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��������	� Patient-centeredness is an important concept in diabetes treatment. We 
modified Nielsen’s expert heuristic evaluation method addressing common gaps: 
a patient perspective and variability in findings. Two expert, dual-domain
evaluators referred to validated patient profiles (mild, moderate, severe diabetes) 
when conducting uniform evaluation processes on a diabetes mHealth system. 
Evaluators found 103 usability problems and 224 heuristic violations. For 69 
% of the problems, the profiles had an effect on severity ratings. “Consistency
and Standards” (n=57) and “Match between the System and Real World” (n=55) 
violations dominated at 50%. The overall system severity rating was major. 
Severity was highest for a severe diabetic profile due to likely visual issues 
(crowded elements), cognitive concerns (remembering many steps) and for 
insufficient medication information. Interrater reliability was respectable at
Kappa =0.67. Our novel evaluation method represents one way of improving on 
a usability expert technique making it more patient-centered with less individual 
evaluator variability.
Keywords. mHealth, diabetes, user-centered design, usability, heuristic evaluation, 
patient-centered evaluation

1. Introduction

About 29.1 million people in the U.S. suffer from diabetes [1] with over 90% having 
Type 2 diabetes [2]. About 95% of diabetes care is by the patients themselves [3] so self-
management support is paramount. More pointedly, the American Diabetes Association 
2015 standards indicate patient-centeredness should permeate all areas of disease and 
lifestyle management including team coordination [4, 5]. 

Patient-centeredness, or user-centeredness in informatics, is critical for the 
Information and Communication Technology (ICT) tools patients use. User-
centeredness is one of the main concepts of User Centered Design (UCD) that 
incorporates users throughout the development and evaluation process in the engineering 
and human-computer interaction disciplines [6]. Usability, also central to UCD, can be 
measured by several different methods. One of the most common is Heuristic Evaluation 
(HE), an expert-based inspection method developed by Nielsen and Molich [7]. HE 
focuses on assessments by usability experts but excludes actual users, one of its major 
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drawbacks [8, 9]. A second drawback is that individual evaluators’ expertise can vary 
considerably and result in variable study outcomes [10]. Our objective was to address 
these two gaps by using validated patient profiles in the expert-based heuristic evaluation 
process, having dual domain evaluators (usability experts and registered nurses) 
complete assessments and applying uniform HE evaluation processes. Users (patients) 
are not involved in HE. The novel method modifications presented can provide improved 
usability evaluations for contemporary expert-based techniques.

2. Methods

The diabetes system we tested is a commercially available mHealth system for diabetes 
self-management. It consists of a web portal and mobile phone solution. Patients enter 
values, such as glucose and blood pressures, using their mobile phone. They can track 
their medical progress, exercise, and medications on the web portal. After a review of 
validated diabetes instruments, we selected two applicable instruments for the patient 
profiles. These were descriptions from Grootenhuis et al.’s (1994) [11] Diabetes 
Symptoms Checklist (DSC-R) validated by Arbuckle et al. [12] that include
Psychological cognitive, Neuropathic sensoric, and Ophthalmologic changes [11, 12].
We based ICT proficiency categories on the Computer Proficiency Questionnaire (CPQ) 
developed/validated by Boot et al [13] and designed for individuals with a wide range of 
proficiencies [14]. Profiles were for mild, moderate and severe conditions (see Table 1).

Table 1 Patient profiles

Patient Profile 1 (Severity level 1) mild 
Diabetes related:  Visual acuity and sensoric abilities: good visual and sensoric capabilities. Cognitive 
ability: no difficulties in understanding, concentrating, ICT proficiency: high
Patient Profile 2 (Severity level 2) moderate 
Diabetes related: Visual acuity and sensoric abilities: more visual and sensoric difficulties. Cognitive 
ability: more difficulties in understanding, concentrating. ICT proficiency: medium
Patient Profile 3 (Severity level 3) severe 
Diabetes related: Visual acuity and sensoric abilities: low visual capability and major sensoric difficulties. 
Cognitive ability: major difficulties in understanding, concentrating. ICT proficiency: low

2.1. Evaluation Procedure

Each evaluator had the same materials to ensure consistency – a video on portal 
navigation, a manual of the specific tasks, Nielsen’s HE scale with severity ratings and 
the patient profiles. The evaluators used eight validated tasks to generate a list of usability 
problems. Sample tasks were viewing and locating glucose values on graphs, correcting 
values and viewing/exporting summary statements. Following Nielsen’s HE process, the 
evaluators assigned Nielsen’s 10 heuristics [15] to the identified usability problems. 
Problems were consolidated and discussed. A master list of all usability problems and 
heuristic evaluations was compiled and sent to each evaluator to determine severity 
ratings using the three patient profiles. For each usability problem, evaluators had to 
think about how the specific problem would affect someone with mild, moderate and
severe diabetes. Nielsen’s severity ratings were used: (0) not a usability problem, (1) 
cosmetic, (2) minor, (3) major, (4) catastrophic [15]. All ratings were averaged for each 
usability problem and the system as a whole. Percent agreement and interrater reliability 
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(IRR) Kappa were measured to determine the agreement on assigned severity ratings. 
Both measures are particularly fitting for assessing two evaluators and categorical 
variables to determine consistency. Plus, Kappa takes into account the estimated 
agreement beyond chance. 

3. Results

The heuristic evaluation resulted in a total of 103 usability problems and 224 heuristic 
violations. The usability problems by place of occurrence (view), number of heuristic 
violations and mean severity ratings are summarized in Figure 1.

Figure 1 Location frequency and averaged severity for usability problems and heuristic violations by place of 
occurrence

The Blood Pressure, Glucose Diary and Dashboard views had an almost equal 
number of usability problems at 18, 17 and 16 respectively and the highest number of 
heuristic violations at 40, 41 and 36. The severity rating for all views averaged 2.53 of 4 
(or major severity). The highest severity ratings by view were the Glucose Diary at 2.8, 
followed by the Medication Adherence, Dashboard and Blood pressure view at 2.6.

A set of 224 heuristic violations was identified. “Consistency and Standards” 
violations were 57 (25.4%) followed by “Match between the System and Real World” at 
55 (24.5%) or 50% combined. The highest number of violations/major issues was in the 
Dashboard and Blood Pressure views (11 each) followed by the Glucose Diary view (10) 
and Medication adherence view (7). Catastrophic severity ratings were most frequent in 
the Glucose Diary view and Medication Adherence with 3 and 2 problems respectively.

In 69% of the usability problems, the patient profiles had an obvious influence on 
severity ratings, meaning that the disease condition correlated with usability severity 
ratings. Sample issues in the Glucose values view included elements that were too 
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crowded. The visual changes in patients with severe diabetes would likely result in the 
values being difficult to distinguish and read. Cognitive considerations meant a patient 
would have to remember too many steps when editing and exporting data, including 
memorizing system quirks such as using the non-intuitive Delete button to export data. 
Other problems were in the Medication adherence view due to insufficient medication 
information. Rather than using discrete data, the product only indicated a percent of 
medications taken (50%, 75% or 100%, for instance).

The percent agreement was 82% (84 problems of 103 rated the same), an excellent 
agreement level. Using SPSS, Kappa was 0.67 (p <0.001) with a standard error (SE) of 
0.067, indicating a substantial agreement across the raters [16].

4. Discussion

Results of this evaluation indicated a substantial need for improving the usability of this 
mHealth system. Usability violations in “Consistency and Standards” and “Match 
between System and the Real World” comprised 50% of all violations. Severity ratings 
indicated major issues for individual views as well as the overall system. 

A majority of usability problems, 69%, were directly affected by the patient profiles, 
particularly where cognitive and visual changes might affect users’ interaction 
performance. The new profiles assisted usability experts in thinking about and painting 
a clearer picture of specific users in this evaluation. Using patient profiles represents a 
novel application of methods for HE. In particular, it introduces a beginning patient 
perspective in a method that would be devoid of any patient-centered considerations.

The profiles were an important influence on how usability problems were viewed 
by evaluators compared to traditional HE methods which leave it up to each evaluator to 
imagine how users might interact. The patient profiles assisted in making the evaluation 
process more uniform and possibly making results more comparable and reproducible. 
The latter are important because mHealth technology is increasingly being implemented 
in health care [17]. By combining the profiles with more standardized HE methods, we 
attempted to decrease the variability of results across evaluators. This was reflected in 
the high agreement percentage at 82% and good IRR score at Kappa = 0.67 [16].

4.1. Limitations and Future Research

The patient profiles described and used in this paper were based on evidence-based 
guidelines. However, we did make decisions about their content and delimiters, e.g., we 
predicted that patients with severe diabetes would likely have lower ICT capabilities due 
to visual and cognitive disease changes. It is possible that an individual patient with 
severe diabetes might instead have very good ICT skills. This is a limitation to the current 
work but necessary to develop a specific frame of reference for a beginning evaluation 
and to limit profile factors to a reasonable number. Future work in usability testing might 
assess the correlation between disease condition and ICT skills for more definitive data.

Future research could also focus on adding more dimensions to the patient profiles, 
more disease-related data, and a variety of ICT measures to obtain a wider variety of 
factors influencing patients in their mHealth interactions. For instance, age could be 
another dimension potentially making the systems even more difficult for these groups 
to use [18]. In this paper, we focused on disease progression but future researchers might 
add aging as an additional factor.
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4.2. Conclusion

Expert usability evaluation techniques can be improved. Our results showed that patient 
profiles allowed usability experts to consider disease conditions during a common
expert-based evaluation technique. Specific areas, such as medication views, had major 
and catastrophic issues for patients with severe disease conditions. Experts can anticipate 
that patients with more severe disease conditions may need improved support and 
different designs than patients with milder forms of the condition. The outlined 
modifications improve Nielsen’s HE methods through more standardized/uniform
methods, more consideration for specific users and less variability of results across 
evaluators.
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