisis in Military Veterans 

application were also purposefully selected in order to appeal to the army veterans and to make the system more 
welcoming to use. All of these choices took into consideration the trust issues the patients had with power 
authorities and persons of higher hierarchies. The system was designed outside of any elements that could 
conflict with the patients' perceived sense of security and trust and that could deter their effective use of the 
system. All these in addition to the subtle, but necessary details in the visualization of the patients' data had to be 
attended to and these would be further carried on in phases to come.  
In future phases, enhancements to the application such as intervention tracking could be incorporated. With this 
enhancement, any interventions made by the paraprofessional caregiver could be tracked from the system. Then, 
the effect of the intervention could be measured over time, by observing how the patient's health state varies, 
based on the health scores after the intervention. Further modifications to the visual presentation might also be 
necessary for quick conveyance of vital information about the patient. 
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