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ABSTRACT

Chronic low back pain is the second most prevalent chronic condition in Canadian primary care
settings. The treatment and diagnosis of chronic pain is challenging for primary care clinicians.
Their main challenges are lack of knowledge and their approach toward assessing and treating

pain. Evidence based guidelines have been developed for neuropathic pain and low back pain.

CDSSs for chronic diseases are becoming popular in primary care settings as a mean to
implement CPGs. A CDSS prototype for diagnosis and treatment of chronic, non-cancer pain in
primary care was developed at McMaster University. It is evident that poor usability can hinder

the uptake of health information technologies.

The objective of this study was to test the usability of Pain Assistant using think aloud protocols
with SUS scores in 2 iterations. In this study 13 primary care providers including family
physicians, nurse practitioners and residents used Pain Assistant to complete 3 different patient
case scenarios. Participants were asked to comment on both barriers and facilitators of usability
of Pain Assistant. Additionally time to complete patient case scenarios was calculated for each
participant. A comparison questionnaire gathered user preference between introducing CPGs in

paper format and computerized decision support system.

This study showed that iterative usability testing of the Pain Assistant with participation of real-
end users has the potential to uncover usability issues of the Pain Assistant. Problems of user
interface were the main usability barrier in first testing iteration following by problems of
content. Changes were made to system design for second round based on the issues came up in
the first iteration. However, because of time constrains not all the changes were implemented for

second round of testing. Most of the refinements were to resolve user interface issues. In the
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second iteration, the problems with the content of Pain Assistant were the major barrier. The
changes to the system design were successful in resolving user interface problems since the
changed issues did not come up again in second round. Pain Assistant had an above the average
usability score however no significant changes seen in SUS score. The time needed to complete
tasks remained identical in both iterations. In addition, participants preferred to have CPGs in
electronic formats than paper. Further study after implementing all the system changes needed to

determine the effectiveness of system refinements.
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1 Introduction

Chronic low back pain (CLBP) is the second most frequent chronic condition in primary
care settings.(1;2) Available statistics indicate that approximately 95% of Canadians
experienced acute low back pain at least once in their lifetime. Generally, 10% to 40%
acute low back pain cases will develop into CLBP.(1;3) Several sequelae have been
attributed to chronic pain including lost jobs, drop in productivity, decreased quantity and
quality of sleep, eating disorders, impaired mood, mental health problems and even
suicide.(4;5) Apart from health effects, CLBP also places a major strain on the economy;
although statistics specific to CLBP are not available, it has been estimated that, in
Canada, chronic pain results in per capita expenditure of $14,700, and 6 billion dollars
annually in direct health costs, a figure projected to be at least 10 billion annually by

2025.(5;6)

In Canada, Primary Care Practitioners (PCPs) are the first point of contact with the health
system for persons affected by CLBP.(5;7;8) It is estimated that on an average, PCPs see
37 CLBP cases every month. PCPs act as gatekeepers performing the important function
of regulating referrals to specialists.(9) This is very important because recent data
indicates that the wait time to see a pain specialist in Canada averages 6 months, even
extending to 18 months in many cases.(3;10) Therefore the importance of PCPs being
able to manage a significant volume of CLBP pain patients by themselves, reserving

referrals to specialists for the more complex cases cannot be over emphasized.(8;11)
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Management of CLBP is challenging for PCPs as the approach to the management and
workout of chronic pain by family physicians and other PCPs is inconsistent.(11) Results
of a survey pointed out little consensus among physicians regarding effective treatment
approaches for management of chronic pain.(9) Failure to recognize the cause of pain and
lack of clinical knowledge in pain diagnosis and treatment are amongst the main barriers
in management of chronic pain in primary care settings.(1;9;11) Additionally, recurrent
visits to multiple health care providers, monitoring of the CLBP and changing the
behavior of the patient are other barriers in management of CLBP.(5;9;12) Evidence
based guidelines for diagnosis and treatment of chronic pain are available.(13-15)
However, integrating the clinical guidelines into the routine clinical practice remains a

challenge.(16)

Clinical decision support systems (CDSSs) are applications that provide clinicians with
patient specific clinical recommendations bringing together data from patient charts and
data elements from clinical practice guidelines (CPGs).(16;17) It is reported that CDSSs
can potentially be effective tools to implement CPGs with the potential to improve the
care process of diagnosis and treatment of chronic disease.(17;18) Most of the CDSSs
available today for ongoing care are focused on chronic conditions, especially diabetes
and cardiovascular diseases.(19) Very few CDSSs are available to assist physicians with

managing CLBP.(17)

A CDSS for management of chronic back pain is being developed at McMaster

University as a module within OSCAR, an open source Electronic Medical Record
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(EMR)(20;21) which is also being developed and maintained at the Department of Family
Medicine, McMaster University. The primary aim of the McMaster CDSS is to help PCPs
in diagnosis and treatment planning for CLBP and neuropathic pain. The CDSS

accomplishes this by offering patient specific recommendations based on CPGs.

Like any other health information technology intervention, the success of a CDSS is
dependent on many factors, usability being one of the most important.(22;23) Usability
refers to ease of use and is a quality attribute that assesses the easiness of using the
applications’ user interface.(23;24) In order to improve the usability of the CDSS before
release of the final version of the pain CDSS, two rounds of testing were planned and
these are the subject of this thesis. The objectives of this study are to test the usability of
the designed CDSS and compare the results of usability testing before and after system
design changes. It was expected that this iterative testing would help us improve the

usability of the final product, potentially resulting in greater uptake by clinicians.(25)

The thesis proceeds as follows. The next chapter summarizes the literature review related
to this study. Then, the third chapter delineates the methodology of the study and usability
testing followed by presentation of the results in the fourth chapter. Finally, the

discussion and interpretation of the results is argued in Chapter 5.
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2 Literature Review

2.1 Chronic Pain

The International Association for Study of Pain defines pain as an “unpleasant sensory
and emotional experience primarily associated with tissue damage or described in terms
of such damage”.(2;7) Traditionally, pain is divided into two broad categories: acute and
chronic. Acute pain is usually of sudden onset, is sharp and lasts less than 3 months while
chronic pain lasts longer than 3 months.(26) Acute pain is usually associated with
ongoing tissue damage whereas chronic pain is generally associated with long term
diseases.(1;7) The term chronic, non-cancer pain is used to denote pain unrelated to

cancer that remains after the usual course of disease or injury.(7;27)

Neuropathic pain and CLBP are two of the most important types of chronic pain.(28;29)
Neuropathic pain is defined as pain that occurs as a result of damage to or disease of the
nervous system.(30) Results of a study have demonstrated that between 2% to 3% of the
population of developed countries suffer from neuropathic pain.(30) Translating these
data to Canadian conditions, it can be assumed that 1 million Canadians are suffering
from neuropathic pain.(3) Tissue damage is the most common sign of neuropathic
pain.(29) The diagnoses and treatment of neuropathic pain is a multi-factorial process
with several variations and hence is complex for clinicians to manage.(29) In many
instances, establishing the cause of the pain might prove to be challenging because of the

large number of possible etiological factors.(28)
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Low back pain is the second most common chronic condition in Canada after non-food
allergies.(3;30) Low back pain is defined as a pain that occurs at any point along the
spinal cord. Approximately 28% of adults experience low back pain.(9;28) According to
Statistics Canada, between the years of 2007 and 2008, more than 2 million Canadians
aged 12 to 44 reported lower back pain.(3) This type of pain is more prevalent in women
than men, respectively 17% and 14%.(3) The incidence of low back pain increases with
age.(9;26) The lower back is more prone than other spinal regions to injury and hence

pain because it bears most of the weight and physical stress.(12)

CLBP refers to a type of low back pain that lasts for longer than 12 weeks.(31) CLBP is
more prevalent between the ages of 30 to 50 with equal frequency in men and
women.(1;27) Indeed, in nearly 85% to 90% of CLBP cases no specific cause of pain can
be identified thereby making its management a difficult proposition.(11) The diagnosis of
non-specific CLBP is challenging, this leading to inconsistency in management of this

type of pain.(5;32)

A large number of studies have reported that management of chronic pain is
challenging.(1;30-32) Clinicians find the assessment and treatment of chronic pain
challenging because chronic pain is extremely subjective in nature and classification
patterns often conflict with one another.(8;28;30) Both CLBP and neuropathic pain have
distinct assessments and treatments.(12) Generally, the treatment strategies of CLBP is
not effective in neuropathic pain and occasionally neuropathic pain gets worse instead of

better over time and can even lead to serious disability in some cases.(33)
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Physical examination and interviewing the patient are the most important basic methods
used by clinicians to diagnose chronic pain.(30;31) The primary goal of chronic pain
treatment is to control rather than cure the pain.(26) Generally, instead of treating CLBP
or neuropathic pain, it is recommended to focus on improving the patients’ symptoms,
such as pain intensity, physical functions and eventually, quality of life first and then treat

the underlying cause of pain.(5;9;26)

A disease condition as widespread as chronic pain can have significant negative effects
on the economy of any nation. A survey conducted by the Canadian Pain Society in 2011
found that nearly one third of the Canadian population (32%) who have severe to
moderate chronic pain have reported lost productivity and absenteeism.(3) These people
have experienced lost income and even loss of jobs.(4;32;34) Chronic pain is a burden on
the health care system too. A Canadian health population survey estimated that
management of chronic pain costs the Canadian economy $14,744 per person per year. In
2004, the annual direct cost of health care related to chronic pain was estimated to be $6

billion dollars in total.(5;6)

Aside from the cost of managing chronic pain, patients’ private lives and their families
are also affected by chronic pain.(4) People with chronic pain usually assess their quality
of life negatively.(4) Chronic pain can also lead to other conditions such as deprivation of
sleep, fatigue and eating problems.(35) Chronic pain is also reported to be linked to

absence from school,(34) missing social activities, and taking days off work which can
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result in lost or changed jobs.(36;37) Eventually, chronic pain can compromise mental

health, create anxiety, cause depression and even contribute to suicidal tendencies.(38)

Despite the overall expenditure associated with CLBP and neuropathic pain, little
improvement in patient outcomes has occurred.(12;39) Results of studies have shown that
chronic pain is often undermanaged, and many healthcare professionals do not optimally
manage chronic pain.(9;12) The poor management of pain may be caused by failure of
use of appropriate medications, dosage problems or medication side effects and
moreover, insisting on medication therapy as the only modality in chronic pain
management.(26;31) Given the substantial number of patients with chronic pain that each
PCP works with, another issue that could cause mal-management of chronic pain is the

limited training that PCPs receive in regard to chronic pain.(10)

To address the large population experiencing CLBP and neuropathic pain and the limited
training PCPs receive regarding pain management, specialized pain clinics have
developed.(5;10) However, only between 0.5 and 2% of patients with chronic pain have
access to these clinics and the wait time for being admitted to these clinics is very
long.(5) In Canada wait time to attend pain clinics is reported to be between 6 to 18
months.(5;27) More visits do not seem to be the answer to pain management either, as
frequent and prolonged pain visits usually lead to poor clinical outcomes and
dissatisfaction of patients.(5;27) Result of a survey showed that delivering outstanding

clinical care needs high quality education and knowledgeable staff.(17)
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A national study has found that educating either PCPs or patients can improve clinical
outcomes and decrease pain.(8) It was also reported that if PCPs were provided with
appropriate knowledge, they could more effectively manage patients with chronic pain

and eventually reduce the number of referrals to a pain specialist.(9;26)

Chronic pain is more often identified as a manageable condition than one that can be
cured. Dealing with chronic pain needs collaboration between patients and the clinical
team.(12;32) Pain management also necessitates frequent visits, evaluations and
medication adjustments.(12) Following CPGs is one way to support the decision making
process of clinicians and improve patient outcomes.(1;30) A study on compliance with
diabetes CPG has revealed that three years after the introduction of simple, accessible
interventions in a primary care clinic, the level of clinicians’ adherence to guidelines and
patient outcomes both were improved.(40) Hopefully a similar benefit could occur with

CPGs for chronic pain.

2.2 Clinical Practice Guidelines

CPGs are one of the most prominent means of implementation of evidence based
medicine in clinical practice settings.(41) Ideally, CPGs are derived using strong clinical
research (e.g., meta-analyses and large randomized controlled clinical trials)
incorporating good clinical practice, while some of the CPGs result from clinician focus
groups and expert opinion.(41-43) Large numbers of clinical guidelines pertaining to
various disease conditions have been published over the past years. The U.S. Agency for
Healthcare Research and Quality (AHRQ) has reported 2616 published individual

8
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guidelines for diseases, treatments and health services administration by 2013.(43) The
sheer numbers of CPGs make their incorporation into everyday clinical practice a
challenge for clinicians. It is difficult for clinicians to search for, select and incorporate
appropriate guidelines which fulfill their practice needs from the many published CPGs.
Additionally, it is a challenge to make sure the implemented CPG is offering high quality

and reliable information because of the high number of available guidelines.(44;45)

As well, the numbers of CPGs regarding effective treatment strategies continue to
increase and the practice of medicine is lagging behind in CPG implementation. Clearly,

integrating CPGs into routine daily clinical practice has proven to be difficult.(46)

Studies have been conducted on the application of published CPGs in clinical practice
settings. Lomas et al found that the implementation of CPGs into clinical practice is at
least 5 years behind.(47) Furthermore, many studies have also claimed that even the
broadly accepted CPGs are not often followed in routine clinical practice.(41;44-46;48)
For example, a study published in 2004 reported a low adherence of PCPs in Ontario to
CPGs in acute low back pain treatment.(49) This report showed that approximately 78%
of patients with acute back pain did not receive subsequent treatments as was necessitated
in the CPG.(49) Another study conducted in Canada to assess PCPs’ adherence to
guidelines for the diagnosis and management of type 2 diabetes, reported compliance of
PCPs with CPGs for type 2 diabetes in rural areas to be low.(50) Despite the availability

of the resources and CPGs, only 10% of patients with type 2 diabetes received proper
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tests, and only 22% of patients were prescribed medications according to CPG

recommendations.(50)

Different CPGs are developed and published by governmental groups and professional
organizations for specific diseases.(43;51) Efforts have been made to synthesize and
summarize the diverse literature on the evaluation and management of CLBP and
neuropathic pain. One of the accepted CPGs for managing neuropathic pain in Canada is
the Canadian guideline on pharmaceutical management of neuropathic pain.(13) Also, the
guidelines for opioid management(15), neuropathic pain(13) and low back pain published
by Toward Optimize Practice (TOP)(14) are currently the working CPGs in assessment
and treatment of chronic back pain in primary care settings. The primary objective of
developing the CPGs was to increase the use of evidence based medicine principles in
assessing the literature on the prevention, diagnosis and treatment of chronic pain in
primary care.(14) Additionally, promoting justified referrals to pain specialists, and
patient engagement in the process of care were the objectives for developing related

CPGs.(17)

Studies have proved that traditional medical journals or textbooks are not effective ways
of transferring knowledge at the point of care.(17;41;48) Paper-based educational
materials are limited in their use and application of the content to a specific current
patient problem. Traditional continuing medical education has been demonstrated not to
be very effective in changing clinicians’ behavior toward pain management and

reportedly did not help to increase the application of CPGs into practice.(44) Despite the

10
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fact that CPGs can optimize and standardize clinical care, their implementation into the
routine practice remains challenging. Common barriers include lack of awareness toward

the CPGs and the belief that guidelines cannot be effectively implemented.(47;51)

It is believed that CDSSs integrated into EMRs may provide the needed CPG
recommendations for clinicians at the point of decision making. The next section will

briefly provide an overview the CDSS technology.(16)

2.3 Clinical Decision Support Systems

The American Medical Informatics Association (AMIA) defines CDSSs as computer-
based applications that “provide clinicians, staff, patients or other individuals with
knowledge and person specific information, intelligently filtered or presented at
appropriate times, to enhance health and health care.”(52) Wyatt defined CDSSs as
"active knowledge systems which use two or more items of patient data to generate case-
specific advice".(53) CDSSs generally use knowledge databases combined with patient
information to make individual patient recommendations.(54) In other words, these
computer-based applications present clinical recommendations based on data from the
patient’s chart and relevant CPGs applicable to that particular situation. The main

objective of any CDSS is to generate case-specific advice.(55)

CDSSs are promising tools to facilitate the effective implementation of CPGs, reduce

errors in diagnosis and treatment of diseases and even to some extent, improve clinical

11
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outcomes.(18) A study conducted by Sim et al. presented recommendations for
accelerating the adoption of CDSSs for the practice of evidence based medicine.(55)
They found that CDSSs are effective means to improve adherence to guidelines and drug
dosing accuracy.(55) Also a recent systematic review that studied published journal
articles on the effects of CDSSs on practitioner performance and patient outcomes stated

that CPGs or expert physician opinion usually formed the knowledge base for CDSS.(56)

Most of the studies in the realm of CDSSs for chronic disease management in primary
care have been concentrated on diabetes and cardiovascular diseases(19); a recent review
demonstrated that CDSSs slightly improved the management of chronic conditions
particularly with respect to the process of care and the selection of appropriate patient
therapy strategies.(18) Only 51% of the studied CDSSs improved the process of care.(19)
One study highlighted that CDSSs could have a positive effect either on process of care
or patient outcomes in diabetes management.(57) In this study a web-based CDSS for
diabetes monitoring in adults in primary care was used to evaluate the influences on the
process of diagnosis and treatment as well as patient outcomes. The results confirmed that
the 61.7% of patients with diabetes received excellent care provided by clinicians who
used CDSS, in comparison to 42.6% of patients who visited clinicians who did not have
access to the CDSS.(57) Despite the fact that the CDSS improved the process of care, not
all the clinical outcomes were significantly changed. The CDSS helped to improve patient

outcomes; blood pressure, and glycated hemoglobin were effectively controlled.(57)

12
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Evidence regarding effectiveness of CDSSs is still emerging.(58) A randomized control
trial was conducted to study the effect of the use of CDSS in planning for patient weight
loss in comparison to paper based planning for patients.(59) This study showed that after
1 year of study, 32% of patients in the trial group that received the CDSS weight loss
recommendations successfully lost 6 or more pounds in comparison to 18% in the control
group that only received paper based recommendations.(59) In contrast, a CDSS that was
used to implement CPGs in treatment of patients with hypertension in general
practice(60) did not affect patient outcomes in any clinically significant way. In this
clinical trial, two groups of patients were studied with the goal of reducing their
cholesterol levels.(60) The intervention group who had received recommendations from
the CDSS showed a reduction in their level of cholesterol in blood serum on average to
6.6 mmol/l. In comparison the patients in the control group had on average a 6.7 mmol/l
of cholesterol in their blood serum. The study concluded that the CDSSs had not

significantly improved the clinical outcomes.(60)

Only a few studies have assessed the use of CDSSs in management of chronic pain.(61) A
study conducted in 2001 by Knab et al(17) stated that the use of CDSSs may facilitate
PCP’s management of chronic pain and may reduce the number of referrals to pain
specialty clinics. This study tested a CDSS that was designed to help PCPs in the
management of chronic pain. The content and recommendations provided by this CDSS
were based on academically reviewed CPGs. It was shown that the use of a CDSS after a

year decreased the number of patient referrals to pain specialists by 75%.(17)
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Ease of use, functioning according to strong CPGs and their ability to fit into the clinical
practice workflow are attributes of an effective CDSS.(52) Poor usability has shown a
major barrier in uptake and success of any health information technologies. Traditionally,
CDSSs have lacked usability testing before final implementation and this could be one

reason for the lack of uptake.(22)

2.4 Usability of Health Information Technologies

Neilson explains usability as “A quality attribute that assesses how easy user interface are
to use. It also may refer to methods of improving ease of use during the design

process”.(24)

In addition, the International Standard Organization delineates usability as the “extent to
which a product can be used by specific users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use”.(62) Usability
applies to the aspects of the system with which users work.(63;64) Usability is considered
to have five components: learnability, efficiency, memorability, errors and users’
satisfaction.(24;64) Two major methods to measure the usability of a system are usability
testing and usability evaluation. While usability evaluation methods involve a group of
experts using the product who identify usability problems quickly, usability testing
methods involve current or potential users of the system.(63-65) Watching real users, who
perform typical tasks with a system, can help uncover problems and areas to be improved.
Continuous usability improvement and system refinement can be achieved by collecting
users’ feedback and performing usability tests throughout the design process.(24;66)
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Usability can be tested at different stages of system development and implementation.
Iterative usability evaluation during the process of system development is shown to be a
very effective strategy to elevate the level of usability of a system.(67;68) Additionally,
the involvement of end-users early in the system design process can influence the

usability of a system.(65;69)

Exploratory usability tests are valuable usability engineering methods.(64) Exploratory
tests are usually conducted at early stages of system design and require extensive
interactions between the test users and researcher or developer.(64) Exploratory testing
methods are used to specify the functional aspect of the system and examine the
effectiveness of preliminary system design.(63;64) In this method, the observers work
with test users to gather first impressions of participants about the design or functionality
of product. This technique allows observers to ask follow-up questions in a collaborative
manner.(65;67) During the exploratory usability testing, participants will be asked to
perform a series of predefined tasks while using Think Aloud protocols(66;70),
verbalizing their thought process and actions. Think Aloud protocols are substantial

techniques of data gathering for exploratory usability tests.(23;66)

2.5 Usability Testing Methods

For complicated applications such as EMRs, the exploratory method of usability testing
would typically involve a mockup of the product that represents its layout, organization of

functions, and high-level operations.(64)
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Think Aloud is a dominant usability testing technique.(23;67) Think Aloud helps to
understand how users see the application, while analysis of the interaction between the
user and the system can provide an explicit list of usability problems confronted by end
users.(25;68) A list of barriers and areas for improvements can also be generated from
this type of testing. Usually this list is used to modify the product before the next usability
testing cycle or final product release. Two cycles of Think Aloud usability testing

normally yield the most significant issues to resolve.(67;70)

The basic principle of the Think Aloud usability testing method involves a test subject
verbalizing her or his thought process and actions while using the system.(23;70) The

process of Think Aloud usability testing is fully covered in section 3.7.2.

One of the objectives of usability testing is measuring the users’ satisfaction with system
design.(23;67) Several tools have been developed for this purpose.(23;25) One of the
most accepted and applied type of tools for measuring user’s satisfaction is the System
Usability Scale (SUS) (Appendix C).(71) The SUS, developed by John Brooke, is a
valuable subjective evaluation tool.(64;71) SUS is comprised of a 10 item, Likert scale
questionnaire that gives an assessment of the usability of a system or electronic product.
Each item is presented to participants on a 5-point scale, ranging from 1 for strongly
disagree to 5 for strongly agree.(25;64;71) SUS has also been used to measure the
learnability and usability of a system. SUS items are presented in Table 1. Items 1 and 4
correspond to the learnability of the system and the remaining 8 items correspond to its

usability.(71-73) The method of scoring the SUS is discussed in section 2.5.1.
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A personal health record that was developed for monitoring chronic diseases was tested
with Think Aloud protocols to identify usability barriers.(74) Two iterations of Think
Aloud usability testing were conducted. The findings of the Think Aloud testing were
categorized into four different themes: components that worked well, components that did
not work well, unnecessary functions and desired enhancements. Think Aloud protocols
were successful in finding problems for novice users of a pediatric portal.(74) Changes
that were made to the system design for the second iteration of Think Aloud usability
testing. This second iteration showed decreased time for task completion and increased

user satisfaction score.(74)

A recent study was conducted to test the usability of a CDSS for opioid therapy for
chronic, noncancer pain by PCPs.(75) Think Aloud protocols in combination with other
methods of usability testing such as SUS, interviews and log-files were used to test the
usability of this opioid CDSS. Two rounds of testing also yielded barriers experienced by
the PCPs. System design was improved based on the users’ feedback on the aspects of
usability. The system alterations positively changed the users’ satisfaction and helped to
improve the graphical user interface.(75) A large number of usability testing studies have

used Think Aloud protocols as an important and valuable method of usability testing.(67)

Additionally, usability of a prototype of a CDSS for secondary stroke prevention in a
veterans’ healthcare facility was studied by involvement of end-users during the early
stages of system development.(76) In this study, family physicians, residents, nurse

practitioners and physician assistants participated in the process of usability testing. Think
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Aloud protocols in combination with open ended interviews were used to collect data.
Participants’ comments were categorized into facilitator and barrier categories. The
findings of usability testing were also used to refine the CDSS.(76) The refinements
helped to improve the user interface. The main functionality and key user interface
problems were identified using usability testing of the prototype of the Pain Assistant.
The results of this usability testing indicated that the developed CDSS prompted

clinicians on using guidelines and facilitated comprehensive documentation.(76)

2.5.1 SUS Scoring

SUS yields a single number representing the overall usability of the system. Individual
items are not meaningful on their own. The range of SUS score is between 0 to 100. A

score above 68 is considered as a good, or above, average score.(71;72;77)

To calculate SUS score, for the items 1,3,5,7, and 9 the item score is the scale position
subtracted by 1. For even items, 2,4,6,8, and 10 the item score is 5 minus the scale
position. Multiplying the sum of the scores by 2.5 yields the overall value of

SUS.(71;72;77)

Table 1. List of SUS Items

# | SUS Item

1 I think that I would like to use this system frequently

2 | I found the system unnecessarily complex

3 | Ithought the system was easy to use
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# | SUS Item

4 | Ithink that I would need the support of a technical person to be able to use this system

5 | I found the various functions in this system were well integrated

6 | [ thought there was too much inconsistency in this system

7 | Iwould imagine that most people would learn to use this system very quickly

8 | I'found the system very cumbersome to use

9 | Ifeltvery confident using the system

10 | Ineeded to learn a lot of things before I could get going with this system

In summary, Think Aloud usability testing has been shown to be an effective way to
integrate users in the development process of software and other applications.(78) As
well, other methods of usability testing are used concurrently with Think Aloud methods.
The SUS process is one of the frequently used methods to quantifying users’
satisfaction.(73) The present study aims to incorporate these usability testing methods

into the development of a chronic pain CDSS.
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3 Methods

This section starts with a list of the research questions and then describes the study
design, research ethics board approval, participant recruitment, software testing method

and data collection and analysis methods.

3.1 Study Questions

This study addresses the following research questions:

1. What usability problems are experienced by PCPs while using the McMaster
chronic pain CDSS, known as Pain Assistant, for diagnosis and treatment of
chronic low back pain and neuropathic pain?

2. What usability facilitators are experienced by PCPs while using McMaster chronic
pain CDSS, known as Pain Assistant, for diagnosis and treatment of chronic low

back pain and neuropathic pain?

3.2 McMaster Pain Assistant

A prototype of a CDSS called McMaster “Pain Assistant” was designed to function as a
clinical decision support tool for diagnosis and treatment of CLBP and neuropathic pain.

It was designed to function within the OSCAR EMR(20;21) system.
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Pain Assistant incorporates content from the Canadian guidelines on low back pain(14)
and neuropathic pain(13) and opioid management(15). Pain Assistant aims to help
clinicians in making diagnosis and treatment decisions (both pharmacologic and non-
pharmacologic) for patients with chronic pain disorders. Pain Assistant also provides the
ability to monitor pain and responses to treatment over time. To this end, validated pain-
screening tools for CLBP and neuropathic pain are imbedded into Pain Assistant: the
Brief Pain Inventory® (BPI®)(79); Douleur Neuropathique 4 (DN4)(80); Patient Health
Questionnaire-4 (PHQ-4)(81); Primary Care- Post Traumatic Stress Disorder (PC-
PTSD)(82); and Pain and Sleep Questionnaire three-item index (PSQ-3)(83).
Additionally, this application provides suggestions on medication prescription and

resources for patient education. Short descriptions of the tools follow.

One of the most used and validated questionnaires for noncancer pain is the Brief Pain
Inventory®. The purpose of this questionnaire is to assess the severity of pain and the
impact of pain on the patient’s daily function.(79) The Patient Health Questionnaire-4
which is a short self-report questionnaire that includes four items. PHQ-4 is designed for
assessing depression and anxiety.(81) The PC-PTSD is designed for use in primary care
settings to evaluate the post-traumatic stress disorders.(82) In addition, PSQ-3 is a
standard validated screening tool that measures the impact of chronic noncancer pain on

patient sleep.(83)
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3.3 Study Design

A sequential exploratory mixed method(84) approach was selected as the research design
of the study. This design was selected because as a composite method it uses both
qualitative and quantitative data collection and analysis procedures. Additionally, the

method aligned with project goals and available resources.

In the first step, a qualitative approach was employed to examine the activities and
comments regarding usability problems by observing clinicians using the system. The
goal of the qualitative phase was to gather an in-depth understanding of the issues related
to the usability of the system. Think Aloud protocols(66) were used for this purpose. In
the second stage, a quantitative approach was used to capture users’ satisfaction scores
using the SUS.(24;66;71) Additionally, descriptive analysis methods were employed to

determine task completion time.

3.4 Participants

Research Ethics Board clearance was obtained from the Hamilton Integrated Research
Ethics Board (REB#: 13-136). Family physicians, residents and nurse practitioners were
selected as research participants because of their different perspectives in their
approaches to the diagnosis and treatment of CLBP and neuropathic pain. The study took
place at the McMaster Family Practice and Stonechurch Family Health Center, Hamilton,

Ontario.
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Study investigators selected the potential participants based on availability and ensuring
representation from family physicians, residents and nurses. Participants were contacted
by the research assistant to confirm the time and date of test sessions. The target was to
recruit from 3 to 8 participants for each iteration of the study, with no less than 5
participants for each round. This consideration of numbers was based on conventional
standards for usability testing. Recruited participants who took part in the study on their

own time (i.e. not clinical time) were eligible to receive a $100 honoraria.

3.5 Usability Testing Procedure

In order to achieve the goals of this study, 2 iterations of usability testing were performed,
one before and, and one after system revisions. During each iteration, participants were
given three different patient case scenarios (Appendix A) one each for medication
renewal, diagnosis of CLBP and monitoring neuropathic pain. Each patient case scenario

included a number of different tasks as presented in Appendix A.

3.6 First Iteration

In the first round of usability testing, each participant used Pain Assistant for 45 minutes

to 1 hour while reviewing 2 to 3 patient cases.

A prototype of Pain Assistant was used, which was an actual version of Pain Assistant but
ran on a demo server. It used a real patient chart and gave the participant the ability to

write, alter and save information on the patient chart without being saved to a real patient
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chart. The system had 1 patient chart for each of the 3 cases. All participant interactions
with Pain Assistant were screen captured and responses plus Think Aloud verbalizations

were audio recorded.

The process of the study was as follows:

3.7 Testing Process

3.7.1 Study Explanation and Obtaining Consent

The study procedures were explained to the participants on the test day. The explanations
were given face-to-face by the author. Each participant was given information on the
Think Aloud process. He or she was told that this might seem like an unnatural process
but would yield important information for the study team. Participants had the
opportunity to ask any questions regarding the usability testing and data acquisition
methods. The participant was then asked to read and sign the study consent form and if

eligible, the honoraria form.

3.7.2 Perform Tasks and Think Aloud

The participant was asked to start using the Pain Assistant prototype while reviewing the
given patient case scenario and Think Aloud. The author, a clinical advisor and a
computer programmer who observed participant interactions with the Pain Assistant took
notes. An observation note sheet (Appendix B) was designed for each patient case
scenario. This observation note sheet included a list of tasks which each participant was

expected to perform. The order of the patient case scenarios was changed for each
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participant to minimize the learning effect, as participants would be more familiar with

the Pain Assistant in later patient case scenarios than with the first patient case scenario.

Participants were encouraged to Think Aloud about their thought process as much as
possible. Prompts on tasks were given when the participant was unable to complete the
expected subtasks. Participants had the opportunity to ask questions about the system and

offer ideas about how to improve areas after completing the main tasks and subtasks.

3.7.3 Subjective Questionnaires

Immediately after the Think Aloud session, each participant was asked to fill out the SUS
(Appendix C) and the user preference questionnaire (Appendix D). To avoid any
influence by the observer comments, questionnaires were filled out before the debriefing

discussion.

3.7.4 Debriefing the Session

During the debriefing, users were asked 5 open ended questions and were also asked to
comment on any other particular issues that happened during the test session regarding
the usability that needed more discussion or action. A list of the debriefing questions is

presented in Appendix E.

3.7.5 Task Completion Time

During the study, each participant’s interaction with the Pain Assistant was screen

captured. The screen recordings were reviewed and the total time of participant’s
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interaction with the Pain Assistant was calculated with an electronic stopwatch on the

computer screen.

3.7.6 Data Collection

A list of collected data, with data collection and analysis methods are presented in Table 2

below.

Table 2. Data Collection and Data Analysis Methods

Data Collection Strategy | Data Analysis Methods
1 | Demographic data Descriptive analysis
Think Aloud protocols Directed content analysis, qualitative analysis of
transcribed audio recordings
3 | SUS Descriptive analysis for each of 10 SUS items and sub-
factors of usability and learnability
4 | User preference data Descriptive analysis
5 | Timing data Descriptive analysis on programmatically calculated
time interacting with the system

A combination of qualitative and qualitative analysis methods were used to analyze the

data collected during the usability testing.

3.7.7 First Iteration Data Analysis

An identifier code was used to label participants’ collected data. No specific identification
information was collected and stored during the data collection and analysis. The sum,

mean and median for time taken to do each task were calculated.

Microsoft excel was used to calculate the average, mean and median of the SUS scores

and time needed to complete each task.
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Data analysis was done in the 4 weeks after the first iteration of usability testing. For this
purpose, all voice recordings were transcribed. Directed content analysis(85), which is a
qualitative analysis, was used to pinpoint the usability issues of the Pain Assistant. A
codebook with categories of barriers, suggestions for improvement and facilitators of
usability was developed by the author who coded the transcripts. The number of
occurrences of the codes was used to generate a priority list for system revision. The
programming team tried to resolve the issues with a high number of occurrences before
the second round of usability testing. The results of the data analysis of the first usability

iteration are presented in Chapter 4.

3.8 Second Iteration

Based on the results of the first round of usability testing, some changes were made to the
Pain Assistant. Usability testing in the second iteration was performed by using the

changed version of the Pain Assistant.

In the second round of the study, new participants were recruited. Similar to the first
iteration, family physicians, nurse practitioners and residents were invited to take part in
the study. The 3 patient case scenarios and e-Charts were unchanged. The intention of
using the same patient case scenarios and e-Charts was to have the ability to compare the

results of the 2 iterations of usability testing.
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Think Aloud protocols and SUS were used to measure usability of the prototype of Pain
Assistant. All participant interactions with the Pain Assistant were again screen captured

and responses were audio recorded.

The process of the study was similar to the first usability iteration except for changes in
prompts on subtasks. Unlike the first round of testing, the verbal prompts of subtasks

were included in the case scenario instructions.

The same five types of data (demographics, Think Aloud protocols, SUS, user preference

and timing data) were collected as in the first round of usability testing.

3.8.1 Second Iteration Data Analysis

The same process was used for data analysis in iteration 2 and in interationl. Similarly, a
list of barriers, comments for improving confusing areas and facilitators with the number
of occurrence of each item was generated. Results from this round are also presented in

Chapter 4.
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4 RESULTS

As described in the previous section, we conducted 2 rounds of usability testing of the
Pain Assistant system. This chapter outlines the results from both rounds of testing. It also

details the changes made to the system design between the 2 rounds.

4.1 Participant Demographics

The first iteration of usability testing was conducted on April 17" and 18", 2013 at
McMaster Family Practice and Stonechurch Family Health Center. Seven participants,
comprising of 3 family physicians, 3 nurse practitioners and 1 resident were recruited to
take part in this round. For the second iteration conducted on May 27" and 29" at the
previously mentioned sites, a new group of 6 participants, consisting of 3 family

physicians, 2 nurse practitioners and 1 resident was recruited.

4.2 First Iteration Results

The first iteration of testing was expected to provide baseline data regarding the usability
of the Pain Assistant system so as enable the research team to effect appropriate changes

in the system based the results.

The participant’s voice recordings were transcribed and coded and the major themes were
defined by directed content analysis. Prior to analysis , coding categories were selected

for characterizing the system usability following the work of Graham et al(86). The
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author read the transcriptions and coded them verbatim. In the first round 7 participants

commented on different aspects of the Pain Assistant.

4.2.1 Types of Usability Barriers

Broadly, two types of usability barriers were defined at baseline: 1) internal and 2)
external. The term internal barrier is used to indicate those issues that were within the
purview of system designers and could potentially be resolved by them. Examples of
internal barriers were problems with user interface, content of the CDSS. The term
external barrier is used in this thesis to denote such issues that were beyond the control of

system designers as for example systemic barriers or changes in policies.

Within both of these broad categories (internal and external) systemic issues, user
interface issues, technical problems and content problems have been categorized. The
categories were developed based on prior studies. The definition of each category

follows.

Only 1 category of external barrier, a systemic barrier was identified at baseline. The term
systemic barrier is used to denote the features of the system dictated by policies,
regulations and operational demands of the healthcare system. On the other hand, three
types of internal barriers were identified, user interface issues, technical problems,

content problem.

The term user interface is used to indicate the graphical presentation of the content of

Pain Assistant. Generally, the characteristics of layout of Pain Assistant attributed to data
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entry, provision of too much information, presentations of the items on the screen and the
ease of navigation of the content or semantic issues. Additionally, the term technical
problem was presenting the issues with computer functions that were not relevant to
formatting or clinical content of Pain Assistant (e.g. ability to save or broken links
between pages). Finally, the term content is uses to denote the clinical items in Pain
Assistant or any utility attributed to clinical content. This category included comments
with clinical content (e.g. the content of medication list not included desired information)

or clinical decision support (e.g. ability to flag patients).

These items were tabulated and sorted based on their frequency. In the tables below, the
name of the category of each item is shown in the right hand column by using an

abbreviation.

4.2.2 Usability Barriers

Table 3 presents the usability barriers of using the Pain Assistant experienced by

participants in the first iteration of usability testing.

Table 3. List of Usability Barriers of the Pain Assistant, First Usability Testing

Iteration
Item Frq. CA
out of | T
7
1 Participants’ lack of knowledge regards pain screening tools. 7 SY
2 Participants’ lack of knowledge regards interpretations of the pain | 7 SY
screening scores.
3 Date, dosage, and the name of medication prescriber not existed in | 7 CF
the medication list.
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Item Frq. CA
out of | T
7

4 | It was hard to recognize the current tab. 7 Ul

5 Pain Assistant does not present any history of pain diagnosis. | 6 CF
(referrals, consultant notes, specialist notes, results of
examinations), diagnostic images and social history

6 | Measures are not linked to empty and previously filled | 4 TP
questionnaires in main page.

7 | Locating patient education resources in encounter guides was not | 4 Ul
easy.

8 | The amount of text on “info about meds” boxes was |4 Ul
overwhelming.

9 | The amount of text in boxes of “info about scores” is |3 Ul
overwhelming.

10 | Going through the whole list of guidelines in CDSS need more | 3 SY
time than a clinical standard visit.

11 | The medication list is inconsistent, not clear whether presents only | 2 CF
pain medications or lists all the medications.

12 | The title of "info about meds" is not clear. (Does it present advice | 2 Ul
on medication prescribing or the medications patient is currently
on?)This statement is not clear to me.

13 | Locating tools (e.g encounter guides and questionnaires) was not | 2 Ul
easy.

14 | Empty fields added clutter to the main page. 2 Ul

15 | Color coding is not intuitive in OSCAR EMR generally. 2 Ul

16 | Does the title of "resources" mean record of previous history of the | 1 Ul
patient or it presents empty new resources?

17 | Pain Assistant did not save automatically. 1 TP

18 | Long list of opened questionnaire in the encounter guides added | 1 Ul
clutter to the page.

19 | The external resources (YouTube videos and patient handouts) | 1 TP
were opened in the current window.

List of abbreviations used in the table

Frq.: Frequency CAT: Category SY: Systemic Issue UL User

Interface Issue CF: Content Problems TP: Technical Problem
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In the first round of usability testing, user interface issues emerged as the single most
frequent theme commented on by the participants. Forty five percent of all comments (28
instances out of the total of 64 instances) at this stage were related to user interface issues
of Pain Assistant. Systemic issues were the next most important area that participants
were concerned about, with the occurrence of 16 instances translating to 25% of all the
comments. Additionally, 23% of all the comments were regarded to content of Pain

Assistant. Only 6 instances that translated to 7% of issues were technical problems.

4.2.2.1 User Interface Problems

According to the study participants, lack of an intuitive interface was the main user
interface design related barrier of the Pain Assistant. Participants mainly noted difficulties
in navigating the items on the screen, user interface impairments (e.g. cluttered pages)

and semantic issues. Some examples of the participants’ comments follow.

A number of participants declared the amount of text in the information boxes (e.g. “info

about meds” and “info about scores”) added clutter to the page.

Another main challenge in usability of the Pain Assistant was navigating the tools. A
number of participants declared that finding the items and tools on the Pain Assistant was
difficult. For example, it was hard for participants to locate patient handouts or clinical

encounter guides. Additionally, several clinicians stated vagueness in the coloring of the
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tabs. They believed the tab color did not clearly define an open tab and caused confusion.
They felt that colouring to indicate openness was not explicit and needed to be clearer.
For example, a clinician articulated: “I don’t know what really is open. I see I am in there
[Pain Assistant] but if it could be highlighted, it would be nice.” Since the gray tab color
meant that there was no chronic pain diagnosis for the patient, and the opened tab was
marked with an asterisk sign beside it. It was remarked that the asterisk sign was not

prominent enough to be easily noticed.

Semantic problems were also identified by participants. Not all the titles were explicit to
participants. For example, the title of “info about meds” implied the pain medications that
the patient had taken previously. Another semantic complication identified by participants
was the title of resources. While the resources section provided tools and guides for
clinicians, it also conveyed the idea to some clinicians that it contained the record of

patients.

4.2.2.2 Systemic Issues

Two systemic issues were identified in the first iteration of usability testing; knowledge
and time. Participants commented that they were not familiar with the pain management
tools used in the system and that they felt that they were likely to be unable to fit using
the complete Pain Assistant within the duration of the usual clinical appointment.
Participants indicated that perhaps they might have to select the tools or content they want

to use rather than use all available guides.

34



M.Sc. Thesis- R. Malaeekeh; McMaster University- Faculty of Health Sciences - eHealth

Several participants reported problems toward the aspects of pain management that
seemed not to be correctable by Pain Assistant. Firstly, not all participants’ were familiar
with the embedded standard pain screening tools. For example, one clinician stated:
“what is the DN4 ?” or “What is BPI ? I never used that before” And another participant
declared, “So these are various questions I am asking the patient with the pain. But, 1

don’t typically use these[pain screening tools] in regular practice.”

4.2.2.3 Content Problems

Participants highlighted some crucial barriers in using the content of the Pain Assistant.
The main barrier was that the Pain Assistant did not give information regarding the date
of the prescription or the dosage of the medications. As a result, participants had to go
back to the main patient e-Chart to check the list of prescribed medications. As an
example, a participant said, “So then I want to know if these medications have been
renewed in the past. Is there a way finding this out? Because I see a list of it, but not

when they were prescribed. So I just need to go back to the old [prescription] module.”

Another content related issue that came up several times was the display of history of
pain in the Pain Assistant. Test subjects stated that they wanted more details of previous
diagnoses, referrals and diagnostic notes to be accessible within the Pain Assistant
system. A clinician stated, “I don’t see any [history of pain]. I would want to know if this

pain was similar to what he had before, and, I would want to know also what was done
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for him before or if there was any investigations, x-rays? Or MRIs done, And how long

did it [pain] last?”.

One more problem that was identified regarding the content of Pain Assistant was
inconsistency in the presentation of the listed medications. It was observed that, in some
instances, only pain medications were presented for some patients while a complete list of
all medications was presented in other cases. Participants requested a consistent list of

pain-related medications to be presented for all patients.

4.2.2.4 Technical Problems

Some technical problems also hindered the use of Pain Assistant. Participants stated that
previously filled questionnaires were not linked to the pain screening scores. Therefore,

the details of scores were not clear.

A participant stated that Pain Assistant does not save automatically. This can lead to loss
of already entered information. Users can potentially lose information while browsing

tabs or when accidentally closing the tool.

Another technical issue that raised concerns amongst participants was that the external
resources (e.g. YouTube videos or patient handouts) and tools (e.g. BPI®) opened in the
current window. Therefore, if they did not save the measures they were working on when

opening one of these external resources, they would need to re-enter this information.
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4.2.3 Features Requested to Be Added to Pain Assistant

Changes or suggestions for improving usability of Pain Assistant are presented in Table 4.

Table 4. List of Suggested Features or Changes of the Pain Assistant, First
Usability Testing Iteration

Item Frq. CA
out of | T.
7
1 Initial doses and list of covered medications to “info about meds” | 5 CF
boxes.
2 | Write prescriptions directly from Pain Assistant 5 CF
3 | Information regarding pain screening tools. 3 SY
4 | Flagging patients on narcotics and indicate the refill date. 3 CF
5 Add patient handouts in easily printable formats (e.g. PDF). 2 CF
6 | Form to document medication's effectiveness and side effects. 2 CF
7 | Functionality to sort the measurements and scores by visit/date. 2 Ul
8 | Link to videos for patient handouts in easily printable formats (e.g. | 1 CF
PDF).
9 | Reminder or flags to differentiate between types of pain, if several | 1 CF
types of pain are present.
10 | More space in the Brief Pain Inventory® tool for text. 1 CF
11 | Auto save and minimize functionality for tools. 1 TP
12 | Pharmacy information into Pain Assistant 1 CF
List of abbreviations used in the table
Frq.: Frequency CAT: Category SY: Systemic issues Solution

UL User Interface Addition CF: Content Addition TP: Technical Problem Solution

During the usability testing, participants were given the opportunity to talk about the
features that they thought would increase the utility of the Pain Assistant. An overview of
the participants’ comments showed that 78% of all the comments were suggestions

regarding clinical content of Pain Assistant. Twelve percent of all the comments were
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demanding improvements the systemic barriers. Not surprisingly, only 7% of comments
were about improving user interface, because most of the comments about user interface
were given in the form of barriers and not suggestions to improve the interface.
Moreover, 3% of comments were representing the need to recover technical problems.
The results are listed in Table 4, and some of the suggested features to be added to Pain

Assistant are presented here.

4.2.3.1 Content Additions

The majority of comments were regarding the content of the Pain Assistant. Because
traditionally primary care clinicians are not very familiar with pain management

strategies(5;75), elaborations on the content were requested by participants.

Several participants needed more information on the initial dosage of medication to be
presented to support their pharmacological treatment strategies. Also, participants stated it
would be more convenient for them to write prescriptions within Pain Assistant rather
than going to the patient e-Chart and prescribe from the main prescription module. They

believed the presence of this feature would help them as it takes fewer mouse clicks.

Clinicians also requested additional features for Pain Assistant to improve the utility of
the content. One main concern in dealing with chronic pain patients was monitoring
patients for narcotics abuse and clinicians wanted the Pain Assistant to flag patients with
narcotic contracts and alert the clinician regarding the date that the patient would run out

of opioids.

38



M.Sc. Thesis- R. Malaeekeh; McMaster University- Faculty of Health Sciences - eHealth

4.2.3.2 Systemic Issue Solutions

Another addition that participants asked for was information on tools. No information
was provided about imbedded tools in the Pain Assistant and participants were clearly
unfamiliar with the imbedded tools. A number of participants suggested that an

explanation of the tool would help them to have a better understanding of the tools.

4.2.4 Usability Facilitators

During the usability testing participants also commented on the aspects of system design
that helped them in interaction with the Pain Assistant. Table 5 lists the facilitators
experienced by PCPs who participated in first iteration of usability testing of Pain

Assistant.

Table 5. List of Usability Facilitators of Pain Assistant, First Usability Testing

Iteration
Item Frq. out | CAT.
of 7

1 The imbedded pain screening tools and pain encounter guides | 7 CF
simplified chronic pain visit.

2 | All the pain pertinent information from patient chart was presented | 7 CF
in one screen.

3 | Plotted trend of changes in pain scores, helped to identify pattern of | 5 CF
pain.

4 | Patient handouts/educational materials will be an asset in changing | 4 CF
the expectations of patient.

5 | The visual presentations (i.e. size and style of font and color) of | 4 Ul
Pain Assistant were pleasing.

6 | Auto calculation of the scores. 4 TP

7 | Well-designed workflow prevented jumping around patient chart/ | 4 CF
going back and forth between Pain Assistant and patient e-Chart.

8 | Pain Assistant populates patient information from chart to Pain | 2 TP
Assistant and vice versa.
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Item Frq. out | CAT.
of 7

9 | It was easy to complete questionnaires with check marks without | 2 Ul
the need to write things (yes/no answers).

10 | Presented a big picture of pain management (diagnosis, screening | 2 CF
and treatment) rather than only focusing on medication therapy.

11 | Titles across the top distributed different items very nicely (easy | 1 Ul
access to different items).

List of abbreviations used in the table

Frq.: Frequency CAT: Category SY: Systemic Facilitator
UL User Interface Facilitator CF: Content Facilitator TP: Technical
Facilitator

The total number of facilitator instances was 44. Participants believed that the content of
Pain Assistant facilitated its use. This observation was repeated in 70% of all the
comments. User interface items as facilitators in using the Pain Assistant were repeated in

16% of all instances.

4.2.4.1 Content Facilitator

Participants’ comments reflected that Patient Assistant was equipped with the essential
pain-screening tools. Subjects believed that all the imbedded tools helped make the
treatment and assessment of chronic pain better. Additionally, patient handouts in Pain
Assistant would give clinicians access to the latest version of educational materials with

few clicks.
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4.2.4.2 User Interface Facilitators

Additionally, the font size and color of the items in the Pain Assistant were also seen as
facilitators in the use of the Pain Assistant. Participants stated that filling out the pain

questionnaires was very easy as questions were in yes or no format.
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4.3 System Design Changes

In response to the usability barriers and comments for improvements that came up in the
first round of usability testing changes were made to the Pain Assistant system. The
changes are listed in the Table 6. Because of the time constraints, not all changes
requested could be performed as the system was in an ongoing development stage.
Therefore even some changes with lower frequency were prioritized over others because
they were more in alignment with the progress of Pain Assistant development. The
implementation of changes was delayed because the prototype of Pain Assistant was
running on a demo server and it took time to be implemented on the server. The last

column of the Table 6 shows the changes implemented for the second round of testing.

Table 6. List of Suggestions and Changes Made to Pain Assistant after the
First Iteration of Usability Testing and before the Second Iteration

Item | Change/Revision CAT. Changes
made

1 Patient name and demographics were added to the header of Ul 4
each page.
Coloring of the tab was changed and an underline was added

2 . Ul -
to indicate the current tab
Bigger text input dedicated to the text area in Brief Pain

3 Ul +
Inventory®.

4 Resources title reworded as it was not as descriptive. Ul +
The title “info about meds” changed to “suggestions on

5 L, Ul +
medications”.
Implemented the ability to make all questionnaires collapsible

6 by default and added the + sign beside it to indicate that the Ul +
questionnaire could expand.
Suggestions on medications were updated to make first line

7 more visible and the rest of text changed to an expandable Ul +
field.
A link to YouTube videos for patient handouts in printable

8 . CF +
format was implemented.
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Item | Change/Revision CAT. Changes
made

Pain score correlated to medications functionality was added to

9 the Pain Assistant to help clinicians identify the effectiveness CF +
of medications.

10 History of the pain referrals, diagnostic images and pain CF i
diagnosis were added to the Pain Assistant in different tabs.

1 Patient psychological SMART goals section added to both pain CF 4
guidelines.
The ICD9 codes displayed when “Add a Diagnosis” warning is

12 displayed (only a list of specific chronic pain codes were CF +
shown).
New tools added to resources: Opioid Manager, Narcotic Note,

13 Narcotic Contract and Workplace Safety and Insurance Board CF +
(WSIB) form 8.
Explanations were added to questionnaires; (i.e. titles, purpose,

14 . . . SY +
and how to fill out information).

15 Explanations were added to each score. SY +

16 External resources (e.g. YouTube links) to be opened in a new TP 4
window rather than the same patient e-Chart window.

17 Measures linked to completed questionnaires. TP +

List of abbreviations used in the table

Frq.: Frequency CAT: Category SY: Systemic ~ Changes
UL User Interface Addition CF: Content Addition TP: Technical Problem Solution

4.3.1.1 User Interface Changes

Because usability was reported as a major barrier in use of Pain Assistant, efforts were
made to resolve some of the usability problems. A number of participants reported items
as not being explicit, Titles (e.g., “Info about meds” and “resources”), and these were

changed to clarify the purpose and content of each item.

Additionally, expandable fields were added to decrease the amount of text on the screen

and in information boxes. To decrease the amount of text presented in “info about meds”
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boxes, the design team planned to prioritize the visible information and condense the rest
of the text under an expandable field for the next iteration. Therefore, only
recommendations on the first line of medications would visible and the rest of the items
were hidden under an expandable button. Also actions were devised to resolve the
problem of long lists of questionnaires in the clinical guidelines. The Pain Assistant
programmer changed opened questionnaires to collapsible by default and added a plus (+)

sign beside each questionnaire to indicate that the questionnaire could expand.

Participants reported unclear coloring of the tabs in first iteration of usability testing. The
opened tab was remarked by an asterisk sign but because the sign was not clear enough,
the programming team decided to try to resolve the issue by using underlining of the

opened tab rather than marking it with an asterisk.

4.3.1.2 Content Changes

Besides the changes to the user interface, some new content was added to the Pain
Assistant for the second iteration of usability testing. New imbedded tools consisted of
opioid therapy specialized tools and work injury claim forms. Clinicians in the design
team decided to add these tools as the Pain Assistant was supposed to function in opioid
management. Moreover, to involve patients in the process of care, patient SMART' goals

were also added as a new content for the Pain Assistant.

! Specific, Measurable, Attainable, Relevant, Time Bound.
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One major change requested by participants was adding history of pain to Pain Assistant.
This issue was resolved by adding a history of pain diagnosis during the next revision.
Information on previous diagnostic imaging, referrals to specialists, physiotherapist’s
consultation notes, and previously filled pain screening scores were planned to be added

to the second revision of Pain Assistant.

4.3.1.3 Systemic Additions

In response to participants’ requests to add information to imbedded tools, descriptions
were added to tools and the scores. The explanations were about how and when to use the
tool, and interpretation of scores. Also some information was added to each tool
description for clarification. All these additional explanations were shown when users
would hover the mouse on items or tools in the encounter guide or the face page of Pain

Assistant.

4.3.1.4 Technical Problem Solutions

Technical problems with the Pain Assiatant were also attempted to be resolved. In the
first iteration some test users lost their information while browsing new tabs. Therefore,
all of the new tools were programmed to be opened in new windows rather than the

previous one.
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In addition, participants commented that the date of entry and who entered the measures

were not clear. Thus, to form a better understanding of measurements, previously filled

questionnaires were linked to measures.
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4.4 Second Iteration Results

The purpose of conducting the second round of usability testing was to assess whether the
implemented changes to system design were effective and to identify other usability

issues.

Similar to the first phase of usability testing, Think Aloud protocols were used to study
the usability of the Pain Assistant system. Similarly, all the voice recordings of the
participants working with the Pain Assistant were transcribed. The transcriptions were
coded in a similar manner to the first usability iteration by the author. The number of
occurrences of each usability category was calculated. Tables for barriers and facilitators
were created and items were sorted based on the number of occurrences of the item. The
results of the second iteration of Think Aloud protocols are presented in Tables 7, 8 and

9.

4.4.1 Usability Barriers

A list of usability impediments in using Pain Assistant by participants in round 2 are

presented in Table 7.

Table 7. List of Usability Barriers of Pain Assistant, Second Usability Testing

Iteration
Item Frq. CAT
Out of
6
1 Participants’ lack of knowledge regarding interpretation of pain 6 SY
screening scores.
2 The medication list is inconsistent, not clear whether it represents only 6 CF
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Item Frq. CAT
Out of
6
pain medications or lists all the medications.
3 Pain Assistant does not present any history of pain diagnosis (referrals, 6 CF
consultant notes, specialist notes, results of examinations), diagnostic
images and social history.
4 Date, dosage, and the name of medication prescriber do not exist in the 6 CF
medication list.
5 The information on scores is not explicit to everyone. 5 Ul
6 Locating patient education resources in encounter guides is not easy. 4 Ul
7 It was difficult to recognize the current tab. 4 Ul
8 Empty fields added clutter to the main page. 4 Ul
9 Going through the whole list of guidelines in Pain Assistant requires 3 SY
more time than a clinical standard visit.
10 | The image requisition form in the Pain Assistant will result in over 3 SY
ordering the diagnostic images; this contradicts the new policy of
Ministry of Health of Ontario does not pay for imaging for chronic back
pain.
11 | Too many acronyms were used in Pain Assistant. 3 Ul
12 | When clicking on tools in Pain Assistant, the new pages are big and not 2 TP
resizable.
13 | The amount of text in “Suggestions on Medications” boxes is 2 Ul
overwhelming; small font size and too many numbers added clutter to
these information boxes.
14 | The imbedded opioid contract form is not the latest version. 1 CF
15 | Numeric ICD-9 Codes were not explicit. 1 CF
List of abbreviations used in the table
Frq.: Frequency CAT.: Category SY: Systemic Issue
UI: User Interface Issue CF: Content Problems TP:Technical Problem

In the second round of usability testing 48 issues were raised in all the categories. The

number of barriers in user interface decreased by 10% from 45% to 35% for all the
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barriers. Not surprisingly, more barriers were reported regarding the content of the Pain
Assistant in the second round since almost no changes were made to improve the content
of Pain Assistant. In this round, 41% of all the comments stated new or repeated barriers
about Pain Assistant content. The changes made to the system design therefore seemed to
have been successful in solving some systemic barriers. The proportion of systemic
barriers decreased to 18% of all the problems. Also, a slight reduction in the number of
technical problems was seen. In the second usability iteration, the issue of technical

problems with system design accounted for only 4% of all the comments.

To explain the results of the second round of usability testing analysis, some examples of
user’s comments on content, user interface problems, systemic barriers and technical

problems are presented.

4.4.1.1 Content Problems

Some of the changes that listed in Table 7 were in response to the need to improve the
content of Pain Assistant. In some items, the implemented changes were helpful in
improving the usability of Pain Assistant while some of the other changes were reported
inadequate. Additionally, most of the problems on content of Pain Assistant were carried
forward from the first iteration of usability testing, because few substantial modifications
took place to resolve issues in this section. Inconsistency in the medication list, and lack
of history of pain diagnosis were the two top barriers in content of Pain Assistant

identified by participants in both two iterations.
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As mentioned before, new tools were added to the Pain Assistant. Some participants
highlighted that the imbedded opioid contract tool was not the latest version and

therefore, needed to be changed during the next system design revision.

The programming team decided to add a list of International Classification of Diseases-9
codes to Pain Assistant to simplify the process of adding patients with chronic pain to the
disease registry. While numeric codes were shown, a number of participants stated that
these numbers were not identifiable to them. They wanted to change the numeric list of

codes to actual descriptive codes for easier recognition of the diagnosis.

Because no changes were made to the Pain Assistant medication module, not surprisingly
all the barriers identified in the first round were identified in the second iteration as well.
For example, several users in the second round of testing noticed inconsistencies in the
list of medications. Participants felt that from the list of medications it was unclear
whether the intent was to display only pain medications or all the prescribed medications.
Notably, clinicians’ disagreed with each other with regarding suggestions to resolve this
problem. Some of them wanted only the pain medications to be displayed while others
wanted other medications also to be presented on the list of medications. For example a
clinician stated that “I like all the medication to be reflected here, not only the pain ones.”
In contrast to that, one other clinician commented that “If it is pain specific module, 1

would want to see only pain medications”.
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4.4.1.2 User Interface Problems

While there were many similar issues were identifies in both rounds of usability testing,
some new concerns were raised. These concerns were related to the system changes. It
was clear that as some issues were resolved, new issues became apparent.

Problems of user interface design were among the top barriers in using Pain Assistant. To
remove barriers in the design of user interface, some actions were taken after the first

iteration of usability testing.

Titles were changed to be clear and self-explanatory for the second iteration. But a
resident stated that too many acronyms and abbreviations in Pain Assistant is a big issue

especially for learners.

Some efforts were made to tidy the pages and decrease the clutter on the face page of
Pain Assistant and information boxes. For this purpose a (plus) + sign was added next to
each tool to expand and minimize the questionnaires or other text fields. Participants
stated that this added feature helped to organize the encounter guides. However, the
problem on the information boxes persisted. Even after changes to the system design,
participants reported clutter on information boxes. They believed small font size and too

many numbers made the boxes overwhelming.
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4.4.1.3 Systemic Issues

A new issue which came up several times was having the medical imaging requisition
form within the Pain Assistant front page. Several participants commented that the
existence of the medical imaging requisition form on the main page of Pain Assistant
would lead to over ordering of imaging in an environment where chronic back pain
medical images are not supported by evidence and will not be covered under the Ontario
Health Insurance Plan. They believed that this imaging order form should be removed

from the front page of Pain Assistant.

Study subjects in the second iteration of usability testing recognized the added feature of
information on pain screening tools as being very helpful. They declared explanations on

the tools helped them to understand what the tool was about.

Despite the fact that the explanation of scores was added to each measure, study
participants reported that the explanations were not explicit enough. They wanted to have
more details and information on scores and their interpretation to be added to the
explanations of the scores. A clinician stated that “/ don’t know what these scores mean.

It would be better to have their range beside it.”

Similar to the first iteration of usability testing, in the second phase clinicians were
concerned about the time constraints that may limit their use of the Pain Assistant. While
participants believed that the content and tools imbedded in the Pain Assistant could

facilitate diagnosis and treatment planning, and would support their clinical decisions, the
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limited clinical time they have for each patient may prevent them from using the Pain
Assistant comprehensively. For example a participant stated “I think there are good

aspects of it, but may not be applicable to our 15 minutes appointments”.

4.4.1.4 Technical Problems

A new issue related to a technical problem came up in the second iteration. This issue was
the result of change to the Pain Assistant system design. Pain Assistant was changed to
open tools and guides in a new window. A number of participants reported these new
windows were big and not resizable. Even scrolling through these windows was not easy,

as the scroll bar was hidden on the side of the window that was not visible.

No other technical issues came up in the second round of usability testing.
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4.4.2 Features Requested to Be Added to Pain Assistant

Similar to the first round of testing, participants were asked to give their ideas about how
to improve system design or the content of Pain Assistant. Table 8 lists participants’
suggestions of features or changes to system design. Some of the suggestions or requests

of change the system design are similar to what was raised in Round 1.

Table 8. List of Suggested Features or Changes of the Pain Assistant, Second
Usability Testing Iteration

Item Frq. CAT.
out of
6
1 | Add the ability to write prescriptions directly from Pain Assistant, 5 CF
and see other current medications while in the Pain Assistant.
2 | Add medication side effects and drug-drug interactions to the 2 CF
medication suggestion section.
3 | Move the important measures to the top of the page for easier follow 2 Ul

up, move the height/weight or barely used measures under the scroll
bar.

4 | The ability to add a new questionnaire from either the menu, 2 Ul
encounter guide or the "add" button in the scores list.

5 | Add a printable version of questionnaires (such as BPI®) to the 2 CF
patient handouts.

6 | To grab more attention, allergy tab color should be changed if any 1 Ul
allergies existed.

7 | Add a tab for opioid management that includes opioid guidelines, 1 CF

prescribed opioids with dates and dosage, the medication refill date
and due date of the opioids.

8 | Add a submit button at the end of each questionnaire as well as one 1 TP
at the end of encounter guide.
9 | Add pharmacy information into Pain Assistant. 1 CF

List of abbreviations used in the table
Frq.: Frequency CAT: Category SY: Systematic Issue Solution
UL User Interface Solution CF: Content Addition TP: Technical Problem Addition
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4.4.2.1 Content Additions

A number of test subjects had difficulties in locating and using handouts. Subjects
highlighted that they want to have patient handouts readily accessible on the Pain
Assistant face page rather than going to the clinical guides. Also the patient handout
section led them to website URLSs that did not provide PDF or printable files. Participants

stated that they wanted the handouts in printable format and not as links to websites.

4.4.2.2 User Interface Solutions

Subjects also highlighted the need for organizing the pain screening measurements. In the
testing phase several participants stated that too many empty fields and boxes in

measurements added clutter to the page and reduced its utility.

Participants also provided input on the solutions to be applied in subsequent design
revisions, particularly regarding the level of details on the face page of the Pain Assistant.
They wanted to have most commonly used features and information to be visible on the
Pain Assistant face page and all other measures be hidden under the scroll bar to avoid a

cluttered page.

Moreover, new features were requested to be implemented for the next system revision.
For example participants were looking for the ability to add questionnaires from the

menu, encounter guide or the “add” button in the scores list.
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4.4.2.3 Technical Problems

During the second iteration of usability testing, a family physician reported that there was
only one save button in the list of tools. This participant suggested having a save button at

the end of each questionnaire. Having this option would make the saving process easier.

4.4.3 Usability Facilitators

Facilitators in using Pain Assistant in second iteration of usability testing are presented in

Table 9 below.

Table 9. List of Usability Facilitators of Pain Assistant, Second Iteration

Frq.
Item out CAT.
of 6

Having different pain screening tools and encounter guides
1 | embedded in the Pain Assistant made it a comprehensive package | 6 Ul
and fruitful resource for chronic pain management.

Presents all the pain management sources in one spot, it prevents
2 | jumping around patient e-Chart to gather information or searching | 6 CF
over the internet for the screening tools or handouts.

The feature of having a timeline that correlates the measures and
3 | medications will make a better understanding of the effectiveness of | 6 CF
the treatments.

Pain Assistant offers different management strategies for different

4 types of pain rather than only medication therapies. > CF
Pain Assistant provides a standard method of chronic pain

5 | management which consequently will improve team work and quality | 4 CF
of care.

6 | Explanations on tools found to be very helpful. 4 SY

7 Ability to enlarging and minimizing questionnaires in encounter 4 Ul
guides found to be helpful.

3 The ability to auto populate the scores in different places in Pain 4 Ul
Assistant and patient e-Chart

9 The ability to fill the WSIB form 8 through Pain Assistant will save 3 Ul

clinical time.
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10 Pain Assistant serves as a self-learning tool, which collects data in 3 CF
forms of pain screening numbers versus patient narrative data.
Helpful suggestions for medication prescription with evidences

11 i 2 CF
provided.
The SMART goals for patient could positively reinforce patients and

12 | have the potential of motivation and treatment plan reminders for | 2 CF
clinicians.

List of abbreviations used in the table

Frq.: Frequency CAT: Category SY: Systematic Issue

UL User Interface Issue CF: Content TP: Technical Problem

Facilitators related to content were the main facilitators for using the Pain Assistant, with
68% of all the comments related to these 2 categories. User interface design was
experienced as the next most common facilitator in using the Pain Assistant with 30% of

all the comments.

4.4.3.1 Content Facilitators

Although not all of the clinicians were aware of the pain screening tools contained in the
Pain Assistant, having the range of different pain screening tools was seen as a positive
feature of the Pain Assistant. Participants believed that having all the standard pain
screening questionnaires imbedded in the Pain Assistant would improve the
documentation of assessment and treatment of chronic pain. They also expected the Pain
Assistant to facilitate better teamwork by providing a common approach to pain
management. Also, CPGs that were presented in the form of clinic visit guides, helped
clinicians to make decisions with confidence by providing details about where to begin,
and recommendations of medications and other modalities of treatment.

57




M.Sc. Thesis- R. Malaeekeh; McMaster University- Faculty of Health Sciences - eHealth

Additionally, a section with patient SMART goals was devoted to psychological aspects
of pain management. This section was seen as very useful content which could assist
clinicians and patients to collaborate in an effective way to manage chronic pain.
Participants stated that they usually forget to talk about patient goals during a clinical
visit. Therefore, having a separate goals section would likely be a good reminder for
clinicians to discuss goals with patients. SMART goals were also commented on as
functioning as a positive reinforcement for patients. A clinician stated that “SMART
goals, Well, You know I always struggle with that. I don’t even have time to ask. That is

something I would like myself personally to have somewhere handy.”

Moreover, several participants commented that the suggestions on prescribing
medications facilitated decision making. This suggestion section provided the usual
dosage, the drug adverse effect, titration and comments about pain medications. All of

this added information was found to be helpful.

The added feature of a timeline that correlated the medication to pain screening scores
was highly appreciated by the participants as a facilitator. Participants felt that this feature
could be helpful as they could track the changes of pain scores based on changes in
medications. In other words, medication effectiveness could be assessed by this feature

longitudinally.
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The system also received endorsement from nurse practitioners who usually do not deal
with many patients with chronic pain. A nurse practitioner stated, “It means a lot when

you can show a person that what the first line medication is.”

4.4.3.2 User Interface Facilitators

One other user interface facilitator was that Pain Assistant gathered all the pain pertinent
information from the patient’s e-Chart in one place in the Pain Assistant that was
specialized for chronic pain. In this regard, one participant stated that “I like the fact that
it (is) divided into different types of pain, and that within [the Pain Assistant] you have so
many tools that otherwise you will be searching for.” Centralizing all the pain assessment
and screening tools eliminated the need for clinicians from having to look at different

flowsheets, or different locations to find forms and information.

4.4.3.3 Systemic Facilitator

Explanations of tools that were added to Pain Assistant in the second iteration of usability
testing were reported as one of the valuable additions to the system. The displayed
information included some explanations on how and when to use each measure. As
participants mentioned, the short explanations helped them to have a clear image of the
purpose of the tools. Furthermore, this additional feature improved Pain Assistant as a

self-learning tool.
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4.5 SUS Score

All participants completed the SUS usability questionnaire (Appendix C) immediately

after using the Pain Assistant in both usability testing rounds. The mean and SD of each

SUS item and the overall mean is calculated. The comparison of SUS scores between two

iterations are presented in Table 10.

Table 10. Comparison of the SUS Scores between First and Second Usability

Testing Iterations

# | Item Round One, n=7 | Round Two, n=6
Mean (SD) Mean (SD)

1 |I think that I would like to use this system 4.85 (0.35) 4.17 (0.75)
frequently.

2 | Ifound the system unnecessarily complex. 2.00 (0.76) 2.33(0.81)

3 | I thought the system was easy to use. 4.42 (0.49) 3.66 (0.51)

4 | I think that I would need the support of a technical 1.71 (0.70) 1.83 (0.40)
person to be able to use this system.

5 | I found the various functions in this system were 3.42 (1.05) 4.00 (0.63)
well integrated.

6 | I thought there was too much inconsistency in this 1.71 (0.70) 1.83 (0.75)
system.

7 | I would imagine that most people would learn to 4.42 (0.49) 3.33(0.81)
use this system very quickly.

8 | I found the system very cumbersome to use. 1.57 (0.73) 1.66 (0.81)

9 | I'felt very confident using the system. 3.85(0.64) 3.16 (0.75)

10 | I needed to learn a lot of things before I could get 1.57 (0.49) 2.50 (0.83)
going with this system.
SUS Score 81.10 (12.02) 70.40 (6.78)
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The overall SUS score decreased from 81.10 (+12.02) out of 100 possible points in phase

I, to 70.40 (+ 6.78) in phase 2. Although this decrease seems large, the difference

between the 2 groups was not statistically significant (P= 0.86).

The scores pertaining to usability and learnability sub-scales were determined and are

given in Table 11.

Table 11. Comparison of SUS Sub-Scales of Learnability and Usability of First
and Second Usability Testing Iteration

SUS Item # Sub-Scale Round 1 Mean (SD) | Round 2 Mean (SD) | P Value
1,4 Learnability 3.57 (SD=1.72) 3.16 (SD=1.34) 0.78
2,3,5,6,7,8,9,10 Usability 3.16 (SD=1.40) 2.73 (SD=1.06) 0.69

Both sub-scales of learnability and usability of SUS decreased in the second round of

usability testing. The 2 rounds were conducted using different groups of clinicians, which

could account for some of the differences in scores.
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4.6 Timing Data

In each of the usability testing rounds, not all of the participants could finish all three
patient case scenarios because of time constraints. However, every participant finished at
least 2 patient case scenarios. Additionally, timing for each scenario was difficult because
different participants performed the subtasks in different orders at various stages in the

workflow. Therefore, only the total time to do each task was calculated.

Participants spent an average of 7:56 minutes working with Pain Assistant in the first
testing round, and 7:28 minutes in the second usability testing iteration. Time to complete

each patient case scenario varied (Table 12).

Table 12. Comparison of Total Time Taken for Completing Task Scenarios

Case Scenario Round One Mean minutes Round Two Mean minutes | P value
(SD, number of completed (SD, number of completed
scenarios) scenarios)

Medication refill 7:48 (SD=4.50, n=5) 7:18 (SD=3.40, n=5) 0.79
Diagnosis of CLBP 8:06 (SD=3.01, n=6) 7:43 (SD=1.81, n=6) 0.83
Visit for 7:33 (SD=4.10, n=7) 7,25 (SD=3.30, n=5) 0.87
neuropathic pain

Average of all three 7:56 (SD=3.70, n=18) 7:28 (SD= 2.86, n=16) 0.86
tasks

In both iterations, participants spent more than 7 minutes to complete each patient case
scenario. There was no statistically significant difference between the times needed to
complete each patient case scenario in the both iterations. Partly because of low numbers
analysis showed no statistically significant difference between times needed to complete

case scenarios.
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4.7 Preference Data

One standalone question asked of all the participants was about their preference for the

format of the CPGs. An overall comparison of users’ preference about format of CPGs is

given below in Table 13.

Table 13. Participants’ Preference on the Format of CPGs

Would prefer to use guidelines
for neuropathic and lower back
pain in paper format

Would prefer to use guidelines
for neuropathic and lower back
pain in electronic format

Family Physician (n=6) 0 6
Nurse Practitioner (n=5) 2 3
Residents (n=2) 0 2

Among all 13 participants, only 2 nurse practitioners preferred to have the CPGs in paper

format. The rest of the participants preferred the CPGs in an electronic format.
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5 Discussion

The present study was conducted to evaluate the usability of a prototype of Pain
Assistant, a CDSS being developed at McMaster University, Department of Family
Medicine, to assist PCPs in assessment and treatment of chronic lower back and
neuropathic pain. As part of the study, two rounds of usability testing were done
employing Think Aloud usability protocols(24) as well as SUS scores(71). Think Aloud
protocols were selected as they are the most widely used methods of usability testing for
the prototype of the applications or applications in the development cycle.(64;69) Results
of this study provided important pointers in identifying major barriers and facilitators in

usability of the prototype of Pain Assistant.

Using Think Aloud usability testing with PCPs who were unfamiliar with Pain Assistant,
we found problems with a) content, b) user interface c) systemic features and d) technical
aspects. Some of the issues were resolved by changes being made to the system design for
the second testing phase. Despite the difficulties PCPs encountered, they had many
positive comments about the system. Task completion time and system usability scores

were also calculated.

In the first iteration, 45% of all the barriers were pertaining to the user interface, while in
the second iteration, barriers related to content of Pain Assistant with 42% of the

comments were predominant. The decrease in percentage of user interface problems
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between the first and second iterations could be interpreted as due to improvements in

system design.

The terminology used in the Pain Assistant was a significant barrier for participants;
which could be because of ambiguity of the titles for some resources. This finding is
consistent with that of Saleem et al, who reported that the terminology used in a clinical
reminder as a user interface barrier identified by clinicians.(87) We attempted to reduce
the unclear titles during development for the second phase of testing. Our second testing

cycle demonstrated that this issue was largely resolved.

Participants in both iterations stated that navigation of imbedded tools was not easy. This
finding was in agreement with findings of Graham et al(86) who found that participants
had difficulties in navigating the system. In this study the usability of a web-based CDSS
designed to help emergency physicians in prescribing medications for pneumonia was
tested. Fifty seven percent of all the barriers in this study were in regards to navigational
problems of the CDSS.(86) In this thesis, we attempted to resolve the system navigation
issue by adding tabs to the Pain Assistant to divide the tools evenly into different tabs.
However, because of the time constraints, this feature could not be implemented for the
second iteration of testing. Similar to our results, other studies have also demonstrated
that allocating items under different tabs can be an effective way to reduce the clutter on

pages and lead to easier navigation of the system.(74;86)
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Participants reported an overwhelming amount of text on the screen. This problem seems
to be a common challenge in user interface design of the CDSS, as the main objective of
development of any CDSS is providing supportive information to the care provider.(88)
The strategy to resolve this obstacle involved making an abstract of the text visible and
the rest of the text to be hidden under an expandable field. The same strategy was selected
to elucidate the problem of a long list of questionnaires in clinical encounter guides.
Participants were provided with the option to expand and collapse the questionnaires. The
results of other studies also have demonstrated these strategies as helpful methods to

reduce the amount of text on the screen and organize the pages better.(76;88)

The organization of the measures was emphasized more in the second round of testing.
Participants wanted to have frequently used tools (e.g. BPI® and other patient specific
measures) to be visible on top of the page, rather than having blood pressure, height and
weight which were at the top of the page at the time. These comments helped to clarify
the detail and level of the information presented on the first page. This finding is
consistent with that of a study which tested usability of an opioid management CDSS.(75)
The study reported that participants had difficulties in recognizing and locating specific
information. Another solution presented in the Trafton et al. Study was to highlight

specific information.(75)

The results of testing the usability of the Pain Assistant exhibited issues with content.
These issues were the most predominant problems in system design of the Pain Assistant.

Similar content barriers were reported in both the rounds of usability testing, because no
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changes were implemented in these problematic areas between iterations, owing to time
and technical constraints. Presentation of the history of the pain, inconsistency in the
medication list and missed information on the medication list were seen as consistent

issues in both iterations.

Participants reported the same problems in the medication module of the Pain Assistant in
both testing iterations. Comments identified problems with basic issues such as lacking
date and dosage of the prescribed medication were impeding the usability of the CDSS.
To resolve the issue some changes need to take place in the medication module as it is
one of the most important aspects of pain management. This finding is in agreement with
results of study of Graham et al.(86) that showed that poor usability of a web-based
medication CDSS has the potential to end in mistakes in medication prescription. Five
serious medication prescription issues were occurred during the course of testing as the
result of poor usability of medication CDSS.(86) Therefore, this issue should be

prioritized in next iterations of system revisions.

The finding of this study revealed some systematic barriers in using the Pain Assistant
CDSS in the chronic pain visit. Participants stated that following all the CDSS
recommendations is very time consuming. This systematic issue could not be resolved
with changes in the system design of Pain Assistant, as the following CPG
recommendations in practice takes time and the clinical visit time in primary care is
usually limited to a 15 minute appointment. Results of other studies also highlighted that

while CDSSs are beneficial applications to implement CPGs into clinical practice, their
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main burden is that following all the CDSS recommendations consume time that may

need to be used for other clinical activities.(75;89)

Another barrier in terms of content was the lack of the participants’ knowledge regarding
the pain screening tools. This concern came up in both iterations of testing and confirmed
that PCPs need the support of the CDSS in chronic pain management. Explanations of the
tools were added to them to help participants have a better understanding of the purpose
and use of the imbedded tools. In the second iteration, participants found this added
information very helpful to recognize the purpose and usage of the measurements. One of
the main objectives of the CDSS was to serve as a self-learning tool. The results of this
study were in alignment with the results of a study that evaluated the effect of CDSS
recommendations for PCPs in improving depression care. Their CDSS was shown to be

an effective self-learning tool for PCPs.(90)

Participants also articulated the convenience of pain screening tools and fitting into
workflow as key positive attributes of the Pain Assistant, a finding that echoes the
previous research.(61;75) Participants also cited as benefits easier documentation of pain
care and suggestions on medications as strong facilitators of the system. In addition to
liking the convenience of the system, participants liked the added feature of explanation
of the tools. Knowing about the imbedded tools is very important to care providers and

will likely play a positive role in uptake of the Pain Assistant.
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System design changes between iterations seemed successful, as in the second iteration
more comments were regarding the content and tools than user interface. It is likely that
the Pain Assistant could help to increase clinicians’ knowledge regarding chronic pain

management.

Participant’s satisfaction score of system usability was measured by SUS in both usability
iterations. SUS scores above 68 are considered above the average.(72) The SUS scores
were above average in both the rounds implying satisfaction with the system. The average
SUS score in the first round of testing was 81 versus 70 in the second iteration (no
statistically significant difference in scores). However, although it was expected to see an
increase in SUS after changes in system design, this measure decreased non-significantly
in the second usability testing iteration. One explanation for the observed decrease in SUS
score could be that some critical changes were not made to the system, so the same issues
came up in both iterations. Also the decrease in SUS score could be attributed to have
participants with less technological proficiency in second round as a new group of
clinicians participated in the second iteration. This non-significant difference is likely
attributable to the small sample sizes as well. The results of this study may not be
generalizable due to the small number of participants with diverse clinical backgrounds
and differences in computer skills. The mean learnability and usability sub-factor sores in
the second iteration declined. This sub score presents the ease of learning and using the
system and scales for values range from O to 4, where 4 represents the most positive
response.(72) The mean of learnability scores in the first and second iterations were 3.57

and 3.16 respectively. The mean of usability scores were 3.16 and 2.73 correspondingly.
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Pain Assistant was perceived as a more learnable than usable system in both iterations,

however these differences were not statistically significant.

The mean of task completion time for all three case scenarios was over seven minutes in
both iterations. However the task completion time decreased in the second round of
testing; the changes were not statically significant. No other similar study could be found
which reported task completion time by care providers. It was assumed that identical
calculated times were due to participants being observed and followed completing the
requested list of tasks in a research setting. Furthermore, during the usability test,
participants were requested to Think Aloud about the Pain Assistant and often asked
questions as they worked through the task. This created challenges with interpreting
timing of each task and subtask. Efforts were made to only include time used interacting
with the CDSS. Further studies of task completion time for each task during actual use of
Pain Assistant may help to clarify this issue. Another explanation could be that an
inadequate number of changes to system design were made before the second iteration of
testing. Despite the fact that the changes that were made to the system could potentially
resolve the correspondent barrier, the number of changes were not sufficient to

demonstrate a difference between SUS scores and time to complete tasks.

Participants preferred the CLBP and neuropathic pain CPGs implemented into practice in
electronic rather than paper format. Only nurse practitioners preferred paper based
guidelines over any electronic format. One explanation for this preference is that nurse

practitioners usually do not assess patients with chronic pain and do not prescribe opioids.
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Therefore, they will not need to use the CDSS as a means of decision support as often as
other clinicians will. This finding is in disagreement with a study that questioned
residents and medical students’ regarding their preference for syncope clinical guidelines
in paper format or on mobile applications.(91) The study reported that the majority of

participants preferred CPGs in paper formats.

5.1 Limitations

There were a number of limitations to this study. This study was limited to two rounds of

testing with a small number of participants.

We also noted that having different participants for each round of usability testing could
be perceived as both a strength and weakness. This sampling methodology decreased the
potential for biased comments regarding Pain Assistant problems. On the other hand, it
raised the concern that it is not feasible to follow up on issues after implementing changes

based on feedback from the first iteration with different participants.

This study was also limited in terms of the short period of time elapsed during the
development process of the Pain Assistant between iterations of testing. Since there was a
short time window between two iterations of usability testing, not all the barriers that
came up in the first round of testing could be resolved before the second iteration of
usability testing. Additionally, because the application was running on a live demo server,
even some already implemented changes were not available to participants in the second

iteration.
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5.2 Future Work

A more advanced study of usability of the Pain Assistant with all the changes made to the
system design could be an expansion to this study. One other round of usability testing
may facilitate a better understanding of the usability issues after further system redesign
and may also allow a SUS during a pilot study with a larger number of end-users and

more time to work with the system.

The presented research used Think Aloud usability testing protocols as the main usability
methods. Further studies could also use heuristic evaluations simultaneously with the
Think Aloud method to include heuristics of usability in the system design process.

Usability heuristics are 10 general principles for interface design.(23;67)

Additionally, a greater time frame between two iterations would allow the programming
team to try to resolve more issues or implement changes before the next iteration of
testing. Again, changes should be made to the system design to resolve most frequent

barriers before the next round of testing.

This study tried involvement of Software developers and a business analysis team in both
iterations of usability testing of Pain Assistant. Involvement of software developers and a
business analysis team helped to have an elaborated direct understanding of the problems
faced by end-users. Using this methodology allowed the software development team to

make system revisions in collaboration with end-users.
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5.3 Conclusion

CDSSs for chronic diseases are becoming popular in primary care settings. The objective
of this study was to test the usability of a CDSS for chronic pain management, the Pain
Assistant. This study showed that iterative usability testing of the CDSS with
participation of real-end users has the potential to uncover usability issues of the Pain
Assistant during the system design and development cycle. Although changes to the
system design were successful in resolving user interface problems since the changed
issues did not come up again in second round. But not enough changes were made to
system design for the second round of usability testing to be able to demonstrate
improvement in system usability (for example significant increase in SUS score or
significant decrease in task completion time). Moreover, content played an important role
in the usability of tools that are providing new knowledge. The usability testing with
PCPs revealed that the Pain Assistant had an above the average usability score and was
considered as a learnable and usable system. Further studies are needed to determine the

effect of changes to system design of Pain Assistant.
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Appendix A: Case Scenarios
Scenario 1: I just need my meds refilled please.

You have not met this woman before, but she is booked with you because your colleague
is away. You do not have the patient with you for this exercise, you only have her chart.
(This chart has been opened on a demo server so you can click and add anything you
want without this being saved to the real chart.)

The patient walks into the clinic with a walker and from the look on her face you suspect
she is quite uncomfortable. She tells you she has had pain for many years since an
accident. Her medications are all running out and she just needs a refill. She has an
appointment with her regular physician in 2 weeks to discuss doing some new tests and
really does not want to waste your time with this today.

Task:

Complete the following tasks using Pain Assistant.

Please think out loud. Explain to the observer what you are looking for, what you are
doing, and what you are thinking about as you use each feature of the Pain Assistant in
Health Tracker.

Review history of the pain.

Review the medications list.

Locate opioid manager in Pain Assistant.

Locate narcotic note.

Locate narcotic contract in Pain Assistant.

Write prescription.

Any other tasks you would typically do for this patient.

NNk W=
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Scenario 2: I have a new back pain.

This man is not your patient, but comes to you because his doctor is away. You do not
have the patient with you for this exercise. You do not have the patient with you for this
exercise, you only have his chart. (This chart has been opened on a demo server so you
can click and add anything you want without this being saved to the real chart.)

He tells you he has had back pain for 8 weeks, since he pulled on a heavy lever on a
machine at work. He has continued to work with increasing difficulty, and the pain in his
back is now in his left leg as well.

Task:

Complete the following tasks using Pain Assistant.

Explain to the observer what you are looking for, what you are doing, and what you are
thinking about as you use each feature of the Pain Assistant in Health Tracker.

1. Review history of the pain.

. Review medications list.

Use the low back pain encounter guide.
a. Complete Red Flags. (use make up responses)
b. Complete PTSD.

Locate WSIB forms.

Prescribe medications.

Give handouts to the patient.

Any other tasks you would typically do for this patient.

SO RS
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Scenario 3: My feet hurt.

This man is not your patient, but comes to you because his doctor is away. You do not
have the patient with you for this exercise. You only have his chart. (This chart is opened
on a demo server so you can click and add anything you want without this being saved to
the real chart.)

He tells you that both of his feet hurt and he wonders if there is anything he can do about
this. He wonders if it might be related to his diabetes, but whatever it is, he wants to have
something to help the pain.

Task:

Complete the following tasks using Pain Assistant.

Explain to the observer what you are looking for, what you are doing, and what you are
thinking about as you use each feature of the Pain Assistant in Health Tracker.

[a—

Review history of the pain.

Review medications list.

3. Use the neuropathic encounter guide in Pain Assistant.
a. Fill BPI (use make up responses)
b. Fill DN4

Prescribe medications.

Give handouts to the patient.

Any other tasks you would typically do for this patient.

N
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Appendix B: Observation Notes

Scenario 1 observer notes

Time to complete the task.

Subtask

Done

Comments from observation or prompting

Found date last prescription
written for opioids and
whether the meds are due

Used opioid manager

Calculated morphine
equivalent dose.

Looked for narcotic note.

Looked for narcotic contract.

Looked for diagnosis of the
pain.

Looked for any problems or
side effects with opioids the
patient has been taking.

Used questionnaires in pain
assistant. (which ones)

Looked for co-morbidities
(eg depression, anxiety, sleep
trouble) in CPP or chart notes

Wrote prescription.

Gave patient info

Others:
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Scenario 2 observer notes Time to complete the task.
Subtask Done | Comments from observation or prompting
Used red flag tool
Used yellow flag tool

Looked for past history of
pain diagnosis.

Looked for past back
imaging.

Looked for past WSIB forms.

Looked for a new WSIB form
to complete.

Looked for current meds.

Found resources for patient.

Used encounter guide
questionnaires (which ones)

Used info about prescribing
meds.

Gave patient info.

Others:

86



M.Sc. Thesis- R. Malaeekeh; McMaster University- Faculty of Health Sciences - eHealth

Scenario 3 Observer notes

Time to complete the task.

Subtask

Done

Comments from observation or prompting

Looked for past history of DM
and details of DM control.

Looked for medications.

Could find a past history of
pain diagnosis.

Used DN4 questionnaire

Used other questionnaires

Used opioid manager

Looked for information to
give to patient

Used info about prescribing
meds.

Gave patient info.

Other:

Comments:
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Appendix C: System Usability Scale

Instructions: Please mark the response that best captures your agreement with each statement.

Strongly Strongly
di Di Neutral A
1. I think that [ would like to use this | S | S | co | e | - |
system frequently 1 2 3 4 5
2. I found the system unnecessarily | | | | | |
complex 1 2 3 4 5
3. I thought the system was easy to use | | | | | |
1 2 3 4 5
4.1 think that I would need the support | |
of a technical person to be able to use 1 > 3 2 z
this system
5. I found the various functions in this | | [ [ [ |
system were well integrated 1 2 3 4 5
6. 1 thought there was too much | | | | | |
inconsistency in this system 1 2 3 4 5
7. 1 would imagine that most people | | | | | |
would learn to use this system very 1 2 3 4 5
auieldy | | | | | |
8. I found the system very cumbersome 1 2 3 4 >
t
o use entut | | | | | |
9.1 felt very confident using the system 1 2 3 4 5
10. I needed to learn a lot of things | | | | | |
before 1 could get going with this 1 2 3 4 5

system
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Appendix D: User Preference Questionnaire

Please answer the following questions:

1-

What is your role in patient care?
[0 Family Physician
I Nurse Practitioner
O Resident
I Other (please explain):

Do you currently access guidelines for neuropathic pain in paper format?

o Yes o No
Do you currently access guidelines for neuropathic pain electronically on a
website?

O Yes o No
Do you currently access guidelines for low back pain either in paper format?

o Yes o No
Do you currently access guidelines for low back pain either electronically on
a website?

o Yes o No

If yes, would you prefer to use:

Neuropathic pain
0 Electronic within the McMaster Pain Assistant
0 Stay with my usual access to the CPG

Low back pain
0 Electronic within the McMaster Pain Assistant

0 Stay with my usual access to the CPG

89



Appendix E: Debrief Guide

McMaster Pain Study, Usability testing
The debriefing topic guide:

1. How did you feel about the tone of the CDSS? did you find it easy to use?

2. Do you see yourself using this CDSS? (if no, what made them not to use)

3. A) What did you like best?

B) What did you like least?

4. What are the additional features that would make this CDSS more useful for you? What
were the features you think should be presented differently?

5. What was missing from the CDSS?
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