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ABSTRACT
Aim

The research objective was to explore how a digital 
wound management checklist (Wound Navigator) 
affects clinical decision-making. The aim was to 
understand how physicians view the use of digital 
checklists in a clinical setting.

Methods
The research was conducted as a qualitative case 
study with a usability testing approach. Nine test 
subjects were given seven fictional patient cases, 
which included picture(s) of the wound with some 
medical history and details of the wound. The results 
were analysed according to the usability domains 
effectiveness, efficiency and engagement.

Results
With the digital wound management checklist, all 
test subjects were able to work through patient cases 
and receive a valid conclusion and recommenda-
tions for follow-up procedures. The majority of the 
test subjects found that it helped in selecting follow-
up procedures. Several test subjects reported that the 
digital wound management checklist brought struc-

ture to the patient assessment and commented on 
its clear user interface. Improvements pointed out by 
the test subjects included decreasing the number of 
mouse clicks. Test subjects reported that they could 
use the digital wound management checklist in clini-
cal work to assist in patient assessment, especially 
with more complex cases.

Conclusions and implications 
for clinical practice

The digital wound management checklist provides 
structure to the patient assessment and can either 
enforce or broaden the clinical decision-making 
process; thus, it can be useful, especially when as-
sessing more complex cases or when the physician is 
inexperienced. End-users declared the digital wound 
management checklist was a tool they would use in 
their work.

INTRODUCTION
Wounds have a profound effect at both the individual 
and societal levels, requiring substantial healthcare ex-
penditures while having a drastic effect on quality of 
life (1,2). The reason why a wound becomes chronic 
should always be diagnosed; often, there is a chronic 
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condition affecting the persistence of a wound (3,4). 
The crucial aspects of wound management are well-
executed clinical examination and history-taking, 
which form the foundation for diagnosis and care 
(5). The aetiology of the wound guides the clinical 
decision-making process, the selection of interven-
tions and over-all care plan. If the root cause is not 
established in time, a delayed diagnosis can lead to 
serious adverse effects and increased costs (3).

Checklists are quick and appropriate tools for clini-
cal practice while including all the items required 
for an examination. These tools are typically easy to 
implement within the clinical guidelines for prac-
tice (7). For example, the World Health Organiza-
tion published a surgical safety checklist in 2008 to 
improve patient safety in surgical procedures. The 
use of checklists has been proven to promote patient 
safety. Research on patients suffering from wounds 
and undergoing surgical procedures reported changes 
in patient care in nearly 50% of cases due to the use 
of checklists (7).

Usability is defined in the literature as the ‘extent 
to which a system, product or service can be used 
by specified users to achieve specific goals with ef-
fectiveness, efficiency and satisfaction in a specified 
context of use’ (8). Effectiveness refers to the accuracy 
and completeness with which users achieve specified 
goals, whereas efficiency is related to the resources 
spent to achieve the goals. Efficiency reflects the speed 
of work, either from a quantitative time-consump-
tion perspective or a more subjective perspective, such 
as a task requiring too many mouse clicks (8,9). The 
ISO standard defines satisfaction as comfort and 
acceptability of use. Similarly, the pleasantness and 
satisfying qualities of the product are combined in the 
literature as engagement (9). However, engagement 
can also depend on the perceived overall usability of 
a system (10).

The research objective of the present study was to 
explore how a digital wound management checklist 
(Wound Navigator) affects the clinical decision-mak-
ing process. In addition, the aim was to understand 
how physicians view the use of digital checklists in 
a clinical setting. The research questions were as fol-
lows: 

1. How do digital checklists support clinical decision-
making in wound management?

2. How do clinical professionals perceive the usability 
of digital checklists in a clinical setting for wound 
management?

The digital wound management checklist is an inter-
active tool that provides sets of questions for the user. 
The question set varies according to the location of 
the wound and depending on the answers the user 
selects, as the questions follow a predefined decision 
tree. The questions cover the most important aspects 
of wound assessment and the most typical wound 
types.

METHOD 
The research was conducted as a qualitative case study 
with a usability testing approach. End-user testing 
was employed as the data collection method. Us-
ability testing aims to discover what users do and 
what they do not do. Testing enables us to collect 
data on users’ perceptions, what they want from a 
product and whether the product supports users in 
reaching their goals (10). The sample size was deter-
mined by data saturation. Saturation refers to the 
point where no new data relating to the research 
questions emerges (11).

The nine test subjects represented two groups: medi-
cal students and physicians working in primary care. 
The test subjects represented the defined user group 
for the digital wound management checklist. They 
were given seven fictional patient cases with typical 
and atypical wounds, which they evaluated based on 
their clinical knowledge. These fictional cases rep-
resented tasks for usability testing; five were typical 
lower limb wounds, while two represented atypical 
wounds. The test cases were written following the 
method for key feature problems (KFP), which is 
generally used for clinical decision-making skills test-
ing. The KFP method allows researchers to identify 
the critical issues related to clinical decision-making 
and represents a validated measure for diagnostic ac-
curacy (12,13). This approach was used to compare 
the results of the patient case evaluations.

The seven fictional patient cases included picture(s) 
of the wound with some medical history and wound 
details (Figure 1). When the test subjects evaluated 
these cases, they could ask for further details, for 
example regarding the ankle brachial index. If they 
did not ask for further details, such information was 
not automatically provided. The seven patient cases 
represented typical and atypical wounds, as follows: 
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1.	 An atypical lower limb wound with a 
	 wound infection (pyoderma gangrenosum 
	 related to Crohn’s disease)

2.	 Lower limb wound related to swelling in 
	 the limb

3.	 Lower limb wound related to ischemia 
	 and swelling

4.	 Ischemic pressure wound in lower limb

5.	 Diabetic and neuropathic lower limb wound

6.	 Pressure wound in the buttock area

7.	 Post-operative atypical (pyoderma 
	 gangrenosum) wound in upper limb

The test subjects were not able to use any refer-
ence materials or support tools while evaluating the 
fictional patient cases, thus they needed to rely on 
their previous experiences of treating patients suf-
fering from a wound. The test subjects stated their 
conclusions and defined the follow-up procedures, 
which were recorded and analysed according to the 
predefined key features. After going through the 
seven patient cases, the test subjects used the digi-
tal wound management checklist and went through 
the cases again. The action suggestions given by the 
digital wound management checklist were recorded 
and analysed again according to their key features. 
The results from each patient case, without and with 

the digital wound management checklist, were then 
compared and evaluated for differences. 

In addition to fictional patient case evaluations, the 
test subjects were interviewed regarding the digital 
wound management checklist’s usability as a part of 
clinical work. The interviews were semi-structured, to 
facilitate clarifying and deepening the discussion on 
possible issues raised during the interviews. The inter-
view questions covered various aspects of checklists in 
clinical settings and the digital wound management 
checklist. For example, one question was, ‘How do 
you feel using digital checklists in your work?’ The 
semi-structured interview method allows flexibility, 
as the interviewer may change the order of the ques-
tions (14). 

The interviews were recorded and transcribed verba-
tim. The full end-user testing session was observed, 
when possible, and any findings related to the use of 
the digital wound management checklist were noted 
and included in the data collection. The findings 
from the data collection phase were themed according 
to three usability domains: effectiveness, efficiency 
and engagement. These domains and concepts rep-
resented the themes for analysis. Following the the-
matisation, the findings were subject to qualitative 
content analysis.

RESULTS
Effectiveness

The effectiveness dimension of usability measures 
whether the tasks given were completed successfully 
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Figure 1: Example of a patient case

Patient Case 3
 n	 69-year-old male, coronary artery disease, 
	 prostata hyperplasia, hypertension, 
	 asthma, polyneuropathy, adenoma 
	 removed from sigmoid colon in 2007, 
	 gout, no diabetes

 n 	Approximately one year ago, reported 
	 swelling bilaterally to lower limbs, right 
	 more dominant. Diagnosed with 
	 erysipelas, which was treated with IV 
	 antibiotics

 n 	Together with the erysipelas skin blister to the right foot, which has started to expand

 n 	Intermittent pain in the lower limb, which has eased when leg is dangled
	
What follow-up procedures would you do, and what do you think about the aetiology of the wound?
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	 Test	 Test	 Test	 Test	 Test	 Test	 Test
Test	 Case 1	 Case 2	 Case 3	 Case 4	 Case 5	 Case 6	 Case 7

	 w/o	 with	 w/o	 with	 w/o	 with	 w/o	 with	 w/o	 with	 w/o	 with	 w/o	 with

	 WN	 WN	 WN	 WN	 WN	 WN	 WN	 WN	 WN	 WN	 WN	 WN	 WN	 WN

Test Subject A	 ?	 X	 X	 X	 X	 X+	 X	 X+	 X	 X	 X	 X+	 -	 X+

Test Subject B	 X	 X	 X	 X+	 X	 X+	 X	 X	 X	 X+	 X	 X	 ?	 X

Test Subject C	 ?	 X	 X	 X+	 X	 X+	 X	 X+	 X	 X+	 X	 X+	 -	 X+

Test Subject D	 X	 X	 X	 X+	 X	 X+	 X	 X+	 X	 X+	 X	 X+	 X	 X+

Test Subject E	 -	 X	 X	 X	 X	 X+	 X	 X	 ?	 X+	 X	 X+	 ?	 X

Test Subject F	 -	 X	 -	 X+	 X	 X+	 -	 X+	 X	 X+	 -	 X+	 ?	 X+

Test Subject G	 X	 X	 X	 X+	 X	 X	 X	 X	 X	 X+	 -	 X+	 X	 X

Test Subject H	 X	 X	 X	 X+	 X	 X	 X	 X	 X	 X+	 ?	 X+	 ?	 X

Test Subject I	 X	 X	 X	 X	 X	 X+	 ?	 X	 X	 X+	 -	 X+	 ?	 X+

Explanation of the markings in Table 1:
	 w/o WN = 	 Without the Wound Navigator
	 ? = 	 The test subject mentioned some of the key features, but did not cover them all.
	 X = 	 The test subject mentioned all key features.
	 - = 	 The test subject did not mention any of the key features.
	 with WN = 	 With the Wound Navigator
	 X = 	 The test subject received correct conclusion and procedure recommendations from the 
		  Wound Navigator.
	 X+ = 	 The test subject received correct conclusion and procedure recommendations, but also 
		  received additional conclusions from the Wound Navigator.

Table 1: Summary of patient case evaluation comparisons

(9). In this study, this was evaluated using patient 
cases with KFP. During the data analysis, findings 
from the patient case evaluations were complemented 
with the semi-structured interview answers related to 
the clinical decision-making process.

The test subjects were more confident when evalu-
ating patient Cases 2–5, which were represented as 
ease and swiftness in determining the follow-up pro-
cedures and possible aetiology. In addition, for more 
familiar cases, the test subjects often reported pos-
sible diagnoses and were confident in their decisions. 
Cases 1, 6 and 7 were clearly more difficult to assess. 
Case 7 caused the greatest uncertainty among the test 
subjects, most of whom reported that they did not 
have any idea what the aetiology of the wound might 
be. However, most of them were able to identify the 
recommended procedure (biopsy). One test subject 
was not able to select any follow-up procedures for 
Case 7. 

After evaluating the seven patient cases, the test sub-

jects went through the same cases again with the help 
of the digital wound management checklist. They 
answered the questions in the digital wound man-
agement checklist and received a summary of their 
answers and procedure recommendations for each 
patient case. With the digital wound management 
checklist, all test subjects were able to complete each 
patient case evaluation and to proceed from one ques-
tion to the next without issues, completing the full 
question set for each of them. After answering the 
questions, the subjects received a valid conclusion 
and follow-up procedure recommendations for each 
patient case. 

The results received with the digital wound manage-
ment checklist were compared with the evaluations 
made without the digital wound management check-
list with the help of KFPs. Key features mentioned 
by the test subjects without the digital wound man-
agement checklist were compared to the key features 
covered by the results received from the digital wound 
management checklist. The comparison is presented 
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as a summary in Table 1. The quantitative summary 
is for visualisation purposes.

According to the interview results, most test subjects 
found that the digital wound management checklist 
helped them to select and narrow down the possible 
follow-up procedures, especially in the more com-
plex cases. Several pointed out and observed during 
end-user testing that some of the medical terms and 
descriptions used in the digital wound management 
checklist were not familiar; examples of these were 
‘purple rim around the wound’, as it was not defined 
more precisely, and ‘sinus pilonidalis’, which might 
not be a familiar term. The user might not be able 
to complete the questions if they do not understand 
what is being asked. This would hinder them from 
completing the task, thus affecting the effectiveness 
dimension of usability. Another issue related to the 
concepts used that could weaken the effectiveness di-
mension was observed during the testing sessions: test 
subjects seemed to perceive that the wound had signs 
of infection, even when there were no evident clinical 
signs of infection. This was possibly caused by an 
unclear description of the clinical signs of infection. 
Several test subjects reported the digital wound man-
agement checklist’s benefits as bringing structure to 
the patient assessment, which can be especially dif-
ficult for more complex wounds. They felt that it 
covered a variety of issues that can affect the wound, 
some of which they would not necessarily have no-
ticed themselves.

Efficiency and engagement
Efficiency relates to how quickly a task can be com-
pleted, whereas engagement, in this context, relates to 
the pleasantness of using the software (9). Efficiency 
was partly studied in the patient case evaluation and 
complemented with the semi-structured interview 
answers, whereas the engagement dimension was 
covered by interview replies.

During the end-user testing, the test subjects pointed 
out that the user interface was clear to them. For 
example, they said, ‘the digital wound management 
checklist worked smoothly and was clear’ and ‘It was 
clear and did not have too many options to choose 
from’. Not having too many options or in-depth 
questions made it faster to use. In addition, one 
subject mentioned that there was no need for opera-
tional instructions. Similar conclusions were drawn 
while observing the testing. The test subjects neither 
stopped to think about how to proceed nor asked 

for instructions on how to use the digital wound 
management checklist during testing. A clear inter-
face promotes efficiency, as the user does not have to 
spend time figuring out how the software functions. 
Additionally, time is saved if the user does not need 
to look for instructions. 

During the interview, test subjects pointed out a cou-
ple of issues relating to the digital wound manage-
ment checklist’s efficiency. There were two improve-
ment suggestions for the tool: combining several 
questions into one view, and showing some of the 
procedure recommendations in the digital wound 
management checklist itself, instead of using a pdf 
document. In the version of the digital wound man-
agement checklist that was tested, the questions were 
presented to the user one at a time, so that after they 
answered one question, the next question appeared. 
Combining several questions onto one screen would 
decrease the number of clicks the user has to make, 
thus speeding up the answering process and improv-
ing the efficiency of the software.

The digital wound management checklist gives 
procedure recommendations in two ways: short rec-
ommendations directly after the user has answered 
all questions, and longer, more comprehensive in-
structions given in a separate pdf document, which 
the user can download and open when necessary. 
The test subjects wished that some of the additional 
instructions could have been added to the digital 
wound management checklist from the pdf docu-
ment. This would improve the digital wound man-
agement checklist’s efficiency, as the user would not 
need to open the pdf. Another issue relating to the 
pdf recommendations also related to the number of 
clicks. This matter was raised through observation. 
Test subjects needed to make several mouse clicks 
to open the pdf procedure recommendations, again 
affecting efficiency.

When the engaging dimension of usability was ex-
plored from the data collected, several matters were 
revealed. All test subjects reported that they could 
use the digital wound management checklist in their 
clinical work to assist in wound patient assessment. 
Their reactions included, ‘…it is like a game!’, ‘it’s 
quite the bomb, in a positive way’, and ‘…nice, 
compact tool…’. These positive comments from 
the users indicate that the digital wound manage-
ment checklist’s user interface aroused positive feel-
ings among the test subjects, and positive feelings 
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promote engagement with the software. Several test 
subjects were eager to start using the digital wound 
management checklist in their clinical work as soon 
as possible. The notion that the digital wound man-
agement checklist resembles a game could imply that 
the user felt engaged with the software. Gamification 
is commonly used in digital service design to increase 
users’ engagement (15).

DISCUSSION
This study studied how a digital wound management 
checklist can support clinical decision-making and 
how clinical professionals perceive the usability of 
digital checklists in the clinical setting for wound 
management. The results of this study indicate that 
digital checklists can bring structure to the patient 
assessment process, especially in more complex cases, 
by helping to select and narrow down the possible 
follow-up procedures. The digital wound manage-
ment checklist’s user interface was clear to use, and 
test subjects reported that they could use it in their 
clinical work. Checklists have frequently been used in 
healthcare, and research has shown that using check-
lists can reduce adverse effects and improve quality of 
care.(16,6) Digital checklists have also been shown 
to support clinical decision-making and improve the 
usability of checklists (17).

Digital checklists in clinical 
decision making

Based on the findings from this study, a digital wound 
management checklist can have a positive impact on 
clinical decision-making. Two scenarios clearly stood 
out from the test subjects’ feedback: 

 n 	 Complex or otherwise atypical wound patient 
	 assessment

 n 	 Unexperienced physicians (those with less 
	 experience in, or when it has been a long time 
	 since, treating a patient suffering from a 
	 wound), especially in primary healthcare.

A digital wound management checklist can provide 
structure to the patient assessment process, as it 
prompts the user to go through the questions re-
quired to produce procedure recommendations. The 
questions are evidence-based and follow predeter-
mined decision trees, which supports the implemen-
tation of clinical guidelines in practice (6). Thus, it 
can remind the user of various factors that can affect 
wound healing. The user can follow the questions 

when evaluating the patient’s case, to ensure that all 
relevant factors are considered during the evaluation. 
This is especially helpful in complex patient cases, 
where there can be multiple comorbidities affecting 
the wound. 

Another benefit of a digital wound management 
checklist in clinical decision-making is that it can 
either enforce or broaden the process. As it provides 
procedure recommendations, the user can compare 
their own reasoning to the results received from the 
digital wound management checklist. The physician 
is always responsible for the decision-making, but by 
using the digital checklist, the procedure recommen-
dations can be used to ensure that all recommended 
procedures are performed. Surgical checklists have 
had a positive effect on decision-making (7), and 
based on the results of this study, the same poten-
tial can be seen in the digital wound management 
checklist. 

The test subjects reported that they had not used 
checklists widely in their clinical work; however, they 
did report that checklists could support it. The sub-
jects also reported that they had used some digital 
tools in their work, but it is surprising how few digital 
tools had been used, as the subjects came from an age 
group that can be considered digital natives. Based 
on the findings in this research, it seems that there is 
an unmet need for digital checklists, especially as the 
literature has shown that their use can reduce adverse 
effects in healthcare.

Usability of digital checklists
Usability is defined in the literature as the ‘extent 
to which a system, product or service can be used 
by specified users to achieve specified goals with ef-
fectiveness, efficiency and satisfaction in a specified 
context of use’ (8). In this study, the usability of the 
digital wound management checklist was studied 
from three key dimensions: efficiency, effectiveness 
and engagement. Implementation of checklists re-
quires motivation from the professionals, and the use 
of checklists should be effective to be beneficial (16). 
Better usability can engage users with the service and 
improve productivity, as time is not lost deciphering 
complicated and illogical digital tools (18).

The test subjects underlined the importance of ease 
of use during the interviews. Each subject empha-
sised that they would use digital checklists if they 
were quick and easy to use and readily available. The 
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subjects considered the wound management check-
list to have a clear user interface that supported task 
completion, and thus the effectiveness of the digital 
wound management checklist. To further improve 
the efficiency dimension, the number of mouse clicks 
required was noted as a development matter for the 
software. The test subjects mentioned that the lack 
of time and resources can prevent the use of digital 
tools in a clinical setting, however useful they might 
be. The efficiency dimension of usability was thus 
considered critical. Digital checklists must not only 
provide the features needed, emphasis must also be 
put on the time resources required to use them. Over-
ly complex and time-consuming tools are not usable 
in the current healthcare setting; there is a great need 
to produce tools that save time, rather than spend it. 
Still, it should be noted that time used in examining 
the wound to resolve its aetiology is time well spent, 
as it leads to speedier recovery. Thus, time spent us-
ing the digital wound management checklist can be 
considered an efficient use of time. 

The engagement dimension is considered an impor-
tant factor in usability. Users expect good usability, 
and if those expectations are not met, users will not 
engage with the software (10). End-users considered 
the tool pleasant to use and were satisfied with it. 
They reported that the checklist was a tool that they 
would use in their work, and some even expressed 
eagerness to begin using the checklist as soon as pos-
sible. Such findings provide insight into the engaging 
qualities of the software and indicate that the software 
has managed to engage the test subjects and would 
be accepted for use. In combining the end-users’ 
tests findings in the context of the three usability 
dimensions, we can conclude that each of these is 
important for users hoping to adopt the tool in their 
work routines.

In addition to the above, the finding mentioned in 
the efficiency portion of the Results section, that the 
user interface was described as clear, can be perceived 
as also related to the engaging dimension. An easy and 
pleasurable user interface promotes engagement with 
and satisfaction in the software. Several users empha-
sised that the digital wound management checklist 
would be useful, especially with more complex cases, 
as it provides ‘concrete instructions and simple ques-
tions’. As for the digital wound management check-
list’s good features, the test subjects mentioned that 
the recommendations were clear and concise, and the 
procedure recommendations gave them assurance on 

how to handle difficult wounds. Such assurance can 
promote engagement with the software.

Limitations
The sample size in the study was small, which limits 
the generalisation of the results regarding the effects 
of the checklist on the clinical decision-making pro-
cess. The number of end-users involved in the test-
ing was limited, due to the Covid-19 pandemic, as 
professionals’ time and resources were tied up by the 
acute situation. However, the number of test sub-
jects can be considered adequate for usability tests. 
According to the literature, a small number of test 
subjects is enough, since the number of new findings 
decreases with each participant (19). This was also 
observed here, as there were significant similarities 
among the test subjects’ answers. New information 
was not emerging from the data; thus, the data had 
reached saturation with this sample size.

The generalisation of the results may also be limited, 
due to the non-random selection of the sample. Five 
of the nine test subjects had previously worked with 
one of the co-authors. The other four test subjects, 
by contrast, were selected by their supervisors, who 
had no connection to the study; none had used a 
digital wound management checklist. Still, the co-
author did not participate in the end-user testing or 
interviews.

Another limitation was that the researcher knew the 
patient cases and the KFPs related to the patient 
cases. They were planned so that they covered the 
different areas included in the digital wound manage-
ment checklist, as the testing was part of the tool’s 
validation. This could have affected the objectivity 
of the research, as the patient cases did not represent 
a random sample as would be the case of patients 
arriving at a clinic. However, the patient cases were 
selected to cover the most common types of wounds 
seen in primary healthcare settings.

CONCLUSION
A digital wound management checklist provides 
structure to the patient assessment and can either 
enforce or broaden the clinical decision-making 
process, thus it could be useful, especially when as-
sessing more complex cases or when the physician is 
inexperienced. End-users reported that the wound 
management checklist was a tool they would use in 
their work.
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Future research
 n 	 Future research could include replicating the 
	 research design with actual patients. This would 
	 provide insights on using the digital wound 
	 management checklist in a real-world setting. 
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Key messages
 n 	 Checklists provide a quick tool for clinical 
	 settings and promote patient safety.

 n 	 This study investigates how a digital wound 
	 management checklist affects the clinical 
	 decision-making process. 

 n 	 The digital wound management checklist can 
	 provide support in examining patients who 
	 suffer from wounds and support clinical 
	 decision-making. To be useful in clinical 
	 settings, digital checklists should be straight-
	 forward to use. m
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