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A B S T R A C T   

Background: Reporting individual clinical and patient-reported outcomes to patients during consultations may 
add to patients’ disease knowledge and activation and stimulate Shared Decision Making (SDM). These outcomes 
can be presented over time in a clear way by the means of dashboarding. We aimed to systematically develop a 
Chronic Kidney Disease (CKD) dashboard designed to support consultations, test its usability and explore con
ditions for optimal use in practice. 
Methods: For development a participatory approach with patients and healthcare professionals (HCPs) from three 
hospitals was used. Working groups and patient focus groups were conducted to identify needs and inform the 
dashboard’s design. Usability was tested in patient interviews. A focus group with HCPs was held to identify 
conditions for optimal use of the dashboard in daily practice. 
Results: A dashboard was developed for CKD patients stage 3b-4 visualizing both clinical and patient-reported 
outcomes over time for use during consultations and accessible for patients at home. Both HCPs and patients 
indicated that the dashboard can: motivate patients in their treatment by providing feedback on outcomes over 
time; improve consultation conversations by enhanced preparation of both HCPs and patients; better inform 
patients, thereby facilitating shared decision making. HCPs and patients both stated that setting a topic agenda 
for the consultation together is important in effectively discussing the dashboard during consultations. Moreover, 
the dashboard should not dominate the conversation. Lastly, findings of the usability tests provided design re
quirements for optimal user-friendliness and clarity. 
Conclusions: Dashboarding can be a valuable way of reporting individual outcome information to patients and 
their clinicians as findings suggest it may stimulate patient activation and facilitate decision making. Co-creation 
with patients and HCPs was essential for successful development of the dashboard. Gained knowledge from the 
co-creation process can inform others wishing to develop similar digital tools for use in clinical practice.   

1. Introduction 

Chronic Kidney Disease (CKD) is a significant public-health problem 
worldwide. It is increasing in incidence and associated with high 
morbidity and mortality rates, especially when it progresses to end-stage 
kidney disease (ESKD) [1,2]. Early treatment of CKD can slow down 

kidney function deterioration and postpone or prevent progression to 
ESKD and the need for kidney replacement therapy [3,4]. Long-term 
medications and lifestyle interventions are the pillars of treatment in 
attenuating kidney function deterioration [3,5], highlighting the active 
role needed from patients for effective treatment. 

However, particularly patients in earlier CKD stages, appear to have 
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limited awareness and knowledge regarding CKD and its treatment goals 
[6–10]. Accordingly, patient activation, conceptualized by Hibbard as 
‘having the knowledge, skills and confidence for managing your own health’ 
[11], is reported to be low in CKD populations [12,13]. In chronic 
conditions, high patient activation levels have been linked to better 
health outcomes [14–18], lower health utilization [19–22], lower costs 
[18] and better self-management behaviors [16,17,23]. The latter can 
affect the pace of progression from CKD to ESKD substantially, empha
sizing the need to improve CKD patients’ activation levels. However, 
studies showed that CKD patients experience that necessary information 
regarding their disease is often unavailable or incomprehensible, 
possibly preventing to attain sufficient activation levels. The informa
tion received during consultations with their healthcare professional 
(HCP) is perceived as unclear, untailored to their situation and either too 
much or insufficient [24]. 

Using outcome information in a meaningful way might address these 
CKD patients’ information needs and enhance patient activation levels. 
Outcome information is increasingly collected since the introduction of 
Porter and Teisberg’s value-based healthcare principle and the standard 
set of outcomes for CKD by the International Consortium for Health 
Outcomes Measurements (IHCOM) [25–27]. We hypothesize that 
effectively reporting individual outcome information to patients can 
stimulate patient activation and ultimately self-management behavior in 
four ways (Fig. 1). First, according to self-regulation theory, for patients 
to engage in self-management behavior, they continuously monitor and 
evaluate their own actions and how it affects their health. Providing 
feedback on outcomes in treatment plans (e.g. regarding lifestyle in
terventions or long-term medication) can lead to patients having a more 
adaptive understanding of their condition affecting their behavior 
[28,29]. Providing feedback on outcomes is especially important in 
early-CKD populations, where symptoms are often absent making self- 
evaluation on actions difficult [30]. Second, reporting individual 
outcome information to patients can enhance patients’ understanding of 
their condition, an important element of patient activation [11]. Third, 
collecting and discussing patient-reported outcomes (PRO’s) with pa
tients, adds to patients’ condition understanding and level of perceived 
control over their health [31–34]; both are components of patient 
activation [11]. Lastly, discussing PRO’s and clinical outcomes is ex
pected to facilitate Shared Decision Making (SDM) [35–38], which in 
itself has a bidirectional relationship with patient activation. Involving 
patients in decision making results in more activated patients by 
ensuring treatment decisions fit patient preferences and circumstances. 
Conversely, patients with high activation levels prefer and experience 
more SDM [39,40]. 

However, it is yet unclear how to present individual outcome infor
mation to patients effectively. 

Since most patients struggle to memorize spoken information, 

providing visual aids to present outcome information seems needed 
[41]. Currently existing (yet underused) strategies to visualize individ
ual patients’ outcomes include: 1) visualizing data in the Electronic 
Health Record (EHR), for example visualizing laboratory results in a 
graph, however this does not provide an overview of different relevant 
outcomes and is limited in data visualization options, and 2) listing in
dividual outcomes in the post consultation letter available to patients, 
however this doesn’t show the outcomes over time and doesn’t incor
porate data visualization for optimal clarity. A more effective strategy 
can be the use of dashboarding. A dashboard provides a visual display of 
complex or extensive data with the aim of improving clarity and 
comprehension[42]. Although the use of dashboards in clinical settings 
increases, literature on dashboards reporting on individual patient level 
is scarce[43]. In literature on visualizing PRO’s, guidance is offered on 
displaying outcome information to patients and healthcare professionals 
(HCPs). Visual analogies plus texts are recommended [44–46] and 
graphs with higher-better directionality and threshold lines appear to be 
most fitting for presenting data over time [47,48]. The longitudinal data 
collected during a CKD trajectory may benefit from these data visuali
zation techniques in providing clear disease overviews. 

Thus, the aim of this study was to systematically develop a dashboard 
for CKD patients stage G3b-4 designed to visualize individual outcomes 
to patients during consultations, test its usability and set conditions for 
optimal use in daily practice. By following a participatory development 
approach, findings of this study bring forward both patients and HCPs 
views on the potential value of dashboarding outcome information. 
Findings of this study have implications beyond nephrology and can 
inform similar initiatives in other conditions. 

2. Methods 

The CKD dashboard was developed by means of an iterative co- 
creation process with both HCPs and patients, as detailed in Fig. 2 and 
Table 1. The development was initiated by Santeon, a collaboration of 
seven independent large Dutch teaching hospitals. The dashboard was 
developed for patients with CKD stage 3b-4, treated by a nephrologist. 
Dashboard development drew upon theory (Fig. 1) and experiences from 
a best-practice example: a dashboard used in rheumatology consulta
tions [49]. 

2.1. Working groups 

The multidisciplinary working group that directly informed dash
board development consisted of HCPs of three hospitals, two kidney 
patients (recruited by the Dutch Kidney Patient Association) and a 
representative of the Dutch Kidney Ppatient Association (Table 1). The 
project leader (EP) and researcher DH, led the working group. Topics 

Fig. 1. Conceptual model of how reporting individual patient outcomes can increase self-management behaviour and ultimately clinical outcomes. PRO’s = patient- 
reported outcomes, SDM = Shared Decision Making. 
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discussed in the working group sessions concerned the dashboard ob
jectives, content and design. Dashboard variables were selected from a 
longlist of outcome information (both PRO’s and clinical data). Vari
ables were included when the working group members agreed on them 
being informative regarding disease trajectory or CKD treatment goals, 
and when they are frequently discussed during consultations. Prior to 
the sessions, participants received assignments to stimulate their 
thoughts on which outcomes they find relevant to include in the 
dashboard. 

2.2. Focus groups with patients 

Two focus group interviews were held with patients (n = 8, mean age 
56 years, range 38–71 years, three male and five female). One focus 
group had three participants and the other five. The kidney function 
varied from 15 to 45% and one patient received peritoneal dialysis. 

Patients were recruited from the Dutch Kidney Patient Association; 
informed consent was obtained. Focus groups lasted 1.50 and 1.20 h and 
were led by an experienced moderator with a background in psychology 
and a member of the working group (JB). Part one of the topic list 
included the exploration of current experiences in consultations and 
identifying information needs. More specifically, patients were asked 
what information was discussed during consultations, what information 
they deem important to discuss and what they missed what had not been 
discussed. In part two, feedback on the preliminary design was collected. 

2.3. Usability tests 

Usability tests were performed with patients (n = 9, mean age 52, 
range 25–73 years, five male and four female). Nephrologists of two 
hospitals recruited patients purposively, aiming for patients of different 
ages and estimated digital skills. The participating patients reported 
digital skills that varied from poor to excellent and more than half of the 
patients had high education levels. An external user experience expert 
led the usability tests. In the tests, patient did a ‘walk-through’ of the 
dashboard and performed three user tasks, while asked to think out loud. 
In the first task, patients were asked to orient themselves in the dash
board and explore different parts of it. In task two, patients had to 
imagine to visit the nephrologist in the near future. While navigating 
through the dashboard they had to identify two topics from the dash
board that they would want to discuss with the nephrologist. In task 
three, patients were asked to navigate through the dashboard and 
identify aspects they could work on themselves to slow down kidney 
function deterioration. After the tasks, patients were asked additional 
questions regarding the added value of the dashboard and the willing
ness to use it (for the interview questions see Appendix table C). 

2.4. Focus group HCPs 

A focus group was held with HCPs working in kidney care of two 
hospitals (n = 8, Table 1) to identify conditions for optimal use of the 
dashboard in daily practice of nephrology care. A specialized nurse of 
the rheumatology department was also present to share experiences 
with the rheumatology dashboard. The focus group lasted 1.30 h and 
was moderated by researcher DH. The findings of the focus group 
informed content of the training for HCPs on using the dashboard in 
clinical practice. 

2.5. Data analysis 

All working group sessions, focus groups and usability tests were 
held via video conferencing because of COVID-19 pandemic-related 
restrictions. Focus groups were recorded and transcribed. Thematic 
analysis was performed by coding the transcripts and identifying themes 
related to the topics in the topic list. Atlast.ti 9 was used for analysis. The 
researcher (DH) conducted the primary analysis. A second coder (CU) 
checked this analysis for accuracy and missing themes. The usability 

Fig. 2. Overview of dashboard development, HCP = Healthcare Professional.  

Table 1 
Details on research instruments used in dashboard development. HCP = Healthcare professional, CKD = Chronic Kidney Disease.  
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tests were recorded and analyzed by both the researcher (DH) and the 
user experience expert. Reporting the qualitative findings was guided by 
the criteria for Reporting Qualitative research (COREQ) [50]. 

3. Results 

3.1. Working group sessions 

3.1.1. Objectives 
The working group reached consensus over the formulation of the 

objectives to be achieved by the CKD dashboard, see Box 1. 
The fourth objective was proposed by HCPs because of the increase 

of tele-consultations during the COVID19 pandemic. The dashboard will 
be used during the consultations between CKD patients and their HCP in 
the hospital as well as during tele-consultations, supported by video
conference software. 

However, the patients in the working group stated that the dash
board should also be accessible for patients at home. They argued that 
reviewing the dashboard at home and discussing it with relatives/ 
partners, would help in processing the information and preparing for 
consultations. It was agreed upon that the dashboard used during (tele-) 
consultation and at home should be the same to ensure patients can 
recognize what is discussed during consultations. 

3.1.2. Content 
A set of items was chosen to include in the dashboard from a list of 

outcome information (Fig. 3). Because of the wide range of included 
items, working group members reported a need to explore what patients 
find most important to discuss in upcoming consultations. To that end, 
four newly developed patient-reported questions, to be completed 
before the consultation, were added in the dashboard (Fig. 3). 

3.1.3. Design 
The working group agreed on a design with multiple pages in order 

to group information effectively. The ‘overview-page’ was designated as 
the main page to be discussed during consultations. The other four pages 
were designed as in-depth pages visualizing health status and treatment 
goals. Patients in the working group discouraged the use of traffic light 
colour-coding for clinical outcome information, since it can be demoti
vating if everything is ‘red’ while the patient is fully commited to their 
treatment plans. It was emphasized that explaining clinical outcomes 
and providing additional information on what patients can do them
selves to achieve treatment goals, is essential for the dashboard. 
Therefore, an interactive interface was built including informative 
buttons and hyperlinks that open webpages on specific topics on nieren. 
nl, the informative platform of the Dutch Kidney Foundation and the 
Dutch Kidney Patient Association. See Fig. 4 for an overview of the 
feedback of the working group on the dashboard’s design. The dash
board was built in PowerBI (Microsoft). The clinical metrics were 
automatically retrieved from the EHR. The PRO-data originates from 
digital patient questionnaires (per e-mail) collected with the software 
‘Questmanager’ (Philips) twice a year before patients’ their consultation 
(Fig. 3). The PRO-data was directly imported from Questmanager. Data 
from both data sources had a refresh rate of 30 min. 

3.2. Focus groups patients 

3.2.1. Part one: Current way of consultations 
Patients reported that during their consultations mainly laboratory 

results and symptoms were discussed. Outcome information was already 
being visually presented to some patients during consultations; four 
patients were shown graphs from the EHR of their kidney function and 
one patient was also presented graphs of blood pressure and proteinuria. 
Most of the patients indicated to be satisfied with the way consultations 
were going. However, two patients stated that they felt overwhelmed 
with the amount of (unclear) information provided at the start of their 
CKD trajectory: 

Patient 5: When I went to the nephrologist there was a bit of an 
assumption that I knew what I had, but it wasn’t obvious to me. So, you 
actually have to look things up and read things yourself. It might be good if the 
nephrologist explained everything properly at the start, what those values are, 
what the values do, what everything means. What should be happening with 
everything? (…) Yes, I actually think that there is no place where you can 
find that information clearly. 

In addition, some patients indicated to have missed information on 
what you can do yourself to improve CKD: 

Patient 7: Earlier in my CKD trajectory, I never talked to a dietician or 
attention was given to diet and things, and that is something I missed, since 
that is now something I know can keep my kidney function stable. 

3.2.2. Part two: patients’ vision on the preliminary design of the dashboard 
After being shown the preliminary design of the dashboard, patients 

differed in which dashboard topics they deemed most important. Some 
patients indicated the mental health components to be highly important, 
whereas others were mostly interested in laboratory results. All patients 
agreed that the dashboard content was clear and comprehensive. Pa
tients’ preferences for comparing their individual data with aggregated 
data varied; some patients argued it would help to see others’ progress to 
motivate themselves, although others said not to be interested in other 
people’s data, because ‘every kidney patient is different (Patient 1)’. 

The four newly developed PRO questions 
The four newly developed PRO questions, aimed to prioritize issues 

to be discussed (see Fig. 3), were believed to help patients structure their 
thoughts on what they want to discuss during consultations. A patient 
added that this could also stimulate patients to engage in decision 
making. Furthermore, patients mentioned that discussing treatment 
goals and monitoring them when using the dashboard could help them 
to actively engage in treatment plans and adjust them when needed: 

Patient 4: Asking a patient for their treatment goal can be a reminder, 
people can see for themselves which diets help and which don’t. Then you 
naturally also set a goal and you can keep coming back to it each time. […] 
you can see with your measurements whether you’ve had results. 

All patients agreed that the four questions should be open ended 
questions. Providing answer-examples was suggested, because not all 
patients understood what was meant with ‘treatment goal’. 

Pages reporting PRO’s 
Regarding the other PRO’s included in the dashboard, patients 

pointed out that the symptom-related PRO’s could help to better un
derstand CKD – Patient 3: I think this [DSI] is a good addition, because there 

Box 1 
Objectives CKD dashboard.  

• Provide feedback on the CKD trajectory over time and treatment goals to help activate patient self-management and thereby fostering slowing 
down disease progression;  

• Facilitate SDM by enhancing the two-way flow of information during the consultation; better informing both patients and HCPs.  
• Provide a complete and clear overview with relevant data from multiple data sources.  
• Help ensure effective information exchange during teleconsulting.  

D.E.M. van der Horst et al.                                                                                                                                                                                                                   
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were issues that I hadn’t connected to renal function. The benefit of visu
alizing PRO’s over time was also emphasized: 

Patient 1: I think that it [PRO’s in dashboard] could definitely contribute 
to the consultation because it’s clear whether the line is going up or down. I 
think it’s helpful for yourself too, because you can also see the difference 
compared to a year or two years ago. Kidney disease often progresses very 
slowly which you don’t really notice. 

Visualizing the PRO’s of experienced mental and physical health 
over time with line graphs were easy to understand according to the 
patients. Patients indicated to find the traffic light coding for the PRO- 
data clear and useful to identify what to discuss. No negative associa
tions with this colour use were mentioned. 

Pages reporting treatment goals to slow down CKD progression and the 
effects of kidney damage 

Visualizing the treatment goals in slowing down CKD progression 
was deemed relevant. Particularly, being able to see progress over time 
in graphs can help to stay motivated for treatment, as a patient reported: 

Patient 5: To me, these kinds of things are very interesting, I work on my 
progress and everything’s improving. I’m still working on it. (…) Knowing 
how that progress can manifest, you can clearly see that in these kinds of 
graphs. I want to see this in the consulting room, that would motivate me. 

The additional explanations of the medical variables (e.g. laboratory 
results) in the dashboard behind buttons were also received positively 
because patients experienced that these variables were often mentioned, 
but not fully explained during consultations. 

Added value of the dashboard as a whole 
Patients emphasized the value of being able to access the dashboard 

at home and use it to prepare for consultations. The easy access to 
additional information by way of the informative texts and hyperlinks 
was also deemed of added value, as this information had been missed at 
the time of onset of CKD. 

Patient 5: I definitely missed having it [the dashboard] at the start to help 
me prepare properly for the consultation with my nephrologist, because I think 

you get really overwhelmed in the beginning with all the numbers and things 
and now you can ask really focused questions. 

In addition, patients indicated that the dashboard provided a good 
overview of their disease and believed it might increase patients’ 
involvement in their treatment by getting better informed and stimu
lated to think about their own disease. 

Patients’ concerns regarding the dashboard 
Patients’ expressed concerns regarding privacy and the applicability 

of the dashboard towards elderly, non-native speakers and patients with 
limited digital skills. A potential barrier mentioned by multiple patients 
was that discussing the dashboard might exceed the regular consultation 
time. On the contrary, one patient suggested the consultation might be 
more time-efficient: 

Patient 4: I think that both the nephrologist and the patient will be well 
prepared heading into the consultation and when you can see everything 
beforehand, I also think that for the things that aren’t so important at that 
moment, you can get through them more quickly. So, I don’t even think it 
would take longer, because both are so well prepared. 

Another concern was that patients could focus too much on their 
dashboard resulting in increased worrying. The most-frequently 
mentioned concern was that the dashboard should not dominate the 
conversation: 

Patient 2: I think it’s really useful, but it shouldn’t dominate; that it needs 
to be filled in otherwise the consultation won’t be good and we can’t assess 
everything properly. Then, it can steer away from what really matters. It’s a 
supportive tool, not a primary goal. 

Patients’ views on how to use the dashboard in practice 
Patients mentioned that the dashboard requires sufficient explana

tion, both in the dashboard itself (by adding legends and visuals) as well 
as having a HCP explain the dashboard the first time. In addition, a 
patient mentioned that to effectively discuss the dashboard both HCPs 
and patients have to align their perspectives on what to discuss. 

For a full list of identified themes and related key citations see 

Fig. 3. Overview of the variables included in the dashboard and their data sources (including PROMIS-10 [64] and DSI [65].  
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Fig. 4. Development of the design based on the feedback on the dashboard from the participatory methods.  
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Appendix A. 

3.3. Usability tests 

During task one, orientation, patients reported an information over
load on most pages. Patients differed in what information they found 
most important and in their needs for additional explanations. This 
highlighted the importance of ‘layering information’ in order to address 
these varying information needs and reduce information overload. Most 
patient stranded on the overview page and did not use the navigation 
tabs. Additionally, patients did not read explanatory texts and the but
tons for additional information were not used. In task two, navigating 
through the dashboard and identifying topics that you would want to discuss 
during the consultation, patients succeeded in picking the topics relevant 
to them to discuss. The four newly developed PRO questions and kidney 
function were most often chosen. A learning curve was observed; the 
more time patients spent navigating through the dashboard, the more 
acquainted they got with it. In task 3, finding out what you can do yourself 
and how you can do it, patients did not fully succeed in identifying where 
they can work on themselves, since they were not always able to find the 
information buttons and hyperlinks on how to implement treatment 
plans. Thus, it was suggested to explain on the landing-page how to use 
the dashboards’ functions (e.g. navigation, i-buttons, hyperlinks). In 
addition, it was advised to position explanatory texts more closely to the 
visual it’s explaining, using arrows to correctly annotate. Other remarks 
were made on design and user-friendliness, such as enlarging text size 
and being more consistent in lay-out (see Fig. 4 for other remarks on 
design). 

Most patients expected that the dashboard can motivate patients, 
because of the possibility to see progression in treatment goals over 
time. All patients would recommend the dashboard to others, especially 
since the dashboard provides a clear overview of a lifelong disease. See 
Appendix C for an overview of the findings of the usability tests. 

3.4. Final design CKD dashboard 

Findings from the patient focus groups and usability tests were 
incorporated in the final design (Fig. 5). Visual and textual clarifications 
were added to make the dashboard self-explanatory for patients. To help 
prevent information overload and to meet the varying information 
needs, a variety of interactive buttons were used to ‘layer information’. 
Changes were made in contouring, colours, text size, and consistency of 
functionalities, to improve visual clarity and user-friendliness. 

3.5. Focus group healthcare professionals 

The HCPs believed that the dashboard would improve consultation 
conversations by facilitating patients’ priorities/concerns better. Two 
nephrologists argued that sensitive topics such sexual disfunction, might 
be discussed more frequently. Additionally, HCPs indicated that being 
able to provide visual feedback to patients regarding their outcomes 
over time can work motivating: 

HCP7: Showing sodium excretion can be motivating. If people have to 
follow restrictions, you can show that they can actually have an effect and 
what the consequences are and that they can lead to an improvement. It’s nice 
to be able to show people that improvement. I think that it can help with 
motivation. Using the clinical course as a motivator. 

Moreover, participants reasoned that better informing patients on 
their condition can increase their involvement in decision making and 
their treatment plans: 

HCP8: It would save a lot of time if people knew what they were talking 
about. This dashboard actually gives you an insight into how things are going, 
and they can see how things are compared to last time and whether things are 
better, the same or are actually getting worse. And the accompanying ex
planations they can see make it much easier to think about setting treatment 
goals, and thus also much easier to think about what steps you have to take to 

reach those goals. 
The HCP already experienced with dashboarding in rheumatology, 

emphasized the importance of discussing the main treatment goal with 
patients, as patients and HCPs might have different perspectives: 

HCP1: In the questionnaires you ask about the treatment goal. That’s 
pretty complicated. (…) For rheumatology, our treatment goal is to reduce 
disease activity and for kidney disease it’s slowing the progression of the 
kidney damage, but for a patient it might be different, for example being able 
to play with grandchildren. 

A frequently mentioned potential downside of using the dashboard 
in practice was the time-constraints of consultations. However, one HCP 
argued consultation time might be shorter because you already know 
what patients want to discuss. Participants expressed concerns that the 
dashboard could raise the unrealistic expectation that all topics would 
be discussed during the consultation. Other participants suggested these 
high expectations might be resolved by collaboratively setting the 
agenda with the patient and prioritizing what to discuss. 

One nephrologist worried that too quickly ‘diving into’ the dash
board at the beginning of the consultation might result in missing 
important topics. The participants argued that leaving room for a ‘real 
conversation’ would help prevent this: 

HCP3: You just have to allow space to have a conversation before you get 
into the dashboard. Depending on how you feel that goes and what the patient 
says, you should be able to work out what else is going on and whether there is 
something the patient wants to talk about. In my opinion that’s no different to 
what we do now; I think we already start with a conversation before we 
discuss the results. 

Another HCP added that not the dashboard, but the conversation 
should remain central during the consultation: don’t make it [discussing 
the dashboard] the goal, make it a tool to support the conversation (HCP 4). 

Other tips for using the dashboard in practice were mentioned, 
including: getting sufficiently acquainted with the dashboard before 
using it, and always check the dashboard before the consultation to 
identify unexpected findings. Lastly, two HCPs argued that applying 
motivational interviewing combined with the dashboard’s visual feed
back on treatment goals over time can strengthen the effect of the 
dashboard on patient activation. For a full list of identified themes and 
related key citations see Appendix B. 

3.6. Training HCPs in using the dashboard 

Based on findings of the HCP focus group and literature, a training 
was developed for HCPs on how to use the dashboard effectively in 
practice. The content of the training includes: 1) communication tips on 
setting the agenda with the patient and how to the discuss individual 
PRO’s and clinical outcomes, 2) how to incorporate SDM and motiva
tional interviewing when discussing the dashboard, and 3) technical 
instructions for using the dashboard. 

4. Discussion 

In this study, we propose dashboarding as a strategy to present in
dividual outcome information effectively to patients and HCPs, with the 
aim of optimizing patient activation and meeting patients’ information 
needs. This study reports on the participatory development of a dash
board for CKD patients stage G3b-4, visualizing both clinical and PRO- 
data over time, designed for use during the consultation and at home. 
We identified the potential value as viewed by patients and HCPs, 
conditions for design and factors affecting use in clinical practice. 

Our qualitative results show that both HCPs and patients agree that 
the dashboard could enhance patients’ activation by monitoring and 
providing feedback on outcomes. In particular visualizing the outcomes 
over time was considered key to activating patients. In line with earlier 
findings, [31–34] both HCPs and patients expected that measuring and 
presenting PRO’s, especially the Dialysis Symptom Index, may improve 
understanding of one’s condition and increase perceived control over 
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Fig. 5. Final design of the dashboard including the most important design choices.  
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health. Furthermore, both patients and HCPs acknowledged the added 
value of the four PRO questions designed to assess what patients want to 
discuss during the following consultation. They expected these questions 
to enable both HCPs and patients to prepare the consultation and align 
the topic agenda, making the consultation efficient. The four PRO 
questions share similarities to ‘question prompt lists’, of which studies 
show it can increase patient involvement in consultations and improve 
knowledge transfer [51]. In our study, the importance of setting the 
consultation agenda together was reported, which resembles how agenda 
setting is posed as collaborative work in literature [52]. 

With the different participatory methods we identified how to visu
alize the relevant outcomes for HCPs and patients. In the working group 
sessions it was decided that the dashboard would be used in two ways: 
during the consultation and accessed by patients at home. This twofold 
way of using the dashboard made the design requirements complex since 
it had to be concise as well as self-explanatory for patients. The inter
active design, as proposed in the working group, offered a solution for 
this difficulty. It provided the possibility to ‘layer information’, thereby 
preventing information-overload, while still being able to offer in-depth 
information regarding different topics. The latter also helps to meet the 
variation of information needs of patients as identified in this study and 
in literature [24]. Moreover, studies have shown that an interactive 
design in which users can tailor which information they want to receive 
can positively affect users’ information processing, attitude towards 
presented health issues and even affect their health behavior [53]. 

Some design choices based on findings of this study differed from 
literature on visualizing outcomes, such as the decision to visualize 
PRO’s over time with higher-better oriented line graphs including 
threshold lines and explanatory texts. Although patients in this study 
seemed to understand them well and different studies suggest this is the 
best choice of visualization [46,48], a recent review showed that bar 
charts might have a slightly higher interpretation accuracy [54]. 
Furthermore, the use of traffic light colour-coding for clinical metrics is 
advised by studies [55] and frequently used in medical dashboards [43]. 
However, based on comments from the patient members in the working 
group, it was decided against its use for clinical metrics, because it can 
have a demotivating effect. Surprisingly, for PRO-data, patients did not 
have negative associations with this colour scheme and found it clear, 
resembling patients’ and HCPs views in other studies [54]. The different 
views on using traffic light coding for medical metrics and PRO data as 
seen in this study may be explained by the progressive nature of CKD. 
Although patients might be fully committed, the disease is still pro
gressive, which can be (negatively) emphasized by using traffic light 
coding for medical metrics. PRO-data on the other hand, might be 
considered more changeable and reactive to patients’ own behavior and 
feelings. Lastly, during the usability tests the importance of textual ex
planations for visuals was recognized. Although this is no new insight 
and already recommended [46,54], we found that such textual expla
nations only work when correctly placed (near the visual or including an 
arrow) and the texts are large enough and concise. 

An important finding, mentioned by both patients and HCPs, is that 
the dashboard is a tool to support the conversation during the consul
tation, and using it must not be a goal in itself. The HCP-patient rela
tionship and the conversation between them should remain central, in 
order not to miss relevant topics. Such worries about digital tools taking 
precedence over the conversation during consultations have also been 
reported in studies with decision aids [56–58] and screen sharing of the 
EHR [59]. 

A principal limitation of this study is the selection bias in the sample 
of participating patients. The focus groups’ patients were recruited from 
the Dutch Kidney Patient Federation, who may be more involved than 
patients of the general CKD population. Additionally, the patients who 
participated in the usability tests had relatively high education levels. 
Furthermore, due to the COVID19 pandemic, all research methods were 
performed via videoconferencing. This required a minimum of digital 
skills, which may have affected participants’ views on the dashboard. 

Thus, caution should be taken in generalizing the results to the whole 
CKD population and all HCPs providing kidney care. 

This study has implications for everyone developing digital tools that 
aim to visualize outcome information in healthcare. The participatory 
approach with both HCPs and patients, being involved in the early 
phases of development, has proven its worth. This approach resulted in 
an early change in the objectives of the dashboard (i.e. extending to 
accessibility for patients at home), and altering its design drastically. 
Participation of HCPs in development also helped to ensure a solid base 
for implementation of the dashboard [60,61]. 

For others planning on following similar steps in developing a 
dashboard, we recommend to include all potential end-users in the 
working group, ideally including multiple participants per function. As 
this study shows, conducting additional focus groups and usability tests 
with end-users can provide useful insights. For focus groups, four to 
eight persons per group is generally advised [62], which worked well in 
this study for exploring different views in depth. For usability tests, 
including five participants can already help to identify a large part of the 
usability problems [63]. Ideally, the number of participants is depen
dent on when data saturation is reached, which was the case in this study 
after conducting nine usability tests. Preferably,characteristics of the 
participants, that are relevant to how the developed dashboard might be 
received, vary (e.g. age or education level), which can be achieved by 
purposively sampling. 

Next, we will implement the CKD dashboard in a pilot. A mixed- 
methods observational evaluation study will be performed to assess 
the effect of the dashboard on patient activation and SDM. For this end, 
patient questionnaires and audio-recordings of the consultations will be 
collected pre and post dashboard implementation. In the questionnaires 
patients will be asked to provide feedback on the information presented 
in the dashboard. In addition to the study, feedback-sessions will be held 
with HCPs who are using the dashboard in order to explore first expe
riences and identify possibilities for improvements. Other next steps 
include scaling up to other hospitals and continuously improving the 
dashboard based on feedback retrieved from its use in clinical practice. 

5. Conclusion 

A CKD stage 3b-4 dashboard was developed in co-creation with HCPs 
and patients. Both patients and HCPs acknowledged the added value of 
the dashboard when used during consultations, and when it is accessible 
for patients at home. This study shows the potential of dashboarding as a 
strategy to report individual patient outcomes to patients and their cli
nicians effectively. Our findings suggest that using a dashboard for this 
end may facilitate patient activation and SDM, which will be investi
gated in future work. The participatory development approach offered 
valuable insights for dashboard development and implementation, 
which can inform others wishing to develop similar digital support tools. 
In trying to improve care in this era of digital possibilities, continued 
efforts should be made to report on the development of similar tools to 
allow learning from each other’s experiences. 
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Summary table 
What was already known on this topic 
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• Dashboards can enhance information transfer by optimizing clarity 
of the data.  

• Dashboards are increasingly used in healthcare, especially on 
aggregated level to inform healthcare professionals’ quality or clin
ical decisions. The use of dashboards for reporting individual clinical 
and PRO-outcomes to patients during consultations is limited. 

What this study added to our knowledge:  

• This study shows that dashboarding might be a useful tool to report 
individual patients’ outcomes to patients and their clinicians  

• This study provides design and content requirements for a dashboard 
visualizing patients’ individual outcomes designed to be used during 
the consultations and accessible for patients at home  

• Enablers are provided how to best use a dashboard during 
consultations 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

We would like to thank all patients and HCPs involved in developing 
the CKD dashboard. We would also like to thank all the members of the 
working group: J. Hogendoorn, H. Koot, J.A.J. Bart, C.F. van Uden, W. 
M.T. Janssen, S. de Koning, L. van Buren, W.T. Jellema, I.J.A.M. Ver
berk, M.A. van den Dorpel and W.J.W. Bos. We also thank the project 
leader (E. Parent) and business intelligence developer (G. van Waverijn) 
for their devotion during the whole trajectory. Moreover, we express 
gratitude to R. den Haan for his advice during dashboard development, 
W. Konijn for her help in recruiting patients for the focus groups, and 
nieren.nl for their editing work. Lastly, we thank the researchers and 
project members of the rheumatology dashboard in Maasstad hospital 
for sharing their valuable experiences of the Rheumatology dashboard. 

Funding 

This work was supported by a grant from St. Antonius hospital and 
funding from the Netherlands Organization for Health Research and 
development (ZonMW) (registration number 516007001).  

Appendix A. Identified themes and key citations focus group patients 

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

11

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

12

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

13

Appendix B. Identified themes and key citations focus group healthcare professionals 

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

14

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

15

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

16

Appendix C. Main findings usability testing 

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

17

D.E.M. van der Horst et al.                                                                                                                                                                                                                   



International Journal of Medical Informatics 166 (2022) 104838

18

References 

[1] V. Jha, G. Garcia-Garcia, K. Iseki, Z. Li, S. Naicker, B. Plattner, R. Saran, A.- 
M. Wang, C.-W. Yang, Chronic kidney disease: Global dimension and perspectives, 
The Lancet 382 (9888) (2013) 260–272, https://doi.org/10.1016/S0140-6736(13) 
60687-X. 

[2] GBD Chronic Kidney Disease Collaboration, Global, regional, and national burden 
of chronic kidney disease, 1990–2017: a systematic analysis for the Global Burden 
of Disease Study 2017, The Lancet. 395 (2020) 709–733. https://doi.org/10.1016/ 
S0140-6736(20)30045-3. 

[3] W.G. Couser, G. Remuzzi, S. Mendis, M. Tonelli, The contribution of chronic kidney 
disease to the global burden of major noncommunicable diseases, Kidney Int. 80 
(12) (2011) 1258–1270, https://doi.org/10.1038/ki.2011.368. 

[4] A.S. Levey, R. Atkins, J. Coresh, E.P. Cohen, A.J. Collins, K.-U. Eckardt, M.E. Nahas, 
B.L. Jaber, M. Jadoul, A. Levin, N.R. Powe, J. Rossert, D.C. Wheeler, N. Lameire, 
G. Eknoyan, Chronic kidney disease as a global public health problem: Approaches 
and initiatives - A position statement from Kidney Disease Improving Global 
Outcomes, Kidney Int. 72 (3) (2007) 247–259, https://doi.org/10.1038/sj. 
ki.5002343. 

[5] Kidneydisease, KDIGO 2012 Clinical Practice Guideline for the Evaluation and 
Management of Chronic Kidney Disease, Official Journal of the International 
Society of Nephrology. 3 (2013). 

[6] L.C. Plantinga, D.S. Tuot, N.R. Powe, Awareness of Chronic Kidney Disease Among 
Patients and Providers, Adv. Chronic Kidney Dis. 17 (3) (2010) 225–236, https:// 
doi.org/10.1053/j.ackd.2010.03.002. 

[7] A.O. Molnar, A. Akbari, K.S. Brimble, Perceived and Objective Kidney Disease 
Knowledge in Patients With Advanced CKD Followed in a Multidisciplinary CKD 
Clinic, 205435812090315, Can. J. Kidney Health Dis. 7 (2020), https://doi.org/ 
10.1177/2054358120903156. 

[8] J.A. Wright Nunes, K.A. Wallston, S.K. Eden, A.K. Shintani, T. Alp Ikizler, K. 
L. Cavanaugh, Associations among perceived and objective disease knowledge and 
satisfaction with physician communication in patients with chronic kidney disease, 
Kidney Int. 80 (12) (2011) 1344–1351, https://doi.org/10.1038/ki.2011.240. 

[9] J. Wright, K. Wallston, T. Elasy, T. Ikizler, KL. v Cavanaugh, Development and 
Results of a Kidney Disease Knowledge Survey Given to Patients With CKD, Am J 
Kidney Dis. 57 (2010) 387–395. https://doi.org/10.1053/j.ajkd.2010.09.018. 
Development. 

[10] D.S. Tuot, L.C. Plantinga, What patients dont know may hurt them: Knowledge and 
the perception of knowledge among patients with CKD, Kidney Int. 80 (12) (2011) 
1256–1257, https://doi.org/10.1038/ki.2011.269. 

[11] J.H. Hibbard, J. Stockard, E.R. Mahoney, M. Tusler, Development of the patient 
activation measure (PAM): Conceptualizing and measuring activation in patients 
and consumers, Health Serv. Res. 39 (2004) 1005–1026, https://doi.org/10.1111/ 
j.1475-6773.2004.00269.x. 

[12] D. Nair, K.L. Cavanaugh, Measuring patient activation as part of kidney disease 
policy: Are we there yet? J. Am. Soc. Nephrol. 31 (7) (2020) 1435–1443, https:// 
doi.org/10.1681/ASN.2019121331. 

[13] T.J. Wilkinson, K. Memory, C.J. Lightfoot, J. Palmer, A.C. Smith, Determinants of 
patient activation and its association with cardiovascular disease risk in chronic 
kidney disease: A cross-sectional study, Health Expect. 24 (3) (2021) 843–852, 
https://doi.org/10.1111/hex.13225. 

[14] J.H. Hibbard, J. Greene, What the evidence shows about patient activation: Better 
health outcomes and care experiences; fewer data on costs, Health Aff. 32 (2) 
(2013) 207–214, https://doi.org/10.1377/hlthaff.2012.1061. 

[15] S. Rogvi, I. Tapager, T.P. Almdal, M.L. Schiøtz, I. Willaing, Patient factors and 
glycaemic control - associations and explanatory power, Diabet. Med. 29 (2012) 
382–389, https://doi.org/10.1111/j.1464-5491.2012.03703.x. 

[16] D.M. Mosen, J. Schmittdiel, J. Hibbard, D. Sobel, C. Remmers, J. Bellows, Is patient 
activation associated with outcomes of care for adults with chronic conditions? 
J. Ambulatory Care Manage. 30 (1) (2007) 21–29, https://doi.org/10.1097/ 
00004479-200701000-00005. 

[17] J. Greene, J.H. Hibbard, Why does patient activation matter? An examination of 
the relationships between patient activation and health-related outcomes, 
J. General Internal Med. 27 (5) (2012) 520–526, https://doi.org/10.1007/s11606- 
011-1931-2. 

[18] J. Greene, J.H. Hibbard, R. Sacks, V. Overton, C.D. Parrotta, When patient 
activation levels change, health outcomes and costs change, too, Health Aff. 34 (3) 
(2015) 431–437, https://doi.org/10.1377/hlthaff.2014.0452. 

[19] N. Begum, M. Donald, I.Z. Ozolins, J.o. Dower, Hospital admissions, emergency 
department utilisation and patient activation for self-management among people 
with diabetes, Diabetes Res. Clin. Pract. 93 (2) (2011) 260–267, https://doi.org/ 
10.1016/j.diabres.2011.05.031. 

[20] M. Donald, R.S. Ware, I.Z. Ozolins, N. Begum, R. Crowther, C. Bain, The role of 
patient activation in frequent attendance at primary care: A population-based 
study of people with chronic disease, Patient Educ. Couns. 83 (2) (2011) 217–221, 
https://doi.org/10.1016/j.pec.2010.05.031. 

[21] R.L. Kinney, S.C. Lemon, S.D. Person, S.L. Pagoto, J.S. Saczynski, The association 
between patient activation and medication adherence, hospitalization, and 
emergency room utilization in patients with chronic illnesses: A systematic review, 
Patient Educ. Couns. 98 (5) (2015) 545–552, https://doi.org/10.1016/j. 
pec.2015.02.005. 

[22] P. C. Remmers, PhD; J. Hibbard, DrPH; D.M. Mosen, PhD; M. Wagenfield, PhD; R.E. 
Hoye, PhD; C. Jones, Is Patient Activation Associated With Future Health Outcomes 
and Healthcare Utilization Among Patients With Diabetes?, J Ambulatory Care 
Manage. 32 (2009) 320–327. 

[23] J.B. Fowles, P. Terry, M. Xi, J. Hibbard, C.T. Bloom, L. Harvey, Measuring self- 
management of patients’ and employees’ health: Further validation of the Patient 
Activation Measure (PAM) based on its relation to employee characteristics, 
Patient Educ. Couns. 77 (1) (2009) 116–122, https://doi.org/10.1016/j. 
pec.2009.02.018. 

[24] Y. de Jong, E.M. van der Willik, J. Milders, Y. Meuleman, R.L. Morton, F. 
W. Dekker, M. van Diepen, Person centred care provision and care planning in 
chronic kidney disease: which outcomes matter? A systematic review and thematic 
synthesis of qualitative studies, BMC Nephrology 22 (2021) 1–16, https://doi.org/ 
10.1186/s12882-021-02489-6. 

[25] M.E. Porter, What Is Value in Health Care? The New England J. Med. 363 (26) 
(2010) 2477–2481. 

[26] J.A.M. Gray, Redefining Health Care: Creating Value-Based Competition on 
Results, Harvard Business School Press, Boston 333 (7571) (2006) 760.1, https:// 
doi.org/10.1136/bmj.333.7571.760. 

[27] W.R. Verberne, Z. Das-Gupta, A.S. Allegretti, H.A.J. Bart, W. van Biesen, G. García- 
García, E. Gibbons, E. Parra, M.H. Hemmelder, K.J. Jager, M. Ketteler, C. Roberts, 
M. Al Rohani, M.J. Salt, A. Stopper, T. Terkivatan, K.R. Tuttle, C.-W. Yang, D. 
C. Wheeler, W.J.W. Bos, Development of an International Standard Set of Value- 
Based Outcome Measures for Patients With Chronic Kidney Disease: A Report of the 
International Consortium for Health Outcomes Measurement (ICHOM) CKD 
Working Group, Am. J. Kidney Dis. 73 (3) (2019) 372–384, https://doi.org/ 
10.1053/j.ajkd.2018.10.007. 

[28] H. Leventhal, D. Meyer, D. Nerenz, S. Rachman, The common sense representation 
of illness danger, Contributions Med. Psychol. 2 (1980) 7–30. 

D.E.M. van der Horst et al.                                                                                                                                                                                                                   

https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1038/ki.2011.368
https://doi.org/10.1038/sj.ki.5002343
https://doi.org/10.1038/sj.ki.5002343
https://doi.org/10.1053/j.ackd.2010.03.002
https://doi.org/10.1053/j.ackd.2010.03.002
https://doi.org/10.1177/2054358120903156
https://doi.org/10.1177/2054358120903156
https://doi.org/10.1038/ki.2011.240
https://doi.org/10.1038/ki.2011.269
https://doi.org/10.1111/j.1475-6773.2004.00269.x
https://doi.org/10.1111/j.1475-6773.2004.00269.x
https://doi.org/10.1681/ASN.2019121331
https://doi.org/10.1681/ASN.2019121331
https://doi.org/10.1111/hex.13225
https://doi.org/10.1377/hlthaff.2012.1061
https://doi.org/10.1111/j.1464-5491.2012.03703.x
https://doi.org/10.1097/00004479-200701000-00005
https://doi.org/10.1097/00004479-200701000-00005
https://doi.org/10.1007/s11606-011-1931-2
https://doi.org/10.1007/s11606-011-1931-2
https://doi.org/10.1377/hlthaff.2014.0452
https://doi.org/10.1016/j.diabres.2011.05.031
https://doi.org/10.1016/j.diabres.2011.05.031
https://doi.org/10.1016/j.pec.2010.05.031
https://doi.org/10.1016/j.pec.2015.02.005
https://doi.org/10.1016/j.pec.2015.02.005
https://doi.org/10.1016/j.pec.2009.02.018
https://doi.org/10.1016/j.pec.2009.02.018
https://doi.org/10.1186/s12882-021-02489-6
https://doi.org/10.1186/s12882-021-02489-6
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0125
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0125
https://doi.org/10.1136/bmj.333.7571.760
https://doi.org/10.1136/bmj.333.7571.760
https://doi.org/10.1053/j.ajkd.2018.10.007
https://doi.org/10.1053/j.ajkd.2018.10.007
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0140
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0140


International Journal of Medical Informatics 166 (2022) 104838

19

[29] H. Leventhal, L. Brissette, E. Leventhal, The self-regulation of health and illness 
behaviour, The Self-Regulation of Health and Illness, Behaviour (2003) 42–60, 
https://doi.org/10.4324/9780203553220. 

[30] World Health Organization, Adherence to long-term therapies - evidence for 
action, 2003. https://doi.org/10.1177/1049909112449068. 

[31] J. Greenhalgh, K. Gooding, E. Gibbons, S. Dalkin, J. Wright, J. Valderas, N. Black, 
How do patient reported outcome measures (PROMs) support clinician-patient 
communication and patient care? A realist synthesis, J. Patient-Reported Outcomes 
2 (1) (2018), https://doi.org/10.1186/s41687-018-0061-6. 

[32] J. Field, M.M. Holmes, D. Newell, PROMs data: can it be used to make decisions for 
individual patients? A narrative review, Patient Related Outcome Measures 10 
(2019) 233–241, https://doi.org/10.2147/prom.s156291. 

[33] D. Feldman-Stewart, M.D. Brundage, A conceptual framework for patient – 
provider communication : a tool in the PRO research tool box, Qual. Life Res. 18 
(2009) 109–114, https://doi.org/10.1007/s11136-008-9417-3. 

[34] L.Y. Yang, D.S. Manhas, A.F. Howard, R.A. Olson, Patient-reported outcome use in 
oncology: a systematic review of the impact on patient-clinician communication, 
Support. Care Cancer 26 (1) (2018) 41–60, https://doi.org/10.1007/s00520-017- 
3865-7. 

[35] O.C. Damman, M.E.A. Verbiest, S.I. Vonk, M.C. De Bruijne, M.J. Faber, Using 
PROMs during routine medical consultations: The perspectives of people with 
Parkinson ’ s disease and their health professionals, (2019) 939–951. https://doi. 
org/10.1111/hex.12899. 

[36] P.B. van der Nat, The new strategic agenda for value transformation, Health 
Services Manage. Res. 35 (3) (2022) 189–193, https://doi.org/10.1177/ 
09514848211011739. 

[37] Y. La Grouw, K. Kee, S. Ybema Hilde Taverne, L. Boonen Praktijkonderzoek iov het 
Zorginstituut Nederland, Samen Beslissen in de praktijk, (2019). 

[38] G. Steinmann, H. Van De Bovenkamp, A. De Bont, D. Delnoij, Redefining value: a 
discourse analysis on value-based health care, BMC Health Services Res. 20 (2020) 
1–13, https://doi.org/10.1186/s12913-020-05614-7. 

[39] B.Y. Poon, S.M. Shortell, H.P. Rodriguez, Patient Activation as a Pathway to Shared 
Decision-making for Adults with Diabetes or Cardiovascular Disease, J. Gen. Intern. 
Med. 35 (3) (2020) 732–742, https://doi.org/10.1007/s11606-019-05351-6. 

[40] S.G. Smith, A. Pandit, S.R. Rush, M.S. Wolf, C.J. Simon, The role of patient 
activation in preferences for shared decision making: Results from a national 
survey of U.S. Adults, J. Health Commun. 21 (1) (2016) 67–75, https://doi.org/ 
10.1080/10810730.2015.1033115. 

[41] R.P.C. Kessels, Patients’ memory for medical information, J. R. Soc. Med. 96 
(2003) 219–222. 

[42] S. Few, Information dashboard design, Analytics Press, 2013. https://doi.org/ 
10.1002/9781119198048.part2. 

[43] D. Dowding, R. Randell, P. Gardner, G. Fitzpatrick, P. Dykes, J. Favela, S. Hamer, 
Z. Whitewood-Moores, N. Hardiker, E. Borycki, L. Currie, Dashboards for 
improving patient care: Review of the literature, Int. J. Med. Inf. 84 (2) (2015) 
87–100, https://doi.org/10.1016/j.ijmedinf.2014.10.001. 

[44] K.I. Fischer, D. De Faoite, M. Rose, Patient-reported outcomes feedback report for 
knee arthroplasty patients should present selective information in a simple design - 
findings of a qualitative study, J. Patient-Reported Outcomes 4 (1) (2020), https:// 
doi.org/10.1186/s41687-020-0173-7. 

[45] L. Grossman, S. Feiner, E. Mitchell, R. Masterson Creber, Leveraging Patient- 
Reported Outcomes Using Data Visualization, Appl. Clin. Inform. 09 (03) (2018) 
565–575, https://doi.org/10.1055/s-0038-1667041. 

[46] M. Reading Turchioe, L.V. Grossman, A.C. Myers, D. Baik, P. Goyal, R. 
M. Masterson Creber, Visual analogies, not graphs, increase patients’ 
comprehension of changes in their health status, J. Am. Med. Inform. Assoc. 27 (5) 
(2020) 677–689, https://doi.org/10.1093/jamia/ocz217. 

[47] E.T. Bantug, T. Coles, K.C. Smith, C.F. Snyder, J. Rouette, M.D. Brundage, 
Graphical displays of patient-reported outcomes (PRO) for use in clinical practice: 
What makes a pro picture worth a thousand words? Patient Educ. Couns. 99 (4) 
(2016) 483–490, https://doi.org/10.1016/j.pec.2015.10.027. 

[48] C.F. Snyder, K.C. Smith, E.T. Bantug, E.E. Tolbert, A.L. Blackford, M.D. Brundage, 
N.K. Aaronson, P.A. Ganz, R. Garg, F. Michael, V. Hoffman, B.B. Reeve, E. Stotsky- 
Himelfarb, E. Stovall, M. Zachary, What do these scores mean? Presenting patient- 

reported outcomes data to patients and clinicians to improve interpretability, 
Cancer 123 (2017) 1848–1859, https://doi.org/10.1002/cncr.30530. 

[49] A. Weel, M. Kok, D. Lopes Barreto, Better Experiences for Inflammatory Arthritis 
Patients Through Value-Based Patient, in: N. van Weert, J. Hazelzet (Eds.), 
Personalized Specialty Care: Value-Based Healthcare Frontrunners from the 
Netherlands, Springer International Publishing, Cham, 2021, pp. 95–100, https:// 
doi.org/10.1007/978-3-030-63746-0_13. 

[50] A. Tong, P. Sainsbury, J. Craig, Consolidated criteria for reporting qualitative 
research (COREQ): A 32-item checklist for interviews and focus groups, Int. J. 
Qual. Health Care 19 (2007) 349–357, https://doi.org/10.1093/intqhc/mzm042. 

[51] J.E. Sansoni, P. Grootemaat, C. Duncan, Question Prompt Lists in health 
consultations : A review, Patient Educ. Couns. 98 (2015) 1454–1464, https://doi. 
org/10.1016/j.pec.2015.05.015. 

[52] N. Gobat, P. Kinnersley, J.W. Gregory, M. Robling, What is agenda setting in the 
clinical encounter? Consensus from literature review and expert consultation, 
Patient Educ. Counseling. 98 (2015) 822–829, https://doi.org/10.1016/j. 
pec.2015.03.024. 

[53] F. Yang, Data Visualization for Health and Risk Communication, The Handbook of 
Applied, in: H.D. O’Hair, M.J. O’Hair (Eds.), The Handbook of Applied 
Communication Research, Wiley, 2020, pp. 213–232, https://doi.org/10.1002/ 
9781119399926.ch13. 

[54] E.A.C. Albers, I. Fraterman, I. Walraven, E. Wilthagen, S.B. Schagen, I.M. van der 
Ploeg, M.W.J.M. Wouters, L.V. van de Poll-Franse, K.M. de Ligt, Visualization 
formats of patient-reported outcome measures in clinical practice: a systematic 
review about preferences and interpretation accuracy, J. Patient Rep. Outcomes 6 
(1) (2022), https://doi.org/10.1186/s41687-022-00424-3. 

[55] A. Arcia, N. Suero-Tejeda, M.E. Bales, J.A. Merrill, S. Yoon, J. Woollen, S. Bakken, 
Sometimes more is more: Iterative participatory design of infographics for 
engagement of community members with varying levels of health literacy, J. Am. 
Med. Inform. Assoc. 23 (2016) 174–183, https://doi.org/10.1093/jamia/ocv079. 

[56] C. Charles, A. Gafni, E. Freeman, Implementing shared treatment decision making 
and treatment decision aids: A cautionary tale, Psicooncologia 7 (2010) 243–255, 
https://doi.org/10.5209/rev_PSIC.2010.v7.n2.15870. 

[57] Z. Mohd Don, A. Syed, Patient Decision Aids in Doctor-Patient Consultations: 
Treatment Decision Making on Starting Insulin, Sains Humanika. 9 (2017). https:// 
doi.org/10.11113/sh.v9n4-2.1365. 

[58] K.D. Wyatt, M.E. Branda, R.T. Anderson, L.J. Pencille, V.M. Montori, E.P. Hess, H. 
H. Ting, A. LeBlanc, Peering into the black box: A meta-analysis of how clinicians 
use decision aids during clinical encounters, Implementation Sci. 9 (2014) 1–10, 
https://doi.org/10.1186/1748-5908-9-26. 

[59] C. Rathert, J.N. Mittler, S. Banerjee, J. McDaniel, Patient-centered communication 
in the era of electronic health records: What does the evidence say? Patient Educ. 
Couns. 100 (1) (2017) 50–64, https://doi.org/10.1016/j.pec.2016.07.031. 

[60] B.J. Powell, T.J. Waltz, M.J. Chinman, L.J. Damschroder, J.L. Smith, M. 
M. Matthieu, E.K. Proctor, J.A.E. Kirchner, A refined compilation of 
implementation strategies: Results from the Expert Recommendations for 
Implementing Change (ERIC) project, Implementation Sci. 10 (2015) 1–14, 
https://doi.org/10.1186/s13012-015-0209-1. 

[61] M.B. Boyce, J.P. Browne, J. Greenhalgh, The experiences of professionals with 
using information from patient-reported outcome measures to improve the quality 
of healthcare: a systematic review of qualitative research, BMJ Quality and Safety 
23 (6) (2014) 508–518. 

[62] D. Morgan, Focus groups, Annu. Rev. Sociol. 22 (1996) 129–152, https://doi.org/ 
10.1002/9781118339893.wbeccp225. 

[63] J.R. Lewis, Sample sizes for usability studies: Additional considerations, Hum. 
Factors 36 (2) (1994) 368–378, https://doi.org/10.1177/001872089403600215. 

[64] C.B. Terwee, L.D. Roorda, H.C.W. de Vet, J. Dekker, R. Westhovens, J. van 
Leeuwen, D. Cella, H. Correia, B. Arnold, B. Perez, M. Boers, Dutch-Flemish 
translation of 17 item banks from the Patient-Reported Outcomes Measurement 
Information System (PROMIS), Qual. Life Res. 23 (2014) 1733–1741, https://doi. 
org/10.1007/s11136-013-0611-6. 

[65] S.D. Weisbord, L.F. Fried, R.M. Arnold, A.J. Rotondi, M.J. Fine, D.J. Levenson, G. 
E. Switzer, Development of a symptom assessment instrument for chronic 
hemodialysis patients: The dialysis symptom index, J. Pain Symptom Manage. 27 
(3) (2004) 226–240, https://doi.org/10.1016/j.jpainsymman.2003.07.004. 

D.E.M. van der Horst et al.                                                                                                                                                                                                                   

https://doi.org/10.4324/9780203553220
https://doi.org/10.1186/s41687-018-0061-6
https://doi.org/10.2147/prom.s156291
https://doi.org/10.1007/s11136-008-9417-3
https://doi.org/10.1007/s00520-017-3865-7
https://doi.org/10.1007/s00520-017-3865-7
https://doi.org/10.1177/09514848211011739
https://doi.org/10.1177/09514848211011739
https://doi.org/10.1186/s12913-020-05614-7
https://doi.org/10.1007/s11606-019-05351-6
https://doi.org/10.1080/10810730.2015.1033115
https://doi.org/10.1080/10810730.2015.1033115
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0205
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0205
https://doi.org/10.1016/j.ijmedinf.2014.10.001
https://doi.org/10.1186/s41687-020-0173-7
https://doi.org/10.1186/s41687-020-0173-7
https://doi.org/10.1055/s-0038-1667041
https://doi.org/10.1093/jamia/ocz217
https://doi.org/10.1016/j.pec.2015.10.027
https://doi.org/10.1002/cncr.30530
https://doi.org/10.1007/978-3-030-63746-0_13
https://doi.org/10.1007/978-3-030-63746-0_13
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1016/j.pec.2015.05.015
https://doi.org/10.1016/j.pec.2015.05.015
https://doi.org/10.1016/j.pec.2015.03.024
https://doi.org/10.1016/j.pec.2015.03.024
https://doi.org/10.1002/9781119399926.ch13
https://doi.org/10.1002/9781119399926.ch13
https://doi.org/10.1186/s41687-022-00424-3
https://doi.org/10.1093/jamia/ocv079
https://doi.org/10.5209/rev_PSIC.2010.v7.n2.15870
https://doi.org/10.1186/1748-5908-9-26
https://doi.org/10.1016/j.pec.2016.07.031
https://doi.org/10.1186/s13012-015-0209-1
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0305
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0305
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0305
http://refhub.elsevier.com/S1386-5056(22)00152-6/h0305
https://doi.org/10.1002/9781118339893.wbeccp225
https://doi.org/10.1002/9781118339893.wbeccp225
https://doi.org/10.1177/001872089403600215
https://doi.org/10.1007/s11136-013-0611-6
https://doi.org/10.1007/s11136-013-0611-6
https://doi.org/10.1016/j.jpainsymman.2003.07.004

	Optimizing the use of patients’ individual outcome information – Development and usability tests of a Chronic Kidney Diseas ...
	1 Introduction
	2 Methods
	2.1 Working groups
	2.2 Focus groups with patients
	2.3 Usability tests
	2.4 Focus group HCPs
	2.5 Data analysis

	3 Results
	3.1 Working group sessions
	3.1.1 Objectives
	3.1.2 Content
	3.1.3 Design

	3.2 Focus groups patients
	3.2.1 Part one: Current way of consultations
	3.2.2 Part two: patients’ vision on the preliminary design of the dashboard

	3.3 Usability tests
	3.4 Final design CKD dashboard
	3.5 Focus group healthcare professionals
	3.6 Training HCPs in using the dashboard

	4 Discussion
	5 Conclusion
	6 Authors’ contribution
	Declaration of Competing Interest
	Acknowledgements
	Funding
	Appendix A Identified themes and key citations focus group patients
	Appendix B Identified themes and key citations focus group healthcare professionals
	Appendix C Main findings usability testing
	References


