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Abstract

Background
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 conditions 

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 

overshadow the conversation. Lastly, findings of the usability tests provided design 

requirements 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.
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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 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, emphasizing 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 information 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 interventions 

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 
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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 patients, 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 expected 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 information 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 individual 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 individual outcomes in the post consultation 

letter available to patients, however this doesn’t show the outcomes over time and 

doesn’t incorporate 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 visualization 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.

6
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Figure 1. Conceptual model of how reporting individual patient outcomes can increase 

self-management behaviour and ultimately clinical outcomes. PRO’s=patient-reported out-

comes, SDM=Shared Decision Making

Figure 2. Overview of dashboard development, HCP=Healthcare Professional
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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 consultations [49].

Table 1. Details on research instruments used in dashboard development. HCP=Healthcare 

professional, CKD=Chronic Kidney Disease

2.1.  Working groups
The multidisciplinary working group that directly informed dashboard development 

consisted of HCPs of three hospitals, two kidney patients (recruited by the Dutch Kidney 

Patient Association) and a representative of the Dutch Kidney Patient Association 

(Table 1). The project leader (EP) and researcher DH, led the working group. Topics 

discussed in the working group sessions concerned the dashboard objectives, content 

and design. Dashboard variables were selected from a longlist of outcome information 

(both PRO’s and clinical data). Variables 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.

6
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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 dashboard 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 dashboard 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 willingness to use it (for the interview questions 

see Supplement 3).

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.
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However, the patients in the working group stated that the dashboard 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).

Figure 3. Overview of the variables included in the dashboard and their data sources
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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 demotivating 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 themselves 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 

dashboard 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. 6
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Figure 4. Development of the design based on the feedback on the dashboard from the  

participatory methods.

(1)  RRT = renal replacement therapy

(2)  Throughout the dashboard, per topic, hyperlinks can be found forwarding to the informative website of the national 

Kidney Foundation and Kidney Patient Federation for additional information (nieren.nl).
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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. Patients’ 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 

6
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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 understand CKD – Patient 3: I think this [DSI] 

is a good addition, because there were issues that I hadn’t connected to renal function. 

The benefit of visualizing 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 associations 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.
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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 stimulated 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 overshadow the conversation:

6
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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 explanation, 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 Supplement 1.

3.3. Usability tests
During task one, orientation, patients reported an information overload 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 buttons 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 Supplement 3 for an overview of the findings of the usability tests.
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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 explanations 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:

6
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Figure 5: Final design of the dashboard including the most important design choices

The images are screenshots of the CKD dashboard (translated from Dutch) containing data of a non-existing patient. 

Normally, the dashboard is interactive revealing explanatory texts or graphs when clicking on buttons. Throughout the 

dashboard, per topic, hyperlinks can be found forwarding to the informative website nieren.nl. The dashboard can be directly 

opened by HCPs through a link in the patients’ EHR.

(1)  Nieren.nl = informative website of the national Kidney Foundation and Kidney Patient federation for additional 

information 

(2)  RRT = renal replacement therapy

(3)  CEFRL = Common European Framework of Reference for Languages

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 dashboard 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 

6
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dashboard before the consultation to identify unexpected findings. Lastly, two HCPs 

argued that applying motivational interviewing combined with the dashboard’s visual 

feedback 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 

Supplement 2.

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 

motivational 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 individual 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 dashboard 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 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 
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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 visualize 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 interactive 

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 progressive, 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 

explanations for visuals was recognized. Although this is no new insight and already 

recommended [46,54], we found that such textual explanations only work when correctly 

placed (near the visual or including an arrow) and the texts are large enough and concise.

6
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An important finding, mentioned by both patients and HCPs, is that the dashboard is 

a tool to support the conversation during the consultation, and using it must not be a 

goal in itself. The HCP-patient relationship 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 dependent 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 
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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 experiences 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 clinicians effectively. Our findings suggest that using a dashboard for 

this end may facilitate patient activation and SDM, which will be investigated 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.

Summary table

What was already known on this topic
•	 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 clinical 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

6
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•	 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
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Development and usability tests of a Chronic Kidney Disease dashboard
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Development and usability tests of a Chronic Kidney Disease dashboard
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Supplement 3. 

Main findings usability testing

Usability tests

Tasks performed by participants

Tasks Main findings

Task 1: orientation: navigate through the 
dashboard freely

Observations:
• � Most participants strand on the overview page and do not click on 

the other tabs. Navigation tabs are unclear.
• � Most tabs are too full, participants experience an overload of 

information the first time they click through the dashboard.
• � Inconsistency in the dashboard becomes clear from remarks of 

patients
• � Text size is too small to comfortably read explanatory texts
• � Participants do not read the explanatory texts throughout 

dashboard leading to misunderstanding visualizations and graphs
• � Buttons for additional information or visualizing variable over time 

unclear
Remarks participants:
• � Four newly developed PRO questions (Figure 3) are reported to 

work as mnemonic questions to discuss during consultation
• � Information regarding symptoms and mental health is deemed 

important and especially relevant to be able to see over a longer 
period of time

• � Participants recognize many symptoms in the symptoms-page 
from which they didn’t know it could be related to their kidney 
disease

Task 2: while navigating through the dashboard, 
choose two topics from the dashboard that you 
would want to discuss with your nephrologist 
during consultation

Observations:
• � Learning curve in using the dashboard observed
Remark participants:
• � The four newly develop PRO questions (Figure 3) are chosen to 

discuss with their nephrologist by most patients. Thereafter 
kidney function was mentioned most.

Task 3: where do you think you can work on 
yourself after viewing the information in the 
dashboard?

Observations:
• � Participants focus mostly on the overview page and need help 

to find the additional information buttons in the dashboard that 
elaborate on how to improve certain variables.

• � Participants need help to find the hyperlinks transferring to an 
informative website (including self-management tips).

Remark participants:
• � Many participants express that they think they have little 

influence on their disease trajectory, but would like to have more 
influence. Few participants are already active in their treatment 
(i.e. focusing on diet)

6
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Interview questions

Interview questions Responses patients

How can using the dashboard be of value/
useful?

• � The dashboard helps to give an overview over time, which is useful 
especially since CKD has a long trajectory

• � Useful for preparing the consultation
• � Useful to review discussed information during the consultation 

and being able to discuss it with your partner/family
• � Useful to see where you stand; how you are doing

Which page do you think is most useful? • � Most participants agreed on ‘the overview page’ as most useful, 
displaying the kidney function and summary of what you want to 
discuss during the consultation

• � One participant found all pages equally important and useful
• � One patient: ‘health status in general’
• � One patient: ‘treatment goals slowing down kidney damage’

If you can change everything, what would you 
change?

• � Make all buttons more clear in order to quickly find all the 
additional information

• � Add breathing exercises or other modules that could enhance 
physical experience

• � Have more explanations of the visuals
• � Introduce the dashboard with a movie with instructions or 

explanation by someone with experience in using it (e.g. clinician 
or nurse)

• � Change colour scheme to something less ‘intense’
• � Enlarge text size

Would you recommend the dashboard to a 
friend (who has CKD)?

• � Everyone would recommend the dashboard to others. Two 
participants added; especially when you get used to working with 
the dashboard it has additional value.

• � One participant indicated that it helps to get more grip on your 
situation and see the progress you make in your treatment which 
can work motivating.

Scale 0-10 (10 best) how would you grade the 
dashboard overall?

Mean 8 (min 7- max 9)
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 Supplement chapter 6  Images of the dashboard.

The following section provides images of the CKD dashboard as it was used during the 

studies. This section is not a published supplement of the study in chapter 6. We added 

this section to provide the CKD dashboard as used in the studies and to present the 

included data, used visualization and click-through options within the dashboard.

The link below shows a video (in Dutch) that explains the CKD dashboard by both a 

nephrologist and a patient.

https://www.youtube.com/watch?v=u2sulnuJ7uQ

The following images are screenshots of the CKD dashboard (in Dutch) containing data of 

a non-existing patient. Normally, the dashboard is interactive revealing explanatory texts 

or graphs when clicking on buttons. Throughout the dashboard, per topic, hyperlinks 

can be found forwarding to the informative website nieren.nl. The dashboard can be 

directly opened by clinicians through a link in the patients’ Electronic Health Record. 

The following images contain explanatory texts explaining how the dashboard is used 

(in Dutch).
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