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Abstract: Drug interactions are an important source of medical error and a topic of particular interest
to patient audiences. Patients must be informed to be able to participate in decision-making affecting
their health. This paper explores the availability of drug interaction checkers in Scandinavia and
the prevalence and characteristics of usability issues preventing patients from benefiting from them.
Drug interaction checkers were sampled and evaluated through heuristic evaluations. Issue-based
data were analyzed through descriptive statistics, as well as single-case and cross-case qualitative
analyses. The findings were interpreted side-by-side using a mixed-methods approach. The results
showed a multitude of usability issues. Catastrophic issues indicating the safety of dangerous
drug pairings were found in two of the checkers. Results also showed that the checkers lacked
adaptive design, patient-oriented content, and adherence to basic design principles. A positive
correlation was observed between system complexity and number of usability issues. We suggest that
this comes from a lack of systematic design approach. The market for Scandinavian drug interaction
checkers was as such characterized by a limited selection of checkers known to be used by patients
for their utility, but failing to accommodate them in terms of system quality.

Keywords: patient-oriented healthcare; drug interactions; usability; heuristic evaluation

1. Introduction

Medical error has been identified as a leading cause of avoidable harm [1,2], and patients outside
hospitals have been shown at particular risk of drug-related medical errors [3]. Failure to prescribe
necessary drugs, patients failing to adhere to drug treatment, or intoxication caused by drug interactions
are all examples of such errors. Many of these errors are preventable, and nearly half of all preventable
adverse drug effects have been shown to be serious enough to cause hospitalization. The errors
frequently occur in phases of prescribing or monitoring drug use. This highlights the importance of
safety interventions in these stages of outpatient care [2,3].

Drug interactions are when concurrent use of multiple drugs, a drug and a food, or a drug and
a beverage causes changes in the effects of a drug. Such changes may consist of the appearance of side
effects, or in the suppression of desirable effects. The likelihood of drug interactions increases with the
number of drugs taken. This also often correlates with age. Up to 7% of hospitalizations have been
shown attributable to drug interactions [4].

Polypharmacy means concurrent use of multiple drugs, which also applies to taking more than one
drug for a single condition. Increased use of drugs has important health benefits, but polypharmacy
increases risk of drug interactions. Astrand et al. [5] conducted a cross-sectional study of drug
prescriptions in Jamtland, Sweden, over a period of 30 years. They found a pronounced 61% increase
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in polypharmacy, and found the risk of potentially interacting drugs strongly correlated with this
increase. Hovstadius et al. [6] looked at the development of polypharmacy in a 4-year period between
2005 and 2008. Using the Swedish Prescribed Drug Register they were able to analyze data over
the entire Swedish population according to drugs prescribed per individual. Applying a definition
of polypharmacy as receiving five or more prescription drugs during a three-month period, and of
excessive polypharmacy as receiving ten or more drugs within the same period, they found an 8%
increase in polypharmacy, and a 16% increase in excessive polypharmacy. The study showed a steady
increase in polypharmacy, excessive polypharmacy, and drug use in general, in spite of the well-known
risks to patient health [6].

Lack of adherence to treatment is a frequent source of drug-related medical error. Non-hospitalized
patients have greater influence over their adherence to drug treatment, making them central in the
prevention of medical errors [3]. Patient-centered care and patient participation have been recognized
as important means of improving adherence, and have also been recognized as means of increasing
health-literacy and improving patient safety and satisfaction. When patients are able to self-manage their
symptoms, this leads to more efficient healthcare, and also improves the quality of life. Participation is
achieved by facilitating active engagement in decision-making. Achieving this requires that caregivers
respect patients” knowledge of their own bodies, and regard this knowledge as complementary to their
professional knowledge. Participation also requires empowering patients with the information and the
resources that enable them to participate [7].

Assuming a patient-centered perspective on drug treatment suggests exploring patient needs for
information regarding drugs. Kusch, Haefeli and Seidling [8] investigated patients’ desires for drug
information through a systematic literature review sourcing studies on patients’ drug information needs
as well as studies on patient inquiries to drug information services. Topics were identified, and their
frequency of occurrence was calculated. The results consistently showed adverse drug reactions
and drug-drug interactions as the most desired topics. Discussing their findings, Kusch et al. [8]
indicated the need for making drug information more accessible to patients. To do so, they suggested
building information databases based on patient-oriented topics, such as those identified by themselves.

In Scandinavia, much work has been undertaken to develop information systems for drug
information and drug interactions. Such systems help healthcare professionals navigate large and
constantly revised amounts of drug information. Bottiger et al. [9] discussed the Swedish Finnish
Interaction X-referencing database (SFINX), a predecessor of the current Janusmed [10], describing the
integration of its database with Swedish and Finnish healthcare systems to serve thousands of physicians
and pharmacists. A subsequent study [11] looked at the impact of SFINX in primary healthcare centers.
The study compared 15 centers where the SFINX system had been implemented with 5 centers where
it had not. The centers where the system had been implemented showed a significant reduction in
prescriptions leading to serious drug interactions [11].

Janusmed is today freely available as a web-based service. Although developed for a professional
audience, rumors caught the attention of Norby et al. [12] that pregnant women had also adopted the
site. This prompted them to investigate the pregnant women’s experiences of using the Drugs and
Birth Defects section of the service. The findings showed that 11% of the women were already familiar
with the service in advance of their participation in the study. They also reported using several other
information resources about drugs related to pregnancy. Some became more anxious from accessing the
content, but the vast majority found the information valuable and easy to understand. They also found
it to confirm and support information provided by healthcare professionals. Norby et al. went on
to suggest that communication and patient compliance might improve if patients and professionals
referred to the same sources [12].

mHealth is meanwhile emerging as a promising means of delivering patient-oriented healthcare
outside hospitals. mHealth is short for mobile healthcare, meaning the delivery of healthcare services
and information through mobile devices. The mobile platform allows flexible and ubiquitous access
to online and offline services and information. It therefore lends itself in particular to outpatient
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needs, and to individualized and patient-oriented services [13]. mHealth applications have been
found to have been implemented predominantly through experimentation with technology rather than
through strategic planning [14]. At the same time, these systems impact human lives on a large scale,
potentially reaching millions of users and directly affecting their health. Just as it is imperative that
information be accurate, it is also imperative that mHealth services not lead to user error, and thereby
to adverse health effects [13].

Usability in critical systems can be a matter of life or death. Nielsen [15] commented on
Koppel et al. [16], identifying 22 ways that automated hospital systems could result in the wrong
medication being dispensed to patients. Nielsen [15] identified most of the problems as well-known
usability issues that had been understood for decades. In a similar vein, Reolon et al. [13] showed that
studies on healthcare systems have found significant usability problems inviting a range of human
errors. These were found to have the potential to lead to injury or even death. Within mHealth they
likewise found a range of usability problems as well as a lack of user-centered design. They argued
that patient-oriented systems would likely be in particular need for usability due to a lack of training
as well as a significant proportion of elderly users.

Research Objective

Usability studies have begun to appear within eHealth and mHealth [13,15]. More recent
advances [17,18] have developed and validated instruments for self-reported usability. To some
extent, these have also been adopted in practice [19,20]. The usability testing that is needed to
collect self-reported metrics is, however, known to be resource intensive. Heuristic evaluations
have meanwhile proven to be particularly cost-efficient in driving the design improvement [21].
Research on the use of heuristic evaluations within mHealth shows papers on the topic to be sparse [13].
Adam and Vang [22], meanwhile, conducted an expert-based checklist evaluation on drug-drug
interaction websites, measuring information capacity, patient usability and readability. No studies
appear to have been conducted specifically on the quality of user interfaces in terms of usability for
patient-oriented drug interaction checkers. The objective of this paper has therefore been to explore
the prevalence and characteristics of usability issues facing patients using publicly available drug
interaction checkers in the Scandinavian market. This was conducted to facilitate future improvements
to this emerging market, and to raise awareness of the usability issues users face today.

Two research questions have guided the study:

1.  What drug interaction checkers are available to the Scandinavian public today?
2. What is the prevalence and characteristics of usability problems in these checkers?

We delimited the context of exploration to the Scandinavian market in order to facilitate relevant
and actionable insights. We also delimited it to drug interaction checkers accessible on mobile platform
in order to appreciate the promise of mHealth for patient-oriented and outpatient uses. We did so also
to stress usability requirements, seeing that mobile platforms place additional demands on usability.

2. Related Work

Patient-centered healthcare aims to empower patients and involve them in decision-making.
This has been shown to lead to better engagement and adherence to treatment, causing better health
outcomes. Allowing patients to participate requires informing them according to their own abilities
and needs. As a means of promoting patient-centered healthcare, Kusch, Haefeli, and Seidling [8]
conducted a scoping review in order to investigate patients’ desires for drug information beyond that
most basic and mandatory to be able to conduct drug treatment. This was done through a literature
review sourcing studies on patient inquiries to drug information services, in addition to qualitative
studies on patients’ needs for drug information. Topics were independently extracted from the two
sets of studies and subsequently integrated in a coherent set of topics. Frequency of occurrence
was determined for each topic, and further analyses were conducted to assess the potential for
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individualization of the most frequent topics. Both sets of studies showed predominant interest in
safety-related topics, with adverse drug reactions and drug—drug interactions figuring as the most
frequent topics regardless of country, setting, or study design. Discussing the results, Kusch et al. [8]
highlighted the diversity and nuances of information about adverse drug reactions and drug—drug
interactions and how this suggests the need for individualization. There are for example patients
whose adherence to drug therapy declines with the mere mention of adverse drug reactions, but there
are also patients demanding every piece of information regardless of likelihood of occurrence.
Kusch et al. [8] suggested the need for making drug information accessible and individualized for
patients. Generating drug information databases based on patient-oriented topics was suggested as
an initial step. They added that extensive research has been done on system quality of professional
drug-drug interaction checkers, but that little has been done on similar checkers directed at patients [8].

Adam and Vang [22] conducted evaluations of content and patient usability in patient-oriented
drug-drug interaction websites. This was done to investigate whether information on publicly
available websites was valid and accurate, and to evaluate the capacity of the websites to address
laypersons. Information capacity, patient usability and readability were assessed using an expert-based
approach with grading scales. Websites with drug—-drug interaction checkers were sampled using
the Google search engine supplemented by suggestions from clinical practitioners. Sites had to be
freely available without payment, and had to provide drug—drug interaction checking functionality
capable of identifying the drugs applied in testing. Sites in languages other than English were excluded.
Information capacity was assessed using a grading scale awarding one point for the presence of each
of the features of alert for drug-drug, drug-food, and drug-alcohol interactions, presence of severity
grading, and therapeutic duplication. Patient usability was assessed based on the presence of alert
icons, color coding, severity rating scale, medication pick list, and the ability to store a profile account.
Patient readability was assessed using the Flesch—Kincaid grading model, as well as the Flesch Reading
Ease score [22]. The results showed that the majority of websites were not optimally patient-oriented
due to poor information capacity and limited readability. The authors found many features missing
in many of the checkers, and found information difficult to interpret. Half of the websites did not
provide any severity ratings, while those that did, demonstrated substantial variations [22]. Adam and
Vang [22] recognized a lack of validation of the grading scales applied. They also recognized the lack
of patient involvement, pointing to practical problems of involving patients with their actual drug
regimens. In conclusion, they found that further research is necessary to improve patient-oriented
drug-drug interaction information systems [22].

Highlighting heuristic evaluations for their cost-efficiency, Reolon et al. [13] investigated the
state of the art of heuristics-based usability studies in mHealth. They argued the need for adapting
sets of heuristics both for mobile platform and for the domain of healthcare, aiming to investigate
to what extent such adaptations have been made. They conducted a systematic literature review of
articles published between 2007 and 2014 mentioning heuristic evaluation of mHealth applications.
Applying their selection criteria on title, keywords and abstract, and then through full-text analyses,
it reduced results to only seven articles, showing a need for more research on the topic. Contrary to
expectations, the results showed studies predominantly applying traditional heuristics, such as those
of Nielsen [23]. Four out of seven studies applied them as-is or only lightly modified. Only one study
applied heuristics adapted specifically for the mHealth context [24], while another two applied Nielsen’s
heuristics adapted for mobile context [25]. Analyses of the heuristics applied showed considerable
similarities converging on Nielsen’s heuristics, suggesting these to be sufficiently generic to cover
usability independently of device or application. A tendency was, at the same time, identified towards
supplementing Nielsen’s heuristics with domain specific or platform specific ones [13].

3. Materials and Methods

To attain reliable and valid results, we referred to frameworks for planning and conducting
usability studies [26-28]. The scope of this paper was to investigate user interface-related usability as
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experienced by a general public of laypersons. Following from the research objective, our aim was not
to assess drug interaction checkers according to any benchmark or predefined goal, nor to generate
any kind of ranking. Rather, we wished to provide an explorative account indicating actionable areas
for improvement. Even if the checkers evaluated were publicly released, the market as a whole was
considered immature. Evaluations were as such formative with the goal of driving design improvement.
Issue-based metrics, meaning qualitative and quantitative data based on the detection of usability
problems, were applied to support problem discovery and comparison of alternative designs [26].
Performance metrics and self-reported metrics were ruled out because these depend on user testing.
User testing across multiple systems would require significant recruitment to avoid the risk of learning
effects. Involving representative users with their personal drug regimens would also pose both practical
and ethical challenges surpassing the scope of this paper.

As is commonly recommended in usability studies, we chose a mixed-methods approach,
collecting both quantitative and qualitative data based on heuristic evaluations. These were integrated
through analyses for triangulation and enhanced understanding of usability problems faced by
users [29]. The specific design chosen was that of convergent mixed methods, gathering both
qualitative and quantitative data for independent analysis and subsequent side-by-side interpretation.
Single-case analyses were conducted to identify themes of usability issues within each checker,
and cross-case analyses were done to shed light on themes common for the Scandinavian context of
drug interaction checkers. Both served the purpose of generating actionable insights for developers
and decision makers. The study design is illustrated in Figure 1 below.

Qualitative Data Collection | N Quantitative Data Collection
Heuristic Evaluations Derivative Issue-Based Metrics

|
< )

Single Case Cross-Case Quantitative
Qualitative Analysis Qualitative Analysis Descriptive Statistics
y

Side-by-Side Comparison &
Interpretation

Figure 1. Model of the convergent mixed-methods study design.

3.1. Sampling of Drug Interaction Checkers

We performed a sampling to answer the first research question of which interaction checkers are
available to the Scandinavian public today. To identify publicly available drug information systems
likely encountered by patients, we identified the current leading health category websites for each
country of Denmark, Norway, and Sweden. These were used to find popular matches using the
Similarsites.com website similarity service [30]. Websites providing a match of more than 80% similarity
to the sites based on category, content, word usage, and search terms were selected. The results were
supplemented by websites suggested by clinical practitioners in these three countries. We then applied
several exclusion criteria. The drug interaction checkers had to be freely available to the public and had
to be aimed at Scandinavian audiences. In order to know which websites fit the criteria, we examined
each website’s main page for information about drug interactions. We then queried the website’s
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internal search for the terms “interaction” and “drug interaction” in the local language. Results were
then reviewed for resources on drug—drug interactions.

3.2. Heuristic Evaluations

Having identified available drug interaction checkers, we evaluated these according to the method
of heuristic evaluation [28,31]. To accommodate different task flows across checkers, we defined tasks
in terms of end-goals rather than specified steps. The three tasks applied are presented in Table 1.

Table 1. Goal-oriented tasks applied in heuristic evaluations.

Task No. Description

Task 1 Find out whether drug X and drug Y produce adverse interactions.
Find out which adverse reactions drug X may produce.
Task 2 . . .
(i.e., with or without any other drug or substance.)
Find out which adverse drug interactions a patient is exposed to, based on a

Task3 list of multiple drugs.

The drug pairings applied for the tasks were adapted from Adam and Vang [22], who identified
five clinically significant drug—drug interaction pairs with a broad coverage of key therapeutic areas.
We consulted a medical practitioner to confirm the relevance of the drug pairings for Scandinavian
contexts, as well as to provide an additional, clinically non-significant pairing to allow testing of use
cases with non-interacting drugs. Task 1 was to be performed with each of the drug pairings. Task 2
was performed with only the drugs from the first column (Drug X). Task 3 was performed using all
drugs in combination, as well as using only Pair 6 for use case testing scenarios of no interaction.
There were thus six variations for Tasks 1 and 2, and two variations for Task 3, adding up to 14 tasks.
The pairings are presented in Table 2.

Table 2. Drug pairs applied in evaluated tasks.

Pair No. Drug X DrugY
Pair 1: Simvastatin Itraconazole
Pair 2: Warfarin Gemfibrozil
Pair 3: Levothyroxine Warfarin
Pair 4: Fluoxetine Selegiline
Pair 5: Selegiline Phenelzine
Pair 6: Cholecalciferol Paracetamol

Although tailoring the set of heuristics applied is often recommended [27,28], we found the
mHealth heuristics developed by Monkman and Kushniruk [24] too restrictive and specific for efficient
application as mnemonic devices. We preferred instead the heuristics of Nielsen presented in Table 3.

Table 3. Nielsen’s Usability Heuristics, based on Nielsen [23].

Identifier Description
H1 Visibility of System Status
H2 Match Between System and the Real World
H3 User Control and Freedom
H4 Consistency and Standards
H5 Error Prevention
Heo Recognition Rather than Recall
H7 Flexibility and Efficiency of Use
H8 Aesthetic and Minimalist Design
H9 Help Users Recognize, Diagnose, and Recover from Errors

H10 Help and Documentation
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The drug interaction checkers were evaluated independently by each evaluator in randomized
order. The tasks were executed while inspecting the interface step by step. Evaluations were conducted
using the personal smartphones of the evaluators, one of which was an iPhone XS, and the other an
iPhone XR. One evaluator was using the native Safari browser, while the other used the Chrome browser.
Durations of sessions were limited to a daily maximum of four hours to prevent results being affected
by fatigue. Usability issues were recorded in a table, along with screenshots identifying the location of
the issue. Severity ratings were given upon completion of all tasks for a given system, rather than
issue-by-issue to contribute to coherent ratings. The scheme for severity ratings followed Nielsen [32],
as described in Table 4.

Table 4. Scheme of severity rating applied, following Nielsen [32].

Rating Description

0 I don’t agree that this is a usability problem at all.

1 Cosmetic problem only: need not be fixed unless
extra time is available.

2 Minor usability problem: fixing this should be given
low priority.

3 Major usability problem: important to fix, so should
be given high priority.

4 Usability catastrophe: imperative to fix this before

product can be released.

Upon having evaluated each system by each task, the evaluators independently reviewed the data
across all systems to ensure consistency of records, mappings to heuristics, and severity ratings. By way
of researcher triangulation, the evaluators then met over two sessions to discuss the issues identified
to consolidate duplicates and to come to agreement on description, severity ratings and mappings
to heuristics for each issue. An explicit evaluation protocol was shared between the evaluators to
be kept at hand during evaluations in order to ensure uniform procedures. The evaluation protocol
included the set of heuristics applied along with a short description of these as well as a table for
recording usability issues according to predefined variables such as system name, task, description,
applicable heuristics, screenshot, and severity assessment.

3.3. Quantitative Analysis

Initial analyses were performed using quantitative descriptive statistics for detection of patterns
in the issue-based data. The analyses were based on the number of issues and their association to
heuristics. We calculated the number and proportion of issues by severity rating for each system
individually, as well as across all systems. The number and proportion of issues by heuristic applied
was likewise calculated for single-case and cross-case analysis. Finally, the likelihood of an evaluator
detecting an individual issue was calculated as a means of indicating the reliability of the findings.
We used bar chart visualizations to facilitate identification of emergent patterns in the data.

3.4. Qualitative Analysis

The data were prepared through cleaning, coding, and sorting usability issues for qualitative
analyses. We coded issues by reading through all issues pertaining to each system, before reviewing
them again to categorize them according to the heuristic applied, as well as inductively by theme.
Themes were finally revised and merged, if necessary. Emergent patterns were identified, and results
were compiled as a narrative usability review for each system. Upon completion of single-case analyses,
we performed cross-case analyses by reviewing the findings of all systems. This was done once
for immersion and a second time for inductive coding and thematization. Categories were revised
for merging and emergent patterns across systems were identified. As with single-case analyses,
results were compiled as a cross-case narrative review.
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4. Overview of the Drug Interaction Checkers

The sampling of drug interaction checkers across the three Scandinavian countries of Denmark,
Norway and Sweden produced a result of six eligible services. Interaktionsdatabasen.dk was found
functionally identical to Medicinkombination.dk. To avoid redundancy in the evaluations, we included
only Medicinkombination.dk, serving patient-oriented content. The resulting five drug interaction
checkers are presented in Table 5.

Table 5. The drug interaction checkers sampled for the study.

Name URL
Janusmed https://janusmed.sll.se/
Interaksjoner.no https://www.interaksjoner.no/
Felleskatalogen.no https://www.felleskatalogen.no/m/medisin/interaksjon
Legemiddelsok.no https://www.legemiddelsok.no/sider/Interaksjoner.aspx
Medicinkombination.dk http://medicinkombination.dk/

As seen below, we generated simplified sitemaps to visualize the site structure and association to
internal and external resources. We also provide short summaries describing each service.

4.1. Janusmed

Janusmed is an integration of several knowledge and decision support systems provided by Region
Stockholm. It is offered both as a version integrated with the Swedish electronic medical record system,
and publicly as an online checker tool. The latter is associated with Janusinfo.se, the general drug
information resource provided by Region Stockholm. Janusmed consists of a number of subsystems,
four of which are integrated in the online checker: interactions, risk profile, effects on fetuses, and effects
on breastfeeding. All subsystems are accessed through an integrated search interface. This interface
provides result listings as a dynamic section of the page (Figure 2).

Janusinfo.se

| A | | e | : - |
Interaction Search Form | Result Listings Interaction Details |
Janusmed 0 (Section) | : (Section) | ': (Section) |
e e | [ I ______ | (B e |
» Op ing Status Subcontent pages H
T
T
| Latest Updates
D Page :__ } Section of Page
About Site & Drug 5 Multiple
e : [ | o
Interactions Main Page .__]I Grouped ltems
T
T

Figure 2. Sitemap for Janusinfo.se.

4.2. Interaksjoner.no

Interaksjoner.no was launched along with its Drug Information Database (DRUID) in 2000 through
a collaboration of researchers from the University of Oslo, Trondheim Regional Hospital, and Pfizer AS.
The database has since been acquired by the Norwegian Medicines Agency (NoMA) whose FEST
(Forskrivnings- og ekspedisjonsstette) database Interaksjoner.no utilizes today. Interaksjoner.no is
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owned by DIPS AS, a private company specializing in eHealth applications for Norwegian hospitals
and municipal healthcare providers. The drug interaction checker is a standalone website with a clear
and minimalist interface providing users with a text input area and basic form controls. Results are
listed on a separate page preserving the input form for iterative searches. Listings may be clicked for
further details of each drug interaction (Figure 3).

Drug Interaction
Database

) |
Interaction Search Form | Result Listings —| Interaction Details

Interaksjoner.no l (Section) |

D Page Il.__JI Section of Page
) Multiple
. MainPags Grouped Items
Figure 3. Sitemap for Interaksjoner.no.

4.3. Felleskatalogen.no

Felleskatalogen AS is a private company owned by the Association of the Pharmaceutical Industry
in Norway. Felleskatalogen is a reference work published by Felleskatalogen AS, providing medical
practitioners with comprehensive data on commercially available drug preparations in a handbook
format, and is today primarily delivered free of charge online. The accompanying drug interaction
checker is an integrated part of the website, accessible directly from the global navigation. Its content
is based on NoMA'’s FEST database. Searches are performed through free text input supported by
search suggestions. A selection of a search suggestion will populate a staging area on the page before
submitting the query. Results are provided dynamically on the page, and drug interaction details are
likewise expanded dynamically without traversing to new pages (Figure 4).

Felleskatalogen.no

I I |
Felleskatalogen.no { Interaction Search Form | | Result Listings N} Interaction Details |
Interaction Analysis (Section) | I (Section) | | (Section) |
_____________ I e e e | [ S |
T p——
| FKGlobal Navigation |
——————) andFreeTextSearch !
| (Section) !
PR e e |
1 About the
ol Interaction Checker o
D Page IL ,I Section of Page
| About Plant-Based | Main Page Multiple
‘) Drugsand Supplements | . 9 .__]l Grouped Items

(External) :

Figure 4. Sitemap for Felleskatalogen.no.

4.4. Legemiddelsok.no

The Norwegian Medicines Agency (NoMA) is the national regulatory authority supervising
medicines for the Norwegian market. It is responsible for providing medical practitioners as well as
the general public with necessary guidance for safe drug use. FEST is a drug information database
maintained by NoMA, targeting medical practitioners and pharmacists. It informs them using
comprehensive, quality-controlled, and continuously updated information about all prescription
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drugs on the Norwegian market. It is also integrated with electronic health record systems within
the Norwegian general practitioner system, municipal healthcare, and some Norwegian hospitals.
Access to the database is provided for third-party service providers, and the database provides the
basis for Interaksjoner.no, Felleskatalogen.no, and Legemiddelsok.no.

Legemiddelsok.no is NoMA’s own drug information system providing access to the FEST database.
Drug interactions is a subsection of the site. Its search form consists of two free text input fields with
controls for adding more fields, as well as submitting and resetting the form. Input fields are supported
by search suggestions. Submitting the form will list results on a new page and listings may be clicked
to retrieve detailed descriptions for each drug interaction on a new page. The search form is preserved
throughout, allowing iterative searches (Figure 5).

I
: Legemiddelverket.no |
| (External) |

Legemiddelsok.no

Legemiddelsok.no . o . .
Interactions Interaction Search Result Listings —> Interaction Details

| General Drug |
4 ion Search !
I (Section) !

F Asked
Questions

Al Drug Information I
vl by Topic
T o ¢
I:I Page l J Section of Page
Drug Information 1 A Multiple
— L P
by Alphabetic Order . Main Page .=|l Grouped ltems
1

Figure 5. Sitemap for Legemiddelsok.no.

4.5. Medicinkombination.dk

The Danish Medicines Agency (DKMA) is Denmark’s regulatory authority supervising medicines
for the Danish market. Interaktionsdatabasen.dk is a drug information database developed in
cooperation between the Association of Danish Pharmacies, the Danish Medical Association,
Dansk Legemiddel Information A/S, and the Danish Institute for Rational Pharmacotherapy.
DKMA acquired the database in 2003. Access and documentation are provided for third-party
integration, just like the Norwegian FEST database. In 2007, Medicinkombination.dk was launched
as a sister site to Interaktionsdatabasen.dk, with a separate content database targeting laypeople.
Its search interface is separated into two search forms: one for single-drug searches and another for
multi-drug searches. Both lead to a new page for result listings, which again leads to a new page
for detailed descriptions. As opposed to the other checkers described above, the search form is not
preserved across pages, requiring users to traverse the browser history for new searches (Figure 6).
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|
| Leegemiddelstyrelsen.dk |
| (External) |

| 5 |
Medicinkombination.dk Slngle(-sl.zcn:gn)Search : Result Listings —| Interaction Details

|
Multi-Drug Search |
(Section) |

|

D Page l_ -} Section of Page
Content About Site '"r[

| A Multiple
andDrl(Jsgegii:z;actlons I:l . Main Page Grouped Items

Figure 6. Sitemap for Medicinkombination.dk.

5. Results

This section presents empirical findings and analyses. Quantitative and qualitative analyses are
applied to the usability issues identified by the heuristic evaluations. Descriptive statistics are applied
to identify patterns in the data. Qualitative single-case and cross-case analyses are then applied to
explore emergent patterns at depth. The full set of usability issues is available in Appendix A.

5.1. Quantitative Analysis

Having accounted for drug interaction checkers available to the Scandinavian public, we applied
descriptive statistical analysis to identify patterns in the issue-based data. The analysis revealed a
total of 165 usability issues across all checkers. The majority of these were minor issues, but many
were also classified as major. Three were even assessed as catastrophic due to their potential for
harm to human health. In total, we found 25 cosmetic, 114 minor, 23 major, and 3 catastrophic issues.
Looking across services, shows Janusmed having about twice the mean number of usability issues.
Interaksjonerno was, on the other hand, found to have only half the mean number of issues.
The remainders were closely distributed around the mean (Figure 7).

1:Cosmetic [ 2:Minorissue [l 3:Majorissue [l 4: Catastrophe

Janusmed 5 40 11 2 Sk
Interaksjoner.no 1 13 3 Uy
Felleskatalogen.no 8 1:10:29
Legemiddelsok.no 4 027
Medicinkombination.dk 7 134
0 20 40 60

Number of usability issues stacked by severity rating
Figure 7. Distribution of usability issues across services.

The proportion of issues by severity rating shows high consistency across the checkers. Minor
issues make up the majority of issues, with most services clustering closely from 67% to 69%.
Felleskatalogen.no is the primary exception with very few major issues. Its distribution of issues
is even shifted all the way to cosmetic, rather than minor issues, making for notably lower overall
severity ratings (Figure 8).
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Figure 8. Proportion of usability issues by severity across services.
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As for the characteristics of the issues identified, an overview of the total distribution of issues by
heuristic reveals that flexibility and efficiency of use (H7), consistency and standards (H4), aesthetic and
minimalist design (HS8), match between system and the real world (H2), and user control and

freedom (H3) represent the most frequent sources of usability issues (Figure 9).
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Figure 9. Distribution of issues by heuristic.

Dividing these statistics by checkers, generally shows high consistency. Interaksjoner.no had
fewer issues related to consistency and standards (H4) and aesthetic and minimalist design (HS),

but more issues related to flexibility and efficiency of use (H7). Janusmed,

Legemiddelsok.no,

and Medicinkombination.dk had more issues with consistency and standards (H4) and aesthetic and
minimalist design (H8). These results are exhibited in Figure 10 on the next page.
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Figure 10. Proportion of usability issues by heuristic across services.
5.2. Cross-Case Qualitative Analysis

Qualitative analyses identified four major themes across the drug interaction checkers: lack of
adaptive design, lack of patient-oriented content, system complexity correlating with the amount of
usability issues, and a lack of following conventions, design principles and patterns.

5.2.1. Lack of Adaptive Design

The layouts and interfaces of the majority of the checkers did not adapt to different
screen sizes. Only Interaksjoner.no and Felleskatalogen.no had well-functioning adaptive layouts.
Legemiddelsok.no and Medicinkombination.dk both made no effort to accommodate mobile usage of
their services. This neglect resulted in major issues related to efficiency and ease of use, as well as
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aesthetic design. Janusmed was a particular case as it did in fact have an adaptive design yet still failed
to avoid typical issues of non-adaptive designs, such as forcing viewport management.

5.2.2. Lack of Patient-Oriented Content

Of all the drug interaction checkers evaluated, only Medicinkombination.dk had content clearly
aimed at patient audiences. All the Norwegian checkers retrieved interaction data from the same
FEST database, but presented it somewhat differently in terms of order and priority. We found its
content appropriate in extent and complexity, but frequently using acronyms and technical terms
detrimental to patient accessibility. The content of Janusmed was found to be both too extensive and
too technical for patient audiences, as well as too reliant on acronyms and technical terms. As for
Medicinkombination.dk, we found its content accessible but of limited extent.

5.2.3. More System Complexity Correlating with More Usability Issues

We identified a positive correlation between system complexity and the number of usability issues
detected. We found Janusmed, in particular, very complex in terms of organization, content, layout,
typography and patterns of interaction. Interaksjoner.no, on the contrary, had simplistic interaction,
limited functionality, and minimalist layout and typography. Usability issues for Janusmed and
Interaksjoner.no correspondingly numbered 58 and 17, respectively. The other three checkers were
found comparatively moderate in both complexity and number of usability issues (Figure 7 above).

5.2.4. Lack of Adherence to Conventions, Design Principles and Patterns

The final theme was a general lack of adherence to recognized design conventions and
principles across all the drug interaction checkers. A successful basic pattern of interaction appeared
well established across the checkers, but specific implementations would vary and err on basics.
Examples were issues such as insufficient type sizes and touch target areas, using low-contrast grey for
highlighting selection, or failing to clarify relations between content and functionality through visual
hierarchy and gestalt principles.

5.3. Single-Case Qualitative Analyses

Having provided descriptive statistics and cross-case qualitative analysis, we lay out here emergent
themes for each individual drug interaction checker through single-case qualitative analyses.

5.3.1. Janusmed

Janusmed distinguished itself by applying a particularly advanced interaction pattern for its
search form, and by putting direct manipulation to good use. Completed and recognized search terms
were instantly transformed to visual objects that could be removed item by item without text editing or
handling multiple input fields. Feedback was also immediate and in place, rather than keeping users
waiting or allowing them to complete invalid queries. Perplexingly, this was accompanied by several
catastrophic usability issues, as well as a severe lack of adherence to basic design principles such as
gestalt principles, visual and typographic hierarchy, affordances of pliability, coherent interaction idioms,
and regard for users’ mental models.

A pertinent example is how subsections are independently nested under the unified checker for
display one section at a time, much as module tabs would be. The sections are controlled not by
tabs however, but by unconventional button-displays, in a two-by-two orientation without gestalt
principles indicating their association with the content (Figure 11a). Adding another layer of complexity,
local submenus are provided within the subsections of the checker. The menu items of these submenus
inconsistently direct to internal or external links loaded sometimes in new browser tabs and sometimes
as dynamic content within the subsection. Content in new tabs generally comes without any means of
navigation (Figure 11b).
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Figure 11. (a) Visual and typographic hierarchies at Janusmed are broken across sections of the page;
(b) Current news for the breastfeeding section opens in a new tab without means of navigation.

Another particularly vexing example was that placing focus in the input field would zoom and
drag the user’s viewport, which would hide instructions and controls. Focus would be triggered by
touching any of the label, input field, or even the checkbox below. This corresponds to about 20-25%
of the screen real estate. Focus would trigger even upon initiating touchstart, for example when
starting to scroll the page over any of these elements. This combination of both complexity and lack of
adherence to design principles explains the large amount of usability issues identified—twice the mean
of all checkers evaluated. It also explains the prevalence of issues related to consistency and standards
and aesthetic design, in spite of an ostensibly adaptive layout. It also contributes in explaining the
relatively high severity ratings given.

5.3.2. Interaksjoner.no

Interaksjoner.no displayed the opposite trends of those of Janusmed. Taking a minimalist approach,
its interface was adaptive as well as exceedingly clear in terms of visual and typographic hierarchy.
Its interaction idioms were likewise simple, coherent and conventional, based on a basic page-by-page
interaction (Figure 12a,b). This provided excellent basic usability.
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Figure 12. (a) Interaksjoner.no with an adaptive layout, a clear visual hierarchy and clear feedback;
(b) Drug interaction details open on a new page in the same browser tab.

Interaksjoner.no failed, however, to provide users with necessary means of support. The task of
entering long and complex names of drug substances is demanding and error-prone. At the same time,
searches on Interaksjoner.no were performed by free text entry only, providing no search suggestions or
other means of help. Users were expected to provide exact input, and were expected to do so according
to the terms of the system. It would fail to recognize “vitamin d”, for example, demanding users to use
underscores instead of spaces. It would also fail to recognize “vitamin” or “d” individually, or offer
a thesaurus or similar functionality (Figure 12a).

As such, Interaksjoner.no and Janusmed provided contrasting examples; one excelling at the
basics but failing to deliver necessary support; the other offering advanced means of support but
failing to deliver it according to basic principles of design. This reflects findings from descriptive
statistics showing Interaksjoner.no having fewer issues due to its minimalist design and success at
basic usability. It is also reflected by a larger proportion of major usability issues stemming precisely
from lack of user support.

5.3.3. Felleskatalogen.no

Felleskatalogen.no and Interaksjonerno were the only checkers evaluated that provided
a well-functioning adaptive layout (Figure 13a). This resulted in fewer and less severe usability issues.
The clarity and visual hierarchy of Felleskatalogen.no was not as strong as that of Interaksjoner.no,
but sufficient to avoid more severe issues.
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Figure 13. (a) Felleskatalogen.no providing a mobile adaptive layout avoiding issues with zoom and

viewport handling; (b) Felleskatalogen.no did provide search suggestions to help users choose the
appropriate search terms.

Felleskatalogen.no did, however, offer search suggestions (Figure 13b), avoiding much of the
critique concerning lack of user support. The result was a comparatively small proportion of major
usability issues as indicated also by the quantitative analyses (Figure 8). Quantitative analyses showed
that the number of issues was nevertheless close to the mean, and not nearly as low as that of
Interaksjoner.no. This reflects the pattern of correlation between the number of usability issues and the
complexity of the system, as identified by the cross-case analysis.

5.3.4. Legemiddelsok.no

Legemiddelsok.no showed a complete lack of adaptive design, utilizing a particularly horizontal
layout that necessitated considerable viewport management on mobile devices (Figure 14a). This was
reflected in quantitative analyses showing particular prevalence of issues with aesthetic and
minimalist design, and consistency and standards (Figure 10). Legemiddelsok.no also had a notable lack
of basic instructions and documentation. “Search tips” were hidden behind a vague icon, which would
arbitrarily load its content in a modal panel. This modal panel would stick outside of the user’s
viewport on mobile devices due to a lack of adaptive design (Figure 14b).
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Figure 14. (a) Issues of viewport handling prevent usability at Legemiddelsok.no, and no welcoming
instructions are provided; (b) “Search tips” modal panel sticking outside the viewport.

Comparing Legemiddelsok.no to other drug interaction checkers showed an average amount
of issues, and a similar proportion of major issues compared to that of Janusmed and
Interaksjoner.no—considerably larger than that of Felleskatalogen.no.

5.3.5. Medicinkombination.dk

Medicinkombination.dk distinguished itself by offering patient-oriented content explicitly
targeting layperson audiences. It, unfortunately made no effort to accommodate mobile devices
(Figure 15a). This offers a partial explanation for the prevalence of issues related to consistency and
standards and aesthetic and minimalist design.
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Figure 15. (a) Medicinkombination.dk lacking adaptive design in spite of an explicit layperson audience;
(b) Multi-drug searches require users to manually add input fields one by one.

Medicinkombination.dk was found to contain a catastrophic issue potentially leading users to the
impression that harmful drug pairings were in fact safe. Apart from this defect, Medicinkombination.dk
leaned more towards Felleskatalogen.no in displaying a smaller proportion of major issues than other
checkers, compensating with cosmetic rather than minor issues. This made for comparatively low
overall severity ratings. It was the only checker to provide two separate interfaces for single-drug
and multi-drug searches. Multi-drug searches, moreover, required users to add new input fields one
by one (Figure 15b). The approaches of Felleskatalogen.no and Janusmed were considerably more
efficient, allowing users to enter any number of drugs through a unified and coherent interface.

5.4. Catastrophic Usability Issues

Beyond the cross-sectional themes, we also identified three catastrophic usability issues. Entering
a single drug substance on Janusmed would invariably yield positive feedback through green color
coding indicating that the drug would be safe from interactions with other drugs, whereas the opposite
might in fact be the case (Figure 16a). The lack of emphasis and labelling on the indicator for interactions
pertaining to single drug items was the second issue related to the same scenario. This would fail to
notify users of hundreds of potentially serious interactions (Figure 16b).
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Figure 16. (a) A green indicator for interaction analysis of warfarin indicating its safety;
(b) Visually de-emphasized and unlabeled indicator for 347 drug interactions pertaining to warfarin.

These issues showed a lack of regard for users’ mental models, answering not the question “What
interactions pertain to this drug?” but rather “What interactions pertain to this drug and nothing else?”
Other drug interaction checkers simply listed all relevant interactions also for single-drug searches.

The third catastrophic issue pertained to Medicinkombination.dk (Figure 17). Its multi-drug
search form would fail to catch cases of non-recognized search terms, and would instead present results
from previous searches. Unobservant users would not expect any error had occurred and might easily
ignore indications that the result displayed was not for the query entered. Users could first search
for a harmless drug pairing to retrieve a confirmation of its safety. Following searches containing
misspellings would then present the same confirmation of safety even if the intended pairing might
cause serious interactions (Figure 12). We deemed this a flaw of implementation rather than design,
as opposed to those observed on Janusmed.
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Figure 17. Medicinkombination.dk providing previous results for a current search.

All of the noted catastrophic usability issues were deemed catastrophic due to their potential to
lead to harm to human health.
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6. Discussion

Allowing patients to act as decision-makers regarding their own health requires empowering them
with information. The systems conveying this information must be usable in order for empowerment to
take place. In this paper, we identified six drug interaction checkers publicly available to Scandinavian
audiences: three in Norway, two in Denmark, and one in Sweden. The Norwegian checkers all utilized
the same professionally oriented database. The two Danish checkers, on the other hand, utilized
the same interface to serve content from different databases—one professionally oriented and one
patient-oriented. The Swedish checker served only professionally oriented content and did so using
multiple topically oriented databases. The service providers were national authorities, drug industry
associations and private eHealth businesses. All of them served content from national authoritative
sources, however. All except one of the checkers primarily targeted professional audiences as a means of
clinical decision support, while at the same time allowing public access. Only Medicinkombination.dk
targeted patient audiences with highly readable patient-oriented content. This constitutes an important
contribution to patient-oriented healthcare in Denmark.

Although this paper has not aimed to investigate content specifically, it was noted that checkers
targeting professional audiences did so frequently using acronyms and technical terminology.
Acronyms are particularly difficult for laypersons to interpret as web searches for their meaning will
often yield incorrect or poorly targeted results. Content will consequently not only be hard to read,
but sometimes even inaccessible. As Norby et al. [12] have shown, this does not stop patients from
using these checkers, but is suggested to cause anxiety for some users. It also prevents the benefits of
empowering and engaging patients in regard to their health.

The heuristic evaluations showed all of the checkers applying patterns of progressive disclosure,
from summarized listings of drug interactions to detailed descriptions and even external links for
further reading. This might seem an appropriate pattern to preserve in order to accommodate patients’
varying attitudes towards supplementary drug information, as identified by Kusch, Haefeli and
Seidling [8]. Although the content of Medicinkombination.dk was very readable, it was also very brief.
This may represent a precautious approach to provide content without causing anxiety. It may, however,
also limit the positive effects of improved communication with professionals and improved compliance,
as suggested by Norby et al. [12].

6.1. Prevalence and Characteristics of Usability Issues

In terms of usability issues and their characteristics, a large number of issues were detected across
all of the drug interaction checkers. These were predominantly minor issues, but a considerable
number of major issues were found in all but one of the checkers. Numbers of issues cannot be
compared across studies, but we regard these as high numbers in view of the limited extent of the tasks
applied. Qualitative analyses identified a positive correlation between the number of usability issues
and the complexity of a checker. Care should be taken not to interpret this as a causal relation justifying
more usability issues as a tradeoff for providing functionality. One would rather expect the basics to
precede the extras. Considering their relation to basic design principles, an argument could be made
that the high number of usability issues may indicate lack of systematic user-centered development.
It could also result from losing track of user goals over time through incremental addition of features.
Addition of features will at some point warrant redesign of a system, but limited resources may instead
lead to shortsighted solutions being implemented. These can then accumulate to reduce usability and
system quality. We suggest these as the most likely culprits worth examining for those drug interaction
checkers identified in this paper with high numbers of usability issues.

Analyses, moreover, showed a very low degree of mobile-adaptive design. Three out of five of the
checkers were essentially non-supportive of mobile devices. Adaptive design may have been a premium
in the past, but is today an essential component of system quality for the Web. The proportion of
mobile users on the Web is steadily increasing, at this point matching desktop users in Sweden [33].
Intermittent tasks, such as checking drug interactions, lend themselves in particular to mobile use,
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making it readily apparent that service providers cannot afford to ignore this segment of users. Lack of
adaptive design forces users to handle zooming and repositioning of the viewport. This causes a
constant strain on efficiency, effectiveness, and satisfaction of use, rapidly convincing users to leave
and never return.

Many of the checkers also showed poor leverage of basic design principles such as visual and
typographic hierarchies to guide users through the interface. Minimalist and aesthetic design utilizes
consistency to highlight important information through purposefully breaking this consistency. This is
a way of guiding users through complex information environments. Lack of consistency generates
noise, and this noise prevents anything from standing out to the user. Usability issues relating to lack
of minimalist and aesthetic design thus causes unnecessary cognitive efforts spent at interpreting the
interface as opposed to attaining user goals. This leads to user dissatisfaction.

Supporting users through search suggestions, thesauri and means of managing search results
was also identified as particularly important for this context. All but one of the checkers already
provided search suggestions. In the only case where this was not provided, we noted this as a major
usability issue in view of users having to type unfamiliar and hard-to-spell drug names without any
help. Without search suggestions users would also not get early feedback that their search terms
would not be recognized, and as such not yield any results. These findings of ours support Adam and
Vang’s [22] inclusion of search suggestions (medication pick list) as a criterion for patient usability.
A natural extension of helping users type their intended queries is to help them attain the intended
results even when they provide inaccurate input. In this respect we noted a lack of thesauri in all of
the systems. Thesauri would be particularly useful due to the need for spelling unfamiliar words
with multiple plausible spellings. As an example, the term “thyroxine” may reasonably be spelled as
“thyroxin”, “tyroxin”, or “tyroksin” in Scandinavian languages. In addition, it would be reasonable
to accept English spellings as well as popular terms such as “vitamin d” for technical terms such as
“kolekalsiferol”. Thesauri were not considered by Adam and Vang [22]. These means of user support
are particularly important as they affect not only long-term satisfaction, but even short-term ability to
retrieve information at all.

In terms of single-case analyses, nearly twice the mean number of usability issues were identified
for the Swedish checker Janusmed. Even catastrophic issues were identified related to basic design
principles such as providing appropriate feedback to users. The structure of the service was especially
complex and incoherent. This may suggest organic growth insufficiently supported by goal-oriented
and user-centered approaches. Janusmed on the other hand did provide more utility in terms
of both content and functionality, employing promising interaction idioms for constructing queries.
The Norwegian Interaksjoner.no took a minimalist approach, providing core functionality accompanied
by clear and coherent feedback and visual hierarchy. This resulted in a particularly low number of
usability issues. It failed, however, at providing patients with much-needed support in spelling difficult
drug names, resulting in major usability issues in that area. Felleskatalogen.no represented a middle
ground of functionality and coherence. It was one of only two services providing mobile-adaptive
design. Providing necessary user support also resulted in an average amount of usability issues, but
with a notable distribution towards the lower end of the severity spectrum. Legemiddelsok.no had
particular issues with adaptive design, causing excessive viewport handling. The most notable trend
beyond that was a complete lack of basic information welcoming users, explaining the purpose of the
service, or how to use it. Medicinkombination.dk distinguished itself by providing highly accessible
patient-oriented content. Its complete lack of adaptive design did not however help in providing
accessibility for public audiences on mobile devices. A catastrophic issue was also identified where
users might be presented with results for the previous query rather than the current. This could
potentially lead to serious medical error.
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6.2. Practical Implications

Our findings indicate the need for developing patient-oriented drug information databases where
these are currently unavailable. They also show the importance of making these databases accessible
to patients through usable and user-centered interfaces. This echoes recommendations by Kusch,
Haefeli, and Seidling [8]. In this paper, we also identify a cost-efficient example of how this can be
done, as exemplified by Medicinkombination.dk. Simply developing such databases allows their
implementation through technical frameworks already available. As shown by the Norwegian FEST
database, such databases may be served openly through multiple providers. They may also be
delivered to mobile applications or other innovative technologies. Beyond this, the significance of our
findings lies in bringing awareness to usability problems preventing patients from attaining goals in
terms of health needs and quality of life. We have done so by specifying the problems and the drug
interaction checker to which they belong to, in order to help decision-makers appreciate the importance
of addressing these needs as well as to facilitate action. Single-case and cross-case analyses identify
themes of issues within and across the checkers evaluated. These themes inform more general areas
of focus for development. They may also indicate organizational or methodological issues causing
these themes to occur, such as lack of user-centered approaches. Once recognized, such issues may
be addressed.

6.3. Reliability and Validity

Reliability of the study has been striven for by providing transparency of the procedures for
data collection, analysis and interpretation. In terms of heuristic evaluations, a discussion prevails
on the number of evaluators needed for reliable results. Some suggest five evaluators are enough to
detect 80% of all usability issues, while others claim this is not nearly enough [26,34-36]. Nielsen [35]
and Molich [36] appear to agree, however, that five evaluators are sufficient to drive useful design
iteration. Nielsen adds to this that more evaluations with fewer evaluators are more efficient than
fewer evaluations with more evaluators [35]. The circumstances of this study have not permitted
external recruitment, and evaluations were performed by the paper’s first two authors. Both were in
their last term of a three-year Bachelor program in Interaction Design. Both additionally had more
than four years of professional experience with user interface design. While this number of evaluators
is less than what is commonly recommended, it is not without precedence [37].

Calculations were performed to estimate the reliability of the findings. The number of issues
detected by each evaluator was divided by the total number of issues detected in the study.
This individual detection rate was then averaged across the two evaluators for a mean probability
of detection. This probability was used as a basis for making an estimation of the proportion of
usability issues likely detected for the systems [26] (pp. 116-117). The calculations indicated an
individual detection rate of 65%, suggesting a total coverage of 87% of all usability issues for the
systems. This considerably exceeds Nielsen and Landauer’s [34] estimates of about 50% coverage by
two evaluators, and also exceeds the 80% commonly sought in usability evaluations. We suggest that
this high reliability is a result of the limited scope of tasks applied across the five systems evaluated.

Other means taken to ensure reliability were triangulation of qualitative and quantitative data
sources, as well as having researchers work independently and check each other’s findings for researcher
triangulation. The transparency of procedures has been strived for through accurate description of the
methodology and choice thereof in the methodology section.

Validity has been strived for by providing rich, thick description of the findings, as well as by
triangulating data sources. Usability is defined as contingent upon users’ contextualized and lived
experience. Expert-based methods such as heuristic evaluations contain inherent risk of disconnect
from this experience. On the other hand, Molich [36] found usability issues identified through heuristic
evaluations to rarely provide false positives. Nonetheless, the evaluations must be understood as
conditioned by presumptions about behaviors of the target audience. These were based on general
populations rather than grounded on user-centered research. Audiences for these drug interaction
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checkers are known to be broad, but also to contain higher proportions of elderly users and other
segments with particular need for drug information [11]. Potential variations in behavior based on this
factor have not been accounted for in this paper. Addressing this could be done through triangulation
by contextually situated and user-centered methods, such as usability testing with targeted participants
or involving targeted participants as lead users. Presumptions about the audience also affected severity
assessments in terms of the anticipated frequency of occurrence. This could potentially affect their
validity. The absence of user account functionality might for example have been a more prominent
theme, had evaluations proceeded from an assumption of regularly returning users.

Adam and Vang [22] assessed patient usability in terms of presence or absence of alert icons, color
coding, severity rating scale, medication pick list and the ability to save a user profile. Whereas their
grading scale would have awarded the checkers sampled in this paper with full scores on all of the
factors of alert icons, color coding, and severity rating scales, our heuristic evaluations identified even
catastrophic usability issues arising from the very same features. We found that not only medication
pick lists are needed for usability, but also handling of alternate spellings and misspellings. We also
found that requiring a login to a user profile can be detrimental to usability depending on assumptions
about the target audience and the specific implementation. This highlights limitations of the approach
chosen by Adam and Vang [22] compared to the use of heuristic evaluations to show a more nuanced
picture of usability.

6.4. Limitations

This paper applied issue-based metrics for their potential for open-ended exploration of usability
within and across multiple services available in the Scandinavian market. They were also chosen for
their capacity to inform actionable insights. The exclusion of performance metrics and self-reported
satisfaction limits the extent to which overall usability could be assessed and quantified. This was
a choice made for delimiting the scope of the study, eliminating the need for extensive recruitment and
user testing.

Although we have adopted a patient-oriented perspective, findings were rarely found to pertain
to patients to the exclusion of professionals. Even content-related findings, such as use of acronyms and
technical terminology, could be argued as relevant to professionals in training, or to those less familiar
with certain medical topics. A patient-oriented approach, as such, might be suggested as a kind of lead
user approach, highlighting overlooked needs that nonetheless benefit primary audiences.

7. Conclusions

This paper has explored the availability of patient-oriented drug interaction checkers in the
Scandinavian countries of Denmark, Norway, and Sweden. It has also explored the prevalence and
characteristics of usability problems in these checkers which prevent patients from benefiting from
them. In our study, we identified six such checkers: three Norwegian, two Danish, and one Swedish.
The service providers were national authorities, drug industry associations and privately owned
eHealth businesses. All of the checkers served content from national authoritative sources. All except
one of the checkers primarily targeted professional audiences for clinical decision support, while at
the same time allowing public access. Only Medicinkombination.dk targeted patient audiences with
patient-oriented and highly readable content.

A large amount of usability issues was detected across all of the drug interaction checkers
evaluated, and a considerable number of major issues were identified in all but one of the checkers.
Three catastrophic usability issues were detected, each deemed catastrophic for its potential to lead to
serious medical errors. Although the numbers of usability issues cannot be compared across studies,
these should be considered high in view of the limited extent of the tasks. Catastrophic issues signify
issues unacceptable in publicly released systems, but the large amount of minor issues also suggests
insufficient systematic development and testing.
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The qualitative analyses identified four cross-case themes of usability issues: there was a notable
lack of mobile-adaptive design, there was a general lack of patient-oriented content, there was a general
lack of adherence to basic design principles, and there was a clear positive correlation between system
complexity and number of usability issues.

Our findings show a beginning towards accommodating patient needs, but also show Scandinavian
audiences faced with a limited number of drug interaction checkers primarily targeting medical
professionals. These are known to be used by patients for their utility but fail to accommodate them
in terms of information and system quality. Empowering patients to participate in decision-making
affecting their personal health and quality of life calls for developing patient-oriented drug information
databases where these do not currently exist. These need to be presented through clear, coherent and
supportive user interfaces, acknowledging the behaviors of the patients interacting with them.
Developers and decision-makers should ensure that future development initiatives are conducted
based on systematic goal-oriented and user-centered design approaches and research, to ensure that
drug interaction-checkers inform patients according to their own needs and abilities rather than
implementation-centric or arbitrarily emergent mental models.

Future Research

In accordance with the findings of this paper, we suggest that further research should focus
on exploring patient needs and behaviors in accessing drug-related information. Whereas Kusch,
Haefeli and Seidling [8] approach this in terms of topics desired by patients, future research should focus
more on qualitative accounts of how this information is actually accessed and used. This would provide
strong foundations for future development of patient-oriented information databases. It could also
inform the development of mobile applications taking advantage of the individualization, mobility and
multi-functionality of mobile devices. We also suggest future studies involving representative users to
validate and complement the findings of both this paper and previous research on this topic.

Author Contributions: Conceptualization, D.V., E.J.A. and M.E,; methodology, investigation and data curation,
D.V. and EJ.A; formal analysis, D.V.; writing—original draft preparation, D.V. and E.J.A.; writing—review
and editing, D.V.; visualization, D.V. and E.J.A; supervision, M.E,; project administration, E.J.A., D.V. and M.F.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A Heuristic Evaluation Findings for All Systems

The Heuristic Evaluation Findings document contains the full details of the usability issues
detected in the study. The issues are recorded in table format by checker evaluated. Task number and
screenshots serve to locate the issue. Detailed descriptions are provided along with severity ratings and
the heuristics found applicable. The findings are accessible from the following link: https://docs.google.
com/document/d/13rxSRkOTP-SVyubnfC80OJjaM_4ZAEKkoVHsoUGPnQ84/edit?usp=sharing
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