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Introduction  
Delirium is frequently multifactorial, and causes are often missed in clinical practice. The 
Aetiology in Delirium - Diagnostic Support Tool (AiD-DST) was developed to improve 
recognition of the causes. We undertook an evaluation of an electronic version of 
AiD-DST. 

Methods  
A development and evaluation life cycle of improvement was used. In phase 1, alpha 
testing among the development group evaluated technical performance of AiD-DST. In 
phase 2, we performed a cycle of beta testing among junior doctors to assess impressions 
of AiD-DST using Think Aloud methodology. We grouped responses into themes and 
made changes to AiD-DST by the development group accordingly. In phase 3, usability 
and acceptance of AiD-DST was assessed using the mHealth App Usability Questionnaire 
(MAUQ). 

Results  
In phase 1, software issues were identified, and modifications made. In phase 2, feedback 
was obtained from 29 junior doctors. Three cycles of feedback were obtained. The number 
of items identified after each cycle were 20, 12 and 7, respectively. Content was grouped 
into themes of; ‘style and grammar’, ‘formatting’, ‘IT’, ‘missed diagnosis’ and ‘other 
concerns.’ In phase 3, 20 participants completed MAUQ questionnaire. Overall, the 
average score was 6.36 (SD=0.8) with 7 as the highest attainable score. This translates to 
agreement up to strong agreement concerning usability of AiD-DST. 

Conclusion  
After a process of optimisation, AiD-DST has been shown to be a usable and potentially 
useful diagnostic support tool to help junior doctors identify cause(s) of delirium. An 
implementation study is planned. 

“By becoming interested in the cause, we are less likely to 
dislike the effect.” 
― Dale Carnegie, How to Win Friends and Influence 
People 

INTRODUCTION 

Delirium is a common disorder in older and frail hospi
talised older adults and is associated with many adverse 
health outcomes.1 The causes of delirium outlined in the 
multifactorial causation model are protean and multiple.2,3 

For instance, in a study of 105 patients who screened posi
tive for delirium in the emergency department, the median 
number of aetiology categories identified was two. Nearly 
one-third of delirious patients in this study identified 3 
or more causes for delirium.4 In a review of delirium cau
sation, polypharmacy, psychoactive medication use, and 

physical restraints were leading factors in medical pa
tients.5 Illness severity, alcohol misuse, catheterisation and 
iatrogenesis are other associations.5 However, heterogene
ity in aetiological representation across studies is common. 
Variability in delirium causes arises from a consistent pool 
of factors whose individual pre-eminence is dictated by 
contextual factors. These include psychomotor subtype, 
clinical setting, and patient age.5 For instance, causes be
tween younger and older patients are different, with lung 
and cardiac disease more common in older patients in a li
aison psychiatry setting.6 In the oldest-old, these aetiolo
gies shift again. In a sample of 3,076 patients aged >80 
years, 42% of whom developed delirium, renal failure, in
tracranial haemorrhage and pleural effusions were putative 
causes.7 Even when the same patient conditions are stud
ied, there is little replication in causality.8 
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These associations also fail to encompass the diversity 
of potential causalities in any given patient where the mul
tifactorial nature of the condition is the only reliable rule. 
Time-pressured, junior physicians often work out of hours 
and make decisions about delirium when there is the least 
available senior support.9 Clinicians frequently resort to di
agnostic heuristics, which lead to acceptance at face value 
of singular and more convenient diagnoses, such as urinary 
tract infection, as a cause for delirium.10 Inability to follow 
instructions on the part of the patient owing to drowsiness 
or extremes of psychomotor activity might pose additional 
barriers to clinical evaluation.11 Such barriers may lead 
to oversimplification of diagnosis and marginalisation of 
important aetiological factors, with clinical ramifications.9 

For instance, a greater than 24 hours delay to treatment 
of delirium causes in an ICU setting led to a quadrupling 
of mortality.12 This high mortality remained even after ad
justment for other covariates. 

In response to this common and serious challenge, we 
designed an algorithm that would capture the representa
tive and multifactorial cause(s) of delirium that could be 
used to identify clinical causes within a medical setting. 
The Aetiology in Delirium - Diagnostic Support Tool (AiD-
DST) algorithm was developed from first principles by a 
multi-professional team with a track record of innovation 
and cognitive tool development in delirium13–15 (see ap
pendix 1). The algorithm intended to follow the clinical 
flow of assessment by the physician, capture common 
causes with the greatest yield and use Bayesian principles 
of probability to improve efficiency.16 For instance, if the 
patient were immobile, then the algorithm would direct to
wards screening of pressure ulcers which would otherwise 
be omitted in a mobile patient.17 The algorithm was then 
refined based upon open feedback from senior geriatricians 
into a minimum of eight diagnostic steps (see appendix 1). 

AiD-DST was tested in the clinical setting in patients 
with a diagnosis of delirium. Sensitivity of the algorithm is 
88.8% with a specificity of 71.8% against research-grade di
agnosis of the cause(s) of delirium.13,18 AiD-DST content 
has been transposed into a progressive web application. 
The final electronic version was built on Microsoft Blazor 
technology and is available for use on any device (see ap
pendix 2). Our objective was to refine the AiD-DST in light 
of feedback and evaluate usability among front-line junior 
medical staff. 

METHODS 

This was a multi-stage cycle of refinement of AiD-DST be
tween February and December 2020. The study was in keep
ing with principles of an agile development and evaluation 
lifecycle.18 This involves user experience design, develop
ment, alpha and beta testing. In phase 1, we performed 
technical testing of AiD-DST within the development 
group. In phase 2, junior doctors evaluated AiD-DST for 
content and acceptability. In phase 3, junior doctors as
sessed the usability and usefulness of AiD-DST according to 
a standardised survey. 

Figure 1. Study pathway   

Informed assent was obtained from study participants 
before taking part in the study. The Local Research and 
Ethics committee approved the study, Project ID 56923. 

PARTICIPANTS 

The junior doctors were from a medicine department of 
a single Metropolitan Hospital site. The medicine depart
ment comprised acute medicine and subacute services. 

EXPOSURE (PHASE 1, 2 AND 3) 

Phase 1: We performed alpha testing of AiD-DST by the de
velopment group (comprising 3 geriatricians and a software 
engineer) to establish technical operating characteristics of 
AiD-DST. Consensus-approved changes were implemented 
into AiD-DST (Figure 1). 

Phase 2: Junior doctors performed beta testing. AiD-DST 
was introduced at face-to-face core medical teaching with 
an invitation to any interested juniors to participate in the 
study. PW, an advanced trainee in geriatrics, followed up 
with a phone call or face-to-face invitation. PW provided 
a brief training session on the technical aspects of how 
to access and use the AiD-DST. Participants were asked to 
‘think-aloud’ while accessing and using the AiD-DST. Think 
Aloud methodology is a valid way of evaluating processes, 
particularly at the human-design interface.19 This involved 
the participant expressing impressions to the investigator 
while running the AiD-DST task. Participants were asked to 
conceive of a prior patient with a delirium diagnosis to help 
with context. We intended the total session to last just a 
few minutes (less than ten). PW transcribed comments from 
participants during completion of the Think Aloud task. A 
sample size of between 5 and 20 participants were chosen 
for each cycle.20 Affinity mapping was used to group feed
back into representative categories.21 We adopted a con
sensus-building approach within the development group to 
identify and sanction modifications (Figure 1). A cycle of 
review was repeated using the same method until there was 
no further modifiable feedback.22 Modifications were incor
porated into AiD-DST by our software engineering team af
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Table 1. Themes created by affinity mapping and corresponding changes made to AiD-DST by the expert group.                

Affinity mapping Themes Changes by reference group 

Style and Grammar 

"Not to use medical abbreviations e.g. SOL, hyperCa" 
“Provide an introduction to the app” 

Most abbreviations have been removed: “SOL” is now “space 
occupying lesion” 
‘hyperCa” is now “hypercalcaemia” 
An introductory page is in development. 

Formatting 

"All the questions were leading in favour of abnormal findings 
and then it was confusing to have the questions reversed. E.g., 
‘is y normal?... tripped you up.” 

Style has been changed so that all are leading questions in 
preference of abnormal findings e.g., “is the gait abnormal?” as 
opposed to “is the gait normal?” 

Information Technology 

"Would be nice to modify an answer rather than restart" Currently AiD-DST remains unchanged such that if a mistake is 
made the user needs to restart. There are technical barriers to 
modification of this. 

Clinical signs insufficiently sensitive 

"Misses infective symptoms/signs if the answer is no to fever 
but older patients may not mount a fever and have an infection’" 

Phrasing changed to be broader to capture infection “or 
infective symptoms/signs and include immunosuppression?” 

Excluded Diagnoses 

“B12 deficiency” 
“Constipation” 

Vitamin B12 deficiency was added. Constipation was added as 
a potential cause/ contributor to all cases. 

Other concerns 

"Important to contextualise and remember it doesn’t replace 
clinical judgement" 

Consideration of a disclaimer added to AiD-DST “intended as 
an aid to and not a replacement for clinical judgement” 

ter each cycle. To avoid a change in psychometric prop
erties of AiD-DST, the overall structure of the algorithm 
remained unchanged, and removal of any diagnoses re
ported in the original study was avoided. Junior doctors 
who were, at the time of the study, within the same medical 
team as an investigator were excluded. 

Phase 3: A survey of junior doctors was conducted over 
four weeks using the mHealth App Usability Questionnaire 
(MAUQ) (see appendix 3).23 The MAUQ is a validated us
ability questionnaire designed to evaluate health applica
tions. The questionnaire has 18 statements divided into 
subscales: ease of use, interface, satisfaction, and useful
ness. A seven-point ordinal satisfaction scale is used to 
grade responses with higher values representing agreement 
and lower values. Doctors were invited to complete a paper-
based version of MAUQ, and anonymous responses were 
collected. A pragmatic sample size of 20 respondents was 
intended based upon recommendations from the literature 
concerning usability studies.24 

ANALYSIS 

Usability data was reported using descriptive methods, in
cluding mean and standard deviation. 

RESULTS 

In phase 1, the development group identified episodic 
freezing of the algorithm. The software was therefore 
changed from a powerapp format to Microsoft Blazor tech
nology. The technical issues had resolved upon reassess
ment. 

Phase 2 comprised three rounds of feedback that sam
pled 29 out of a total of 63 eligible junior doctors within 
an internal Medicine. Eighteen respondents (62%) were in 
either years 1 or 2 of postgraduate medical training and 
11 were year 3 up to specialist registrar equivalent. Three 
cycles of feedback were obtained with changes made to 
AiD-DST at each stage. The number of items identified 
after each cycle were 20, 12 and 7, respectively. Feedback 
was subsequently categorised into themes that included 
‘style and grammar’, ‘formatting’, ‘information technology’, 
‘insufficiently sensitive signs’, ‘excluded diagnoses’ and 
‘other’ (see Table 1). An example of an issue identified in 
‘grammar’ was confusion over the use of medical abbrevia
tions. The development group recommended that nomen
clature be provided in full without acronyms. The software 
engineer implemented these changes. Under ‘possible 
missed diagnoses’, we subsequently added vitamin B12 de
ficiency and constipation/ urine retention to the list of pu
tative delirium causes. No diagnostic causes were removed 
from AiD-DST. 

In phase 3, twenty junior doctors (13 men, 7 women), 
used the refined version of AiD-DST. Number of years into 
postgraduate medical training was a mean of 4.1; SD=1.9. 
Response rate was 100% for 16 of the 18 questions. With 
7 as the highest attainable score, average overall score was 
6.4 (SD=0.8), which represents ‘agreement’ to ‘strong 
agreement’ concerning usability. Impressions of usability 
persisted across the subscales with at least ‘agreement’ in 
ease of use, interface and satisfaction and usefulness with 
average scores of 6.5 (SD=1.1), 6.5 (SD=0.9) and 6.1 
(SD=1.1), respectively. Absence of an internet connection 
and how the app handled mistakes were individual items 
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Table 2. Showing usability performance of the AiD-DST according to MAUQ.          

Statements Mean 
score 
(SD) 

EASE OF USE 

1 The app was easy to use. 6.7(0.7) 

2 It was easy for me to learn to use the app. 6.7(0.8) 

3 The navigation was consistent when moving between screens. 6.7(0.8) 

4 The interface of the app allowed me to use all the functions (such as entering information, responding to 
reminders, viewing information) offered by the app. 

6.5(1.0) 

5 Whenever I made a mistake using the app, I could recover easily and quickly. 5.1(1.8) 

Overall ease of use score 6.5(1.1) 

INTERFACE AND SATISFACTION 

6 I like the interface of the app. 6.3(1.0) 

7 The information in the app was well organised, so I could easily find the information I needed. 6.5(0.9) 

8 The app adequately acknowledged and provided information to let me know the progress of my action. 6.2(1.0) 

9 I feel comfortable using this app in social settings. 6.8(0.5) 

10 The amount of time involved in using this app has been fitting for me. * 6.9(0.3) 

11 I would use this app again 6.5(0.8) 

12 Overall, I am satisfied with this app. 6.4(0.8) 

Overall Interface and satisfaction score 6.5(0.9) 

USEFULNESS 

13 The app would be useful for my healthcare practice. 6.3(0.9) 

14 The app improved my access to delivering healthcare services. 6(1.0) 

15 The app helped me manage my patients’ health effectively. 6.1(1.0) 

16 This app has all the functions and capabilities I expected it to have. 6.3(1.0) 

17 I could use the app even when the Internet connection was poor or not available. 5.6(1.6) 

18 This mHealth app provides an acceptable way to deliver healthcare services, such as accessing educational 
materials, tracking my own activities, and performing self-assessment. 

6(1.0) 

Overall Usefulness score 6.1(1.1) 

In this questionnaire, 1 - strongly disagree, 2 – disagree, 3 – somewhat disagree, 4 – neither agree nor disagree, 5 – somewhat agree, 6 – agree, 7 – strongly agree 
*The average time spent on AiD-DST according to the server database was 40 seconds (range: 1-169 seconds). 

within the MAUQ with a score of less than 6 (somewhat 
agree). These were also only answered by 25% and 50% of 
respondents, respectively. This recurred as an area of cri
tique in open commentary (see table 1). No adverse events 
or technological failure was reported. 

DISCUSSION 

In this study we showed the process of refinement and opti
misation of an electronic diagnostic support tool, AiD-DST, 
and report on its high usability rating among junior doc
tors. Recognising the causes of delirium can be a challenge, 
even in experienced hands. Junior doctors need guidance 
through the multifactorial web of causality in delirium. The 
AiD-DST is the first and only digital diagnostic support tool 
that may help provide a sophisticated analysis for the ben
efit of junior front-line clinicians who may not always have 
a consultant physician to hand. This might be particularly 
the case out of hours when delirium is most prevalent. The 
perception of usefulness and acceptance of AiD-DST by ju

nior doctors is a promising foundation for clinical imple
mentation. 

Algorithms have been used to diagnose other neurolog
ical conditions such as stroke syndromes with a favourable 
positive predictive value of up to 0.91 (95%CI:0.71-1.0).25 

Smartphone-based tests are moderately accurate in differ
entiating mental health disorders in adulthood.26 More
over, smartphone-based tests have been successfully vali
dated in screening for delirium and discriminating it from 
dementia.27 

One of the challenges for an algorithm for delirium ae
tiology was the inter-patient variability in causality, creat
ing a potential tension between inclusivity and ergonom
ics. Our original study identified key points of difference in 
patient presentation that would help focus clinical enquiry 
while avoiding redundancy in questions. For instance, pres
ence of a fever would prompt a deeper dive into possible 
sources that would be omitted beyond screening questions 
in an afebrile patient. Once AiD-DST was validated as a di
agnostic tool, it was therefore imperative to identify that it 
lived up to the intention of also being usable and helpful in 
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clinical practice once in its desired format of a smartphone 
device. A process of further refinement prior to evaluation 
identified several modifiable factors and corresponding im
provements were made by the expert reference group. This 
finalised version of AiD -DST was shown to be usable and 
acceptable by a sufficiently sized sample of junior doctors 
drawn from the acute medical setting.23 

Limitations of this study include the possibility of re
sponse bias. Firstly, the investigator was an advanced 
trainee in geriatrics within internal medicine at the time. 
While not negated altogether, this risk of influencing junior 
doctors was minimised to a degree by excluding junior doc
tors from the researcher’s own medical team. Further stud
ies will attempt to capture the user profiles in more depth 
and explore utility in experienced providers. 

Second, demographic information concerning the re
spondents was limited. It is possible that certain groups 
were not represented. However, the junior medical work
force is diverse and there was a high level of consistency in 
the responses, as indicated by the small variance. 

Third, notes were taken by only one researcher and not 
transcribed independently, or audio recorded. We acknowl
edge this potential threat to reliability of feedback that in
formed changes to AiD-DST. Due to the intensity of work

load for junior doctors and competing clinical priorities, we 
decided that bringing the research to the doctor would be 
the most feasible methodology. Despite the necessarily lean 
research method, prima facie feedback appeared construc
tive and much of it was actionable by the reference group. 
There was minimal substantive change to the content from 
the original version. Now that AiD-DST has shown promise 
for use in clinical practice, we anticipate exploring the po
tential to adapt AiD-DST for virtual evaluation of patients 
in cases of COVID-19, where delirium is both common and 
contact precautions create impediments to clinical assess
ment.28 

The AiD-DST is a first-of-its-kind electronic support tool 
that requires minimal training, is usable and is deemed 
helpful by target users for clinical practice. AiD-DST can 
be accessible when junior doctors most need it in the for
mat they are most likely to use. With a demographic shift 
in front-line clinician work practices, there is an imperative 
to embrace digital technologies that can improve acumen, 
and delirium aetiology is rightly an emergent focus. Further 
validation and implementation studies are planned. 
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