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Abstract 

Background Both memory clinic professionals and patients see value in digital tools, yet these hardly find their way 
to clinical practice. We explored the usability of a digital tool to support the diagnostic work‑up in daily memory 
clinic practice. We evaluated four modules that integrate multi‑modal patient data (1.cognitive test; cCOG, and 2. MRI 
quantification; cMRI) into useful diagnostic information for clinicians (3. cDSI) and understandable and personalized 
information for patients (4. patient report).

Methods We conducted a mixed‑methods study in five Dutch memory clinics. Fourteen clinicians (11 geriatric spe‑
cialists/residents, two neurologists, one nurse practitioner) were invited to integrate the tool into routine care with 43 
new memory clinic patients. We evaluated usability and user experiences through quantitative data from ques‑
tionnaires (patients, care partners, clinicians), enriched with thematically analyzed qualitative data from interviews 
(clinicians).

Results We observed wide variation in tool use among clinicians. Our core findings were that clinicians: 1) were 
mainly positive about the patient report, since it contributes to patient‑centered and personalized communication. 
This was endorsed by patients and care partners, who indicated that the patient report was useful and understand‑
able and helped them to better understand their diagnosis, 2) considered the tool acceptable in addition to their own 
clinical competence, 3) indicated that the usefulness of the tool depended on the patient population and purpose 
of the diagnostic process, 4) addressed facilitators (ease of use, practice makes perfect) and barriers (high workload, 
lack of experience, data unavailability).

Conclusion This multicenter usability study revealed a willingness to adopt a digital tool to support the diagnostic 
process in memory clinics. Clinicians, patients, and care partners appreciated the personalized diagnostic report. More 
attention to education and training of clinicians is needed to utilize the full functionality of the tool and foster imple‑
mentation in actual daily practice. These findings provide an important step towards a lasting adoption of digital tools 
in memory clinic practice.
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Introduction
Due to the aging population, by 2050, the number of peo-
ple with dementia is expected to double [1]. Moreover, 
when novel disease-modifying therapies (DMTs) become 
available, this will have an additional impact on patient 
flow to memory clinics [2]. For all these people, a timely 
and accurate diagnosis is important, as even without a 
cure for neurodegenerative disorders, a timely diagnosis 
and, thus, appropriate care influences the disease trajec-
tory, improve quality of life, delay institutionalization, 
and aid in future planning [3, 4].

The number of diagnostic tests and biomarkers avail-
able to ensure a timely and accurate diagnosis of the 
underlying neurodegenerative disease causing demen-
tia is increasing, and new assessment tools, including 
digital technologies, develop rapidly [3, 5, 6]. Diagnostic 
tests, including neuropsychological testing, magnetic 
resonance imaging (MRI), and biomarkers such as amy-
loid and tau in cerebrospinal fluid (CSF), can aid in dif-
ferential diagnosis. However, guidelines for optimally 
interpreting tests are lacking, resulting in broad practice 
variation in applying and communicating diagnostic tests 
[7–9]. Smart solutions integrating available patient data 
can support clinicians with diagnostic challenges, facili-
tate comprehensive patient communication, and harmo-
nize diagnostic approaches among memory clinics [10].

We previously developed and validated the PredictND 
tool [10], a web-based tool to support clinicians in dif-
ferential diagnosis and patient communication. In a 
validation study in academic memory centers, the tool 
accurately classified dementia subtypes and increased 
clinicians’ confidence in the diagnosis [10]. The tool was 
later commercialized as the cNeuro® platform (Combi-
nostics Oy, Finland). To address the clinical need for the 
ability to perform cognitive testing digitally from home 
and to support comprehensive patient communication, a 
new prototype digital tool has been developed. This tool 
is based on the cNeuro® platform and consists of four 
modules that integrate multimodal patient data (digital 
cognition; cCOG [11], and MRI quantification; cMRI 
[12]) into useful diagnostic information for clinicians 
(cDSI) and understandable and personalized information 
for patients (patient report) [13].

Despite the developments in digital tools and the 
positive attitudes of clinicians and patients regarding 
these advancements [14], their use is currently limited 
to highly specialized clinics. In contrast, particularly 
local clinics could benefit most from their use [15]. To 
translate evidence-supported interventions into prac-
tice and enhance their lasting adoption in local clinics, 
implementation research is crucial [16, 17]. Therefore, 
in the current study, we investigated the usability of the 
prototype digital tool when used by clinicians in daily 

memory clinic practice, to lay the foundation for future 
implementation and eventually support sustained 
adoption.

Methods
Study design
We performed an explanatory sequential mixed-methods 
study in which qualitative research follows quantitative 
results to aid in explaining or elaborating the data [18]. 
To operationalize this concept in our study, we enriched 
quantitative data from observations and questionnaires 
for clinicians and patients, with qualitative data from 
open-ended questions and in-depth interviews. The 
study was conducted from December 2021 to December 
2022 among clinicians (i.e., physicians, as well as other 
staff members, such as nurse practitioners), patients, and 
care partners from five Dutch memory clinics identified 
and approached using the Dutch Memory Clinic net-
work website (http:// www. zorgv oorbe ter. nl/ geheu genpo li): 
the Center for Geriatric Medicine Amsterdam, Amster-
dam UMC (COGA); Amstelland Hospital, Amstelveen; 
Spaarne Hospital, Haarlem; HagaHospital, Zoetermeer, 
and Jeroen Bosch Hospital, Den Bosch. We aimed for 
the inclusion of ten patients per memory clinic. Apart 
from excluding patients with insufficient knowledge of 
the Dutch language, there were no exclusion criteria to 
reflect the actual population in the memory clinic.

The study was approved by the VUmc Medical Ethical 
Committee and the local Medical Ethical Committee in 
all five centers. All patients provided written informed 
consent for their data to be used for research purposes.

Digital tool
The digital tool consisted of four modules: (1) digital cog-
nitive test tool (cCOG); (2) automated MRI-quantifica-
tion tool (cMRI); (3) clinical decision support tool based 
on machine learning (cDSI) extended for supporting 
cCOG, and (4) diagnostic reporting, in which all informa-
tion is summarized in an easily understandable overview 
for clinicians and patients (patient report). Although all 
modules are integrated, each can be used independently 
since the classifier can handle missing data. All modules 
are described in detail in Table 1.

The digital platform runs in a standard web-browser 
using the Microsoft Azure cloud. All data transfers 
and storing are encrypted and anonymized. cMRI can 
be integrated into the organization’s PACS through a 
gateway (DICOM node). To complete the cCOG tests, 
patients received a link in an email. The test could then 
be performed via the Internet, on a tablet or computer, 
either at home or in the clinic.

http://www.zorgvoorbeter.nl/geheugenpoli
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Study procedures
Figure 1 shows a schematic overview of the study proce-
dures. First, participating clinicians completed an initial 
pre-study questionnaire covering demographic informa-
tion. Then, they received user training from the research 
team. This training consisted of a face-to-face explana-
tion of the modules and a practice session with a hypo-
thetical patient case. Afterward, they received a printed 
manual. After the study started in the clinic, patients and 
their accompanying care partners were consecutively 
recruited after their first memory clinic visit. Patients 
were included by either a study team member (DH, 
SM, or AG), the clinician who had seen the patient, or 
a (research) nurse, depending on the staff availability at 

each clinic. Fourteen clinicians participated: neurologists 
(n=2), internal geriatric specialists (n=5), internal medi-
cine residents (n=6), a nurse practitioner (n=1), and 43 
patients and 28 care partners.

Next, patients were asked to perform the web-based 
test cCOG (module 1), during their memory clinic visit 
or at home. For those opting for remote testing, an email 
invitation with a link to the test was sent. Of the 43 
patients, 38 (88%) patients completed cCOG, of whom 
16 (42%) were remote and 22 (58%) were in the hospi-
tal. Additionally, patients received routine clinic-specific 
testing (i.e., neuropsychological testing and/or brain 
imaging). Thus, clinicians were not instructed to obtain 
a complete dataset for their patients. Instead, they were 

Table 1 Overview of modules integrated in the digital tool: 1. cCOG, 2. cMRI, 3. cDSI, 4. Patient report

AD Alzheimer’s disease: CN cognitively normal: CSF cerebrospinal fluid: DLB dementia with Lewy bodies: FTD Frontotemporal lobe dementia: MCI mild cognitive 
impairment: p-tau phosphorylated tau: VaD Vascular dementia

Module 1. Web‑based cognitive testing, cCOG
cCOG is a web‑based cognitive test tool that was validated in CN, MCI, and patients with 
dementia [11]. cCOG has a completion time of approximately 20 minutes and consists 
of 6 subtasks (memory learning and recall, modified trail making test A/B, reaction time 
task, fragmented letter test) and 7 questions relating DLB’s core features [19]. cCOG can 
be performed at home or in the clinic and is currently available in Dutch, English, Danish, 
Finnish, Swedish, and Italian.

Module 2. Quantification of MRI images, cMRI
cMRI extracts imaging markers from MRI scans using automatic quantification methods 
[20]. From T1 images, volumes of 133 brain regions and various disease‑specific imaging 
biomarkers, such as computed medial temporal lobe (cMTA) score, computed global 
cortical atrophy (cGCA) score and anterior posterior score, are calculated. From FLAIR, 
white‑matter hyperintensity volumes and computed Fazekas are quantified. MRI images 
acquired on either 1.5T or 3T scanners can be used [12]. cMRI is able to accurately aid 
in the differential diagnosis of the four main diseases causing dementia (AD, DLB, VaD, 
and FTD) [12, 20]

Module 3. Clinical decision support tool based on machine learning, cDSI
Clinical decision support tool based on machine learning (cDSI). The DSI is a data‑driven 
classifier that provides a scalar index between zero and one, indicating a patient’s disease, 
being CN, AD dementia, VaD, DLB, or FTD [21, 22]. cDSI considers all available patient 
data, including demographic information (age, sex, education), neuropsychological test 
results, cCOG results, cMRI quantification, and CSF results (amyloid‑beta, t‑tau, p‑tau). The 
DSI has been extensively studied and was validated in clinical practice [10, 23].

Module 4. Patient report
The available patient information is combined into a simple patient report which was co‑
created in a previous study with patients and care partners [13]. The patient report con‑
tains information about the diagnosis, individual test results, practical tips, and where to 
find more information. Clinicians can add their own text to subsections of the report. In 
the current study, clinicians had to fill in the final diagnosis themselves.
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informed to provide standard care and use the avail-
able data in that naturalistic setting. The research team 
uploaded the available diagnostic test results into the tool 
to foster optimal integration into the clinical routine. Of 
note, the MRI protocols differed per clinic. In one clinic, 
the required T1 or FLAIR images were not acquired in 
the standard protocol, rendering uploading and analyzing 
scans impossible.

Following this, the clinicians were invited to review 
the different modules of the tool prior to each patient’s 
diagnostic result consultation. Particularly for the patient 
report, clinicians were encouraged to use it during the 
consultation and provide the patient with a printed hand-
out. A study team member was present in each memory 
clinic to assist patients with performing cCOG and aid 
the clinicians in using the tool. After each diagnostic 
result consultation, clinicians were asked to complete 
a questionnaire about patient characteristics and their 
experience with the tool. Additionally, all patients and 
care partners received a questionnaire containing demo-
graphic information and questions relating to the patient 
report and satisfaction.

After the inclusion period (on average 18 weeks), clini-
cians received a questionnaire to assess the overall usabil-
ity of the tool and were invited for an in-depth interview. 

Patients and care partners received a follow-up question-
naire six months after the consultation to assess the long-
lasting effects of the patient report.

Data collection
To assess the usability – defined as the extent to which 
representative individuals can use an innovation to 
achieve specific goals in a specific context [29] of the tool, 
we assessed various relevant constructs, such as effec-
tiveness (f.e., encountered errors when using the tool), 
efficiency (f.e., time efficiency), and satisfaction (overall 
satisfaction, trust) [29]. In addition, we collected data 
on the appropriateness (usefulness of the tool/perceived 
fit) and preliminary effect of the tool [30], i.e., for clini-
cians, we gained data on confidence in the diagnosis after 
using the tool. For patients and care partners, we aimed 
to explore outcomes such as satisfaction with different 
aspects of the consultation and assessed their opinions 
about the patient report. Figure  1 shows an overview 
of the questionnaires used at different time points. See 
Additional file 1 for all questionnaires.

Data collection – clinicians
Before the study started, we collected demographic 
information of clinicians. Directly after each diagnostic 

Fig. 1 Study procedures of the usability study. EORTC QLQ‑INFO25: European Organization for Research and Treatment of Cancer information 
Questionnaire [24], MUIS: Measurement of Uncertainty in Illness [25], TiOS: Trust in Oncologist Scale [26], PSQ‑5: Patient Satisfaction Questionnaire 
Short form [27], SUS: system usability scale [28]
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result consultation, clinicians provided details about 
the patient’s diagnosis and evaluated the use of the tool 
using several questionnaires. In an open-ended question, 
we asked clinicians to comment or make suggestions for 
changes. At the end of the study, we further assessed the 
overall usability, again using questionnaires, and in an 
open-ended question, we asked clinicians to list the tool’s 
most positive and negative aspects and changes for con-
tinued use in daily practice. To enrich the questionnaire 
data, clinicians were invited to participate in a post-study 
interview, in which n=10 clinicians participated. A semi-
structured interview guide was developed, aligning with 
the post-study questionnaire. The clinicians were asked 
to illustrate their answers to the questionnaire and elabo-
rate on their user experiences. The interviews lasted 7-18 
minutes and were held in person (n=4) or by telephone/
video call (n=6) by one of the researchers (AG; medical 
doctor or DH; neuropsychologist). Interviews were audio 
recorded and transcribed verbatim.

Data collection ‑ patients and care partners
Demographic information of the participating patients 
and care partners and their understanding of the diagno-
sis were collected via a questionnaire after the diagnostic 
result consultation. Furthermore, we assessed their rating 
of the received information, uncertainty, trust, and satis-
faction using several validated questionnaires (Additional 
file  1). Additionally, we asked for their opinion about 
the patient report in an open-ended question. After six 
months, we repeated a subset of the questionnaire to 
reevaluate the patient report.

Analyses
Participants’ characteristics and quantitative survey 
outcomes were summarized descriptively. Mean Likert 
scale scores were calculated for 5-point items. Mean SUS 
scores were calculated and curve-graded, centered at 68 
(according to [31]). Data were analyzed with IBM SPSS 
Statistics version 28.0. We used thematic content analy-
sis to analyze the transcripts of the interviews and open-
ended responses [32]. One coder (AG: medical doctor) 
roughly organized the transcripts according to the main 
outcomes of effectiveness, efficiency, satisfaction, appro-
priateness, and preliminary efficacy. The transcripts were 
further categorized by inductively deriving new codes 
and forming an initial coding tree. Two coders (HRM: 
medical doctor, LV: psychologist) independently coded 
the interviews using this code tree. AG, HRM, and LV 
compared and discussed the codes intensively to iden-
tify overarching themes. The quantitative findings, such 
as the observed use of the tool modules and the reported 
SUS scores, were discussed against these themes and 
integrated, yielding a set of core findings. All authors 

reviewed and refined the core findings and supported 
them with quotes. MAXQDA  2022 (VERBI Software, 
2021) [33] was used for the qualitative analysis.

Results
Table  2 shows an overview of clinician characteristics 
and quantitative study outcomes. The clinicians (n=14) 
were, on average, 38±6 years old, almost all (91%) were 
female, and they had a mean of 7±7 years of experience in 
memory clinic care. Participants with ID 9 to ID 14 were 
residents in the final years of their residency training, 
with limited experience in memory clinic care. All other 
clinicians had at least four years of experience. All par-
ticipating hospitals use electronic health records (EHRs), 
so all clinicians had some level of digital proficiency in 
advance.

As shown in Fig. 2, 52 patients were initially enrolled. 
Six patients withdrew during the study (because of high 
study burden or unspecified reasons), and three patients 
were excluded for logistic reasons (no diagnostic assess-
ment at all or due to time constraints). In total, data from 
43 patients, together with 28 accompanying care part-
ners, were available for analysis. Data on the 6-months 
follow-up questionnaire were available for n=23 patients 
and n=15 care partners. Most of the patient follow-up 
questionnaires were missing because they were never 
received back despite of reminders (n=15), patients were 
no longer able to fill in the questionnaire due to their cog-
nitive decline (n=3), or had died (n=2). Table 3 shows the 
characteristics of the included patients and care partners.

Patients were, on average, 73±11 years old (range: 
37-94) and predominantly male (n=30, 72%). Most 
patients (44%) were diagnosed with mild cognitive 
impairment (MCI) and one-third (33%) with dementia, 
mainly due to Alzheimer’s disease (64%). Most care part-
ners were female (71%) and spouses. As shown in Table 3, 
patients and care partners were generally satisfied with 
their clinician and (the information provided during) the 
diagnostic result consultation.

Figure  2 shows the study flowchart of the observed 
use of the tool in daily practice. In 56% of the patients 
(24/43) the dataset was complete (i.e., containing both 
cCOG and cMRI results). The tool was used in 34 out 
of 43 patients (79%). Strikingly, clinicians used the 
tool in highly variable ways. Modules 3 and 4 (cDSI 
and patient report) were used most often (30/34, 88%). 
Many patients completed cCOG (88%), yet clinicians 
only used this module in 53% of patients prior to or 
during the diagnostic result consultation. Although the 
cMRI module was available for 27 patients, it was only 
used for ten patients by four clinicians. These numbers 
show a large variability in the actual use of the tool. 
Likewise, quantitative study outcomes (Table 2) are also 
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highly variable and dependent on the actual use of the 
tool. As such, the qualitative findings are crucial for 
interpretation of the quantitative results. Our synthesis 
of quantitative and qualitative findings resulted in four 
core findings, which we describe below, illustrated with 
quotes and quantitative results.

Clinicians highly valued the diagnostic report, since it 
contributes to patient-centered and personalized 
communication.
Clinicians expressed the wish to provide patients with 
printed or written personalized information but lack 
time to create such a personalized report in their daily 
practice. They indicated the tool’s diagnostic report 
helped them fulfill this need. Additionally, the clini-
cians noticed that their patients appreciated receiving 
the diagnostic report.

• Quote 1.1.: “…so I think they [the patients] thought 
it was normal [to receive personalized information]. 
And I too, I think it is normal. I only wouldn’t know 
how to do this.” (Clinician 7)

• Quote 1.2.: “Yes, I actually think it is nice to share 
that on paper with all our patients, especially 
patients with dementia. We often share the patient 
letter, but that predominantly contains medical jar-
gon. Yes, that is very patient-friendly and it really 
should be done, but it still takes quite a lot of time to 
do it properly. And, um, in reality that doesn’t hap-
pen very often." (Clinician 2)

Concerning the potential beneficial effects, the clini-
cians mentioned that the tool created an overview, aiding 
effective patient communication. In the questionnaires, 
the majority (73%) of the clinicians (totally) agreed that 
communication with the patient becomes more efficient 
when using the tool.

• Quote 1.3.: "since I struggle a lot with all the informa-
tion I have to talk about during such a consultation, I 
think it really is good to provide the patient with some 
written text." (Clinician 11)

In addition to supporting their communication with 
patients, clinicians highly valued the diagnostic report 
from the patient’s perspective because they consider it 
beneficial for patients’ and care partners’ understanding 
and recall of the information provided in the diagnostic 
result consultation.

• Quote 1.4.: “Because patients only remember a very 
limited part (…) it is actually a bad news conversa-
tion that people receive when they are diagnosed with 
dementia and sometimes they only remember 5 to 
10% of what the physician told them: they basically 
go home empty-handed. But now they will have an 
actual form with the results on which it is possible to 
type additional information (…) or a description of 
the follow-up process. Also, the patients can read back 
another time of ‘My diagnosis is Alzheimer’s disease 
and that diagnosis was made based on memory tests 
and a scan’ or things like that. In short, I am really 

Fig. 2 Study flowchart and process evaluation
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super enthusiastic about the whole information page..” 
(Clinician 4)

They further indicated that the abovementioned pros 
of having a diagnostic report would outweigh the time 
investment needed to create such a report within the 
tool.

Quote 1.5.: “yes, definitely, I certainly think there are a 
lot of positives. I didn’t think of it as extra work (…) no, not 

at all, I really thought it is a good thing. (…) No, I really 
think it pays off, and I therefore didn’t mind the extra 
work.” (Clinician 3)

The diagnostic report was also valued by patients and 
care partners, who, directly after the consultation, rated 
the diagnostic report as clear, understandable, and useful 
(Fig. 3). In the open-ended question about the diagnostic 
report, a patient positively highlighted the visual aspect 
of the diagnostic report:

“All of the extra information, the images, the examina-
tions, etc. are instructive and clarify a lot. This document 
complements the doctor’s explanation. This document 
helps in understanding my illness, in addition to only 
hearing what the doctor has to say. It is also nice to see the 
information visualized.” (female, 73 years, dementia due 
to Alzheimer’s disease).

A care partner underscored the understandability of 
the diagnostic report:

“A good way to present difficult information (both emo-
tional and medical) in a clear and understandable man-
ner.” (44 years, daughter of patient with dementia).

After six months, satisfaction with the diagnostic 
report (scale 0-4) was 3.0±0.5 for patients and 3.2±0.4 for 
care partners, and 78% of the patients and 83% of the care 
partners would want their doctor to use the diagnostic 
report again in a future consultation.

Clinicians considered the tool satisfactory to varying 
degrees, especially in addition to their own clinical 
competence.
Satisfaction ratings with the tool overall varied among 
the clinicians, as shown in Table 2. In the interviews, the 
clinicians explained that the diagnostic process is dif-
ficult, and a tool that objectively interprets patient data 
can be helpful, as illustrated by quotes 2.1 – 2.2.

• Quote 2.1.: (…) But there is the difference for me, that 
I have some kind of objective means that validates or 
challenges my clinical reasoning." (Clinician 2)

• Quote 2.2.: “yes, I understand the question very well, 
because cognitive diagnostics is indeed really difficult 
(…) I always tell the residents that I mastered many 
subjects in medicine quite quickly, but that it really 
took me a while to get the hang of cognitive diagnos-
tics. (…) so it would be nice if it in some way could be 
made easier.” (Clinician 6)

Furthermore, clinicians’ confidence in the diagnosis 
was slightly, though not significant (P=0.23), higher when 
the tool was used (80±13) than when not used (74±11). 
Additionally, 46% of the clinicians indicated that using 
the tool increased their confidence. In the post-tool 
questionnaire, most clinicians (55%) agreed that the tool 

Table 3 Characteristics of participating patients (n=43) and their 
care partners (n=28)

Data represent mean±SD or n(%). Missing data ranged from 49% (MMSE) to 19% 
(post-tool questionnaires)
1 Data obtained from clinicians questionnaire
2 Data on the post-tool questionnaire were missing for 5/43 patients because 
the tool was not used (n=1) or the questionnaire was never returned (n=4)
3 Higher scores indicate more uncertainty
4 Higher scores indicate more trust/satisfaction
5 Average scores

MMSE Mini-mental state examination: MoCA Montreal Cognitive Assessment: 
MRI magnetic resonance imaging: SCD Subjective Cognitive Decline

Patients Care partners

n=43 n=28

Demographic information
Age, mean

73±11 65±11

Sex, female 13 (28%) 20 (71%)

Education, years 9.7±4.4 10.2±4.0

Clinical information1

MMSE [0‑30]
26±4 ‑

MoCA [0‑30] 21±4 ‑

CDR [0‑3] 0.7±0.5 ‑

cCOG performed (n, %) 38 (88%) ‑

Brain imaging, MRI1 (n, %) 34 (79%) ‑

Syndrome diagnosis1

Cognitively normal/SCD
7 (16%) ‑

Mild cognitive impairment 19 (44%) ‑

Dementia 14 (33%) ‑

Postponed diagnosis 3 (7%) ‑

Etiology in case of dementia1

Alzheimer’s disease
9 (64%) ‑

Vascular dementia 2 (14%) ‑

Other 3 (22%) ‑

Relation to patient
Spouse

‑ 16 (70%)

Son/daughter(in law) ‑ 4 (17%)

Other ‑ 3 (13%)

Post-tool questionnaires2

Uncertainty [1‑5]3
2.9±1.4 2.8±1.2

Trust in physician [1‑5]4,5 4.2±1.0 4.4±0.7

Satisfaction with physician [0‑10]4,5 7.5±2.2 7.9±1.7

Satisfaction with information[1‑4]4,5 2.9±0.8 3.1±0.8

Satisfaction with consultation in general 
[0‑100]4,5

74±20 82±21
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makes the differential diagnosis of neurodegenerative 
disorders easier. However, the same complexity of the 
diagnostic process also led clinicians to emphasize that 
the doctor’s interpretation is always needed to personal-
ize the results provided by the tool:

• Quote 2.3.: "I also notice that I can have slightly dif-
ferent conversations with patients with the same diag-
nosis simply because of differences in people’s charac-
ters and where the nuances are. I don’t think you can 
incorporate that very well in such a tool." (Clinician 
12)

Still, they also described how they could use the tool to 
double-check the results of their own clinical reasoning:

• Quote 2.4: “Yes, and I can also imagine that one can 
use it as a kind of checker. That you think like ‘okay 
this is what I think it is, let’s see what cNeuro thinks.’ If 
it thinks it is something completely different, maybe I 
should reconsider my diagnosis.” (Clinician 3)

In its current state and level of integration, some clini-
cians questioned the added value of the tool in addition 
to their knowledge and expertise. Some clinicians speci-
fied that the tool did not (yet) incorporate some of the 
diagnostic tools used in their clinical practice (e.g., spe-
cific neuropsychological tests, but also brain scans such 
as computer tomography (CT) or positron emission 
tomography (PET)).

• Quote 2.5.: “Yes, well, it may be even nicer if you can 
also include all the standard diagnostic tests in your 
analysis, in other words, to expand that tool even 

more to be able to enter everything that is being done. 
Yes, that would be ideal.” (Clinician 6)

• Quote 2.6.: “The tool made the diagnosis but I myself 
made the same diagnosis with the information that 
was available to me (…) So then obviously the ques-
tion is ... does the tool really help you? Actually no, it 
is merely doing the same thing as I do with the clinical 
information I have.” (Clinician 4)

Others did sometimes not trust the output because 
in their population, not all data were available and they 
therefore thought that they could not use the tool to 
its full potential, or they doubted the reliability of the 
outcome.

• Quote 2.7.: (…) it is also somewhat related to the fact 
that I often didn’t agree that much with the results 
that were generated by the tool. I think this again 
was due to the incomplete datasets all those people 
had."(Clinician 10)

The appropriateness of the tool depends on the patient 
population and the specific purpose of the diagnostic 
process.
Although the clinicians considered the tool acceptable in 
addition to their clinical competence, they felt it would 
be most appropriate for specific patients or patient pop-
ulations, depending on the purpose of the diagnostic 
process. As illustrated by quote 3.1, some clinicians espe-
cially valued the tool for a diagnostic process focused on 
determining the etiological diagnosis. Quote 3.2. illus-
trates that the tool could be used to decide whether to 
apply additional diagnostic tests.

Fig. 3 Patients’ and their care partners’ rating of the diagnostic report
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• Quote 3.1.: “Yes and at the same time I think (…) 
the idea of this tool that gives a kind of weighted 
result of does this fit AD, does this fit FTD, does this 
fit something else? That’s actually quite useful of 
course.” (Clinician 3)

• Quote 3.2.: “Well, I think that with certain types of 
patients you could use it as a kind of pre-selection 
tool, to determine how far you have to go and what 
the probability is in advance (…) as part of a kind 
of two-stage package perhaps? (…) if you ensure 
that the test has good sensitivity and can filter out 
a part of those [persons with] subjective complaints 
of which you already know that they do not require 
further examination.” (Clinician 6)

Since some clinicians focus more on a syndrome 
diagnosis rather than an etiological diagnosis to ade-
quately organize care for their patients, they rated the 
tool as less useful for the patient population in their 
daily clinical practice. This was often mentioned by 
clinicians working with older individuals.

• Quote 3.4.: “in such an aged population character-
ized by a mix of symptoms it often is more subtle: 
I think we not only diagnose a particular disease 
or asses the etiology, but also pay more attention 
to syndrome diagnosis and (…) what impact is it 
going to have on the patient’s daily life (…) what 
issues are you going to work on, being more practi-
cal than just appointing a case manager, in an early 
stage providing information/giving advice that you 
believe can be useful to the patient. With such an 
approach the etiology is often a little less impor-
tant.” (Clinician 12)

In addition, the availability of data for this patient 
population of older aged individuals was frequently 
limited. This was either because patients were unable 
to complete cCOG, or because MRI and cerebrospinal 
fluid (CSF) assessment were not part of standard care 
procedures in geriatric or internal medicine practices, 
as mentioned in this citation:

• Quote 3.5.: “Most patients are not subjected to an 
LP or MRI, (…) usually the standard workup is suf-
ficient for a proper diagnosis and I therefore think 
your tool is not very useful (…). I can just imagine 
if you puzzle a little bit; what is it now (…) Then 
I can imagine you can weigh the combination LP 
with MRI a little better” (Clinician 2)

Facilitators and barriers for using the tool in daily practice.
Clinicians evaluated the usability of the tool in the con-
text of the current study (design), in which they were pro-
vided with a prototype version of the tool. They received 
a short training before the study started, which was elab-
orated during the usability study period based on feed-
back. Thus, some clinicians received more training than 
others. Using the tool in the context of the current usa-
bility study, the clinicians identified some facilitators and 
barriers to using the tool in daily practice.

Facilitators for using the tool
In the post-study questionnaire, 7/11 clinicians (slightly) 
agreed that the tool could easily be integrated into their 
daily work process. Regarding factors that would facili-
tate clinicians using the tool, clinicians who had used the 
tool often (≥4 times), mentioned that they found it easy 
to use whereas clinicians who less often used the tool 
found it more difficult to use.

• Quote 4.1.: "It is easy to use, you can log in very eas-
ily and then you can easily find the right patient and 
click further to see the patient details. ” (Clinician 4 – 
used the tool four times)

• Quote 4.2.: “For a software program I found it quite 
complicated, especially also because it uses a lot of 
abbreviations, so if you haven’t use it for a while then 
you have to remember what they stand for, so you 
click from one thing to the other (…).” (Clinician 7 – 
used the tool once)

To facilitate adequate use of the tool, the clinicians also 
indicated that practice makes perfect, i.e., repeated and 
consistent use facilitated mastering how to optimally 
work with it.

• Quote 4.3.: “(…) I have only had 2 patients that I’ve 
really used it with so then each time you still have to 
really get back in a little bit and I don’t think it saved 
time, but I yes I can imagine if you switch easier or use 
it more often that it does at least not take longer.” (Cli-
nician 12)

Barriers to using the tool
Some clinicians mentioned that the high workload and 
limited time in their clinics could hinder the process 
of learning to work with a new tool and, therefore, the 
appropriate use of such a tool.
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• Quote 4.4.: “As an option, but then I still have to um, you 
know then I would have to start using it (…) but then I 
thought, here is yet another software program that has 
to be used and there already is so little time to properly 
deal with your outpatient visits.” (Clinician 2)

Another more practical barrier was that the tool was 
not integrated into the EHR hence they had to log in to 
a different website and they had to put in the data twice 
(once in the EHR and once in the tool).

• Quote 4.5: “(…) the biggest job is putting in the raw 
scores from all those tests. (…) and I am afraid you 
should also integrate it into [the electronic health 
record].” (Clinician 10)

Discussion
In this usability study, we examined the actual use and user-
experiences of a digital tool, also referred to as a clinical 
decision support system (CDSS), to support memory clinic 
clinicians in their daily practice of differential diagnosis and 
patient communication. The insights gained serve as an 
important step toward future implementation of such digital 
tools in clinical practice. In line with earlier survey findings 
[14], clinicians were willing to use the digital tool in clini-
cal practice. Nonetheless, the large variability in actual use 
and views of clinicians highlight the important challenges of 
implementing digital tools in (memory clinic) practice.

The failure to translate effective interventions into rou-
tine practice has been recognized for many healthcare 
innovations [34, 35]. It has been estimated that it takes 
17 years for clinical innovations to become available to 
patients after being proven efficacious [17]. In this con-
text, usability testing is important because by under-
standing the users’ attitudes and needs, the innovation 
can be adapted and the time to implementation reduced 
[36]. Therefore, we evaluated the usability from the per-
spectives of clinicians as the intended end-users, by 
assessing effectiveness, efficiency, and satisfaction both 
quantitatively and qualitatively and have learned impor-
tant lessons that we describe below.

First, almost all clinicians indicated that the patient 
report meets a need to provide patients with writ-
ten or printed (personalized) diagnostic information, 
and patients and care partners underscored this need 
and, thus, the added value of the tool. In a landscape of 
increasing numbers of diagnostic tests and with DMTs 
on the horizon [6], using the personalized patient report 
can aid in creating an overview for both clinicians and 
patients and allow better comprehension of diagnostic 
test results, the diagnosis and its implications [13]. Fur-
thermore, a personalized report contributes to a patient-
centered approach, which benefits patients by increasing 

patient satisfaction, quality of life, and relation with their 
physician [37]. With all these benefits and the positive 
attitude of clinicians in mind, implementation efforts 
should be aimed at the patient report first. To stimulate 
its adoption, minimizing the disruption of clinicians’ 
daily practice is important [38], making it essential to 
generate the report automatically to not (further) over-
burden clinicians. Ideally, the tool should be embedded in 
the EHR so that data can be automatically extracted and 
the report compiled accordingly. Until this is achieved, 
having a researcher/nurse who can generate the report is 
crucial to stimulate its use by clinicians.

Second, we learned that different clinicians face dif-
ferent questions regarding their patients with cognitive 
complaints and that the tool should aid in finding an 
answer to each of these questions. For certain clinicians 
and with certain patients, determining a syndrome diag-
nosis is crucial to organize appropriate care, while for 
others, an accurate etiological diagnosis holds greater 
importance. The clinicians rated the tool’s usability in 
light of their most urgent clinical question. Our findings 
indicated that the tool was rated less usable for the pur-
pose of determining a syndrome diagnosis, while espe-
cially in a population of individuals of older age, this is 
often the clinically most relevant question. This makes 
sense because the primary focus of the current version 
of the tool is on etiological diagnosis [10, 22]. To encour-
age the adoption of the tool for all clinicians, it should be 
adapted to serve both clinical questions of syndrome and 
etiological diagnosis. Moreover, we anticipate a future in 
which the tool can assist in determining a patient’s eligi-
bility for DMT, but for which certain adjustments need to 
be made. If the tool is adapted to address a broader range 
of clinical questions, clinicians indicated to be interested 
in using it for cross-checking their own clinical thoughts 
with the tool’s result or as an aid for triage and decision-
making regarding which diagnostic test to perform next 
in a given patient. We are currently studying how the tool 
can guide stepwise diagnostic decision-making.

Third, the digital cognitive test module was less fre-
quently adopted by clinicians, potentially because they 
did not perceive the added value of such a module since 
standard neuropsychological tests were already admin-
istered as part of their normal diagnostic routine. In 
addition, this module is a newly developed test that has 
to be CE-marked and is thus not yet approved for clini-
cal practice[11]. Nonetheless, the digital cognitive test 
appeared to be usable since many patients were able 
to complete the test successfully. In an era of grow-
ing patient numbers, digital cognitive testing holds 
considerable value because it allows for cost-effective 
testing through self-administration [39] and can serve 
several purposes: as a screening tool, monitor disease 
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progression during follow-up visits after diagnosis, and 
to measure treatment response [40]. To take advan-
tage of these benefits, optimization of its use in clini-
cal practice is warranted. To this end, it is important to 
prioritize feasibility studies and focus on user experi-
ences while ensuring the validity and reliability of these 
digital cognitive tests [39].

Fourth, clinicians emphasized the importance of repet-
itive use to learn how to work with the tool. Such exten-
sive familiarization was often not achieved in our study, 
due to clinicians’ high workload and limited education 
and training. Our findings thus highlight the significance 
of providing dedicated education and training. Previous 
studies also endorsed the importance of adequate train-
ing, revealing its significant influence on the success and 
efficiency of technologies [41, 42]. To successfully imple-
ment any digital tool into healthcare practice, it is imper-
ative that clinicians are prepared through educational 
activities for digital tools in general. This can be achieved 
by teaching clinicians to use digital technology early on 
as a valuable addition to their own knowledge and skills, 
for instance, by integrating digital tools education into 
the medical curriculum [43]. Teaching clinicians how 
to adequately and effectively use a digital tool in clinical 
practice might save time and increase effectiveness in 
the end. In addition, tool-specific, onsite training should 
be offered, adapted for each memory clinic, as working 
methods and patient journeys often differ. Besides pro-
viding sufficient training, it is important to provide con-
tinuous technical support, peer-to-peer collaboration, 
written guidelines, and instructions to facilitate optimal 
implementation [41].

In the evolving dementia care landscape, digital tools 
will inevitably play their part [6]. Digital tools offer the 
potential to keep the patient journey accessible, harmo-
nized, and patient-friendly [39]. A CDSS allows the fun-
neling of patients to the memory clinic and selecting the 
right diagnostic workup, and digital cognitive testing 
enables cognitive testing in the comfort of one’s home 
[6]. In addition, there is an expected deficit in the num-
ber of dementia specialists [44], highlighting the need to 
establish effective and efficient digital tools in memory 
clinics. With this in mind, it was promising to learn that 
some clinicians did not (yet) see the added value of the 
tool since they found the tool could do roughly the same 
as they could do themselves. This could imply that other 
healthcare professionals, also the less experienced or less 
specialized, can be involved in diagnosing rather straight-
forward cases with the assistance of a tool [39]. In this 
way, employing the tool can save scarce specialist time 
for challenging diagnostic scenarios, for instance, when 
the tool indicates that a clear diagnosis cannot be made 
or the clinical question is complex.

Strengths and limitations
One of the strengths of our study is that it was conducted 
in five different, local, non-academic memory clinics 
and involved clinicians with different specializations 
(neurology, internal geriatric medicine, clinical geriat-
ric medicine) and broad-ranging experience resembling 
actual practice in the Netherlands. Because we applied 
no exclusion criteria, we included a real-life everyday 
sample consisting even of the most elderly individuals. 
However, we only included Dutch speaking patients and 
care partners, rendering generalizability to a non-Dutch 
speaking population. Despite the strengths, our study 
also had some limitations. Because of the usability study 
design, we included a relatively low number of clinicians 
and patients. Half of the clinicians used the tool only for 
one patient case and they tested/evaluated often only one 
module, meaning that their feedback is based on very 
limited experience. Nonetheless, the mixed-methods 
design allowed us to conduct an in-depth assessment of 
relevant usability outcomes. By performing this study, 
we gained first insight in actual use of a digital tool in 
daily memory clinic practice and identified some practi-
cal barriers, such as different MRI protocols that did not 
meet the requirements for image quantification. There-
fore, this usability study can serve as a starting point for 
more in-depth studies aiming at implementing digital 
tools in memory clinics, such as the upcoming European 
PROMINENT study [45]. Furthermore, the tool holds 
the potential to be future-proof in that it can be extended 
by incorporating other data, such as the extended cCOG 
version for DLB [19] and amyloid PET [46], as well as 
FDG-PET and DaT-scan modules currently under devel-
opment. These improvements can increase the accuracy 
and usefulness of the tool, not only for differential diag-
nosis but also for detecting patients eligible for DMTs. It 
remains to be elucidated how these advancements will 
affect the performance of the tool.

Conclusion
In a changing dementia care landscape and an evolv-
ing patient journey, digital tools will play an inevitable 
part. Digital tools have the potential to allow easier and 
more accurate diagnosis, harmonization of care among 
memory clinics, and bridging a gap in providing per-
sonalized information provision. Nonetheless, imple-
mentation in clinical practice remains challenging. 
Our usability study provides a stepping stone for future 
implementation efforts and emphasizes the importance 
of dedicated education and training to prepare health-
care providers for the future use of digital tools along-
side their clinical expertise.
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