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ABSTRACT

A clinical decision-support system for dementia investigation
was used in clinical practice. User information was collected
based on interactions with the application. The aim of this
study is to identify features in logged data that can be used
for detecting learning and reasoning patterns in the user. A
case of a physician who is novice to both the application and
the dementia domain was studied and compared to the case
of an expert physician using the system. Differences between
them were found, and a clear pattern that indicates that
learning takes place, both how to use the system and about
dementia, was observed in the novice user. Further studies
need to be conducted, focusing on whether patterns become
stable over time, and with complementary methods that can
detect reasons for observed behaviors. Software for automatic
detection will be developed based on the results of this study.
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1 INTRODUCTION

Clinical decision-support systems (CDSS) are typically aimed
at supporting the medical and health practitioners in their
reasoning and decision-making processes [4, 10, 11, 21]. A
CDSS may also aim at educating the practitioner at the
point of care, and then supporting a clinical work process
[5, 8, 9]. The Dementia Diagnosis and Management Support
System (DMSS-W) is developed for supporting reasoning
and decision making relating to the dementia investigation,
and supporting learning and skill development in the user of
the system [16, 20].

A study showed that there were limitations in physicians
knowledge when assessing dementia diseases [14], in particu-
lar, on aspects that are instrumental for dementia diagnosis.
This study aims to explore further patterns of reasoning
and learning in physicians who uses the decision-support
system for dementia diagnosis. The hypothesis is that if a
decision-support system could detect reasoning and learning
patterns in the user, the system could also provide person-
alised support to learn and further develop skills in diagnostic
reasoning. Moreover, preserved changes in the pattern could
indicate that learning and skill development has taken place
[20].

The observations outlined in [20] that indicated that learn-
ing takes place were the following. A click event on an item
that activates an assessment protocol represents a focus shift
towards the concept associated to the assessment protocol,
which represents a task to be done. A click event on an aid
button represents either a) the intention to learn about the
system, or b) the intention to learn about the particular
feature, which then is assumed to be in focus. Each click
event that generates evidence represents a conclusion (deci-
sion) drawn by the user. A click event related to the guide
functionality represents either lack of knowledge about what
to do next, or an intention to speed the process up, as a fast
assessment track. A shift from the diagnosis and intervention
protocol to the data-capture protocol with subsequent log-
ging of new evidence represents increased awareness of, or
new insights about missing information. These assumptions
were further explored in the following section.

The aim of the work presented in this paper is to explore
patterns of use when physicians have access to the decision-
support system over a longer period of time, in our case,
at least one year, to see if patterns of reasoning can be
detected. It should be noted that the users are typically
general practicians who may not meet patients with suspected
dementia very often, and when they meet the patient, they
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have very limited time scheduled for assessment [13]. This is
also a reason for why a decision-support system is viewed as
an instrument that has the potential to bridge the irregularity
of patient encounters, and lack of experiences in general
practicians. It has also shown to improve the routine of
dementia assessment [13].

In our earlier research some interesting observations that
could indicate that learning takes place were outlined [20]. In
this work we aim to apply and evaluate these in a new case
of a novice physician who has used DMSS for a longer period
of time, and complement these features with additional ones
before developing software for automated detection.

The paper is organised as follows. A description of the
methods applied is provided in the following section. Then,
general trends for reasoning and decision making for novice
and expert are briefly summarised, followed by a detailed
depiction of our DMSS-W system. The data for the case study
is described afterwards, and a discussion on the analysis of
the data is provided subsequently. The article ends with some
conclusions and directions for future work.

2 REASONING AND DECISION
MAKING IN NOVICE AND EXPERT
CLINICIANS

Studies have shown differences in the reasoning patterns in
novice clinicians and expert clinicians [7, 22, 23]. An experi-
enced professional typically first assesses the situation of the
patient in terms of various aspects, which are used to build up
evidence for syndromes, before reasoning about the conclusion
about the diagnosis and the corresponding potential causes.
This pattern is widely acknowledged as a typical expert be-
haviour, where he/she collects information such as symptoms
from the patients, and then make a judgment/decision based
on the rich experiences and knowledge he/she has [12, 24].
The first part of such reasoning strategy is a type of forward-
chaining reasoning that, in the case of diagnostic reasoning,
is combined with a type of backward-chaining reasoning, i.e.
causal reasoning, when sufficient amount of information has
been collected. The diagnostic reasoning process involves
four types of inferences: abstraction and abduction (drives
hypothesis generation [25]), deduction and induction (drives
hypothesis testing [6]) [2].

Unlike experts, novices tend to apply a causal reasoning
already at an initial stage of their assessment procedure,
which begins in the potential explanation of the condition.
That is, the physician first makes a hypothetical diagnosis
and subsequently investigate features, which may or may
not support the hypothesis. Finally he/she makes necessary
adjustment to the hypothesis accordingly. This pattern is
often seen among non-expert doctors who lacks the ability
to collect and critically analyse all the symptoms, and has
to make a hypothesis first and then modify it based on the
symptoms. The risk with this strategy is to miss important
information. Consequently, diagnostic reasoning is strived
for, when novice clinicians develop skills. Also very high
level of diagnostic accuracy is seen when diagnostic reasoning

26

is used [22]. However, the causal reasoning pattern is also
seen in expert physicians explaining to a medical candidate
reasons for diagnosis [7]. Therefore, in our work, the design
of the decision-support system is aimed at supporting a
diagnostic reasoning process, yet, allowing a user to switch
between forward and backward chaining reasoning depending
on current experience and skills.

3 THE DEMENTIA DIAGNOSIS AND
MANAGEMENT SUPPORT SYSTEM

The Dementia Diagnosis and Management Support System
(DMSS) [15] has been developed by medical experts [17,
18] and integrates a number of international and evidence-
based diagnostic criteria and treatment protocols. DMSS
contains support for learning i) how to use the application,
ii) about each relevant symptom, syndrome and disease, iii)
how each relates to assessing a cognitive disorder, iv) about
the ambiguities and uncertainty related to diagnosis, and v)
a procedure for assessment.

Current version of DMSS is built using the ACKTUS Web
platform for knowledge engineering of knowledge-based sys-
tems (DMSS-W) [19]. The ACKTUS core ontology contains
the class assessment-protocol, which represents templates
for conducting activity such as dementia investigation. All
knowledge-based applications developed using the ACKTUS
platform are based on an instance of this class [18]. The main
assessment protocol that builds the application contains other
assessment-protocols representing composite sub-actions, or
content such as questions with typically structured answer
alternatives. These protocols can be interrelated and be exe-
cuted as a kind of a loosely coupled workflow in order to aid
the user in accomplishing a task.

The main assessment protocol for DMSS-W contains four
sub-protocols where we study in this article in particular the
Data Capture protocol, Dementia Diagnosis and Intervention
protocol, and the Introduction to DMSS protocol. The struc-
ture of nested sub-protocols builds the menu system in the
user interface, and represents sub-actions in the assessment
task (Fig. 1). When the user clicks on a menu item, this is
interpreted as the user is shifting focus towards the topic of
the selected sub-protocol. A click on a value associated to a
phenomenon, or symptom, generates an information node,
which is represented as evidence associated to the ongoing
event (Fig. 1). A click on a button leading to aid functionality
is logged as an observation associated to the event. The aid
can be either about how to use the system, or explanations
and definitions of concepts relating to symptoms and diseases.

The application functions as a checklist, and supports a
systematic process of forward-chaining reasoning, where a
professional first assess the situation for the patient regard-
ing various aspects, which are used for building up evidence
for the presence of syndromes, before moving into reasoning
about the potential causes and conclusions about diagno-
sis, represented by activating the menu item Diagnosis and
intervention and the connected automatic reasoning engine.
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Figure 1: Logged information related to click events.

The application also has a guide functionality, which is
activated by a button called ”what to do next?” (Fig. 1). This
guide functionality further supports the forward-chaining rea-
soning process by providing the user a subset of the features
necessary to investigate in the current situation taking the in-
formation collected so far into account and a set of guidelines.
This functionality is a step-by-step procedure in three steps,
where the necessary information that is asked for leads to
an intermediate decision about the patient’s condition. The
final step presents a set of potential diagnoses, and leads the
user to the Diagnosis and Intervention tab.

A different reasoning strategy is to begin with a hypo-
thetical diagnosis and investigate features, which support or
contradict this hypothesis, i.e., backward-chaining, or causal
reasoning. A user of DMSS-W can any time access this rea-
soning functionality, which generates support for different
diagnoses, and which provides an overview of the available
potential hypotheses and their support. In case a medical
professional suspects a certain disease, this functionality can
provide information about the corresponding diagnosis, and
information that are potentially missing that is necessary for
diagnosis.

4 METHODS

Java programming language [1] was used to develop DMSS-W.
In order to record the log data, OWL ontology technology [3]
! namely repository was used. We defined the nodes as well
as the relationship between the nodes and designed the actor
repository as the log file. When physicians used DMSS-W,
their click behaviour were automatically recorded to actor

Yhttp://www.w3.org/OWL/
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repository. The work in this paper is mainly to analyse the
log file and to recognise the reasoning patterns of the users.

29 physicians had access to DMSS-W during the past year.
The major part of the physicians are using the DMSS-W
for the first time. Data regarding their activities has been
stored in a log file. For the purpose of this case study, two
users were carefully selected out, who have been active over
a longer period of time where one assessed himself an expert
and another assessed himself being a novice in the dementia
field. The data was analyzed semi-automatically to answer
the following research questions.

(1) Are the observations outlined in [20] sufficient? If not,
what needs to be added?

(2) Can we use these observations to find out if the novice
physician generates stable patterns of diagnostic rea-
soning over a period of time?

(3) Can we recognise any differences between the user’s
behaviour in the initial phase and later phases of use?

(4) Are there differences between the novice and an expert
when using the system?

The process for the semi-automatic analysis of the log data
is summarised as the following six steps:

(1) Divide the data into groups according to the different
users.

(2) In each group, sort the data by their starting time
when the event occurs.

(3) Further separate the data according to their dates.

(4) Assignment each button with a number such that this
number reflects the position of the button in the logic
chain of the reasoning. The numbers also include the
information of the hierarchy structure of the buttons.



(5) If there are several cases diagnosed in the same day,
make sure the data are separated properly so that they
are not mixed and mistaken.

(6) Finally, manually determine the reasoning pattern by
summarising the appearance sequence of the numbers.
For example, navigating from 2.2 to 3.1 should be
considered as a sign of forward-chaining reasoning.

During the last step, the data was sorted into three cate-
gories of sessions where i) the patient cases were complete, in
the sense that diagnosis is considered, ii) partial information
is entered about a patient case, and iii) sessions when no
patient-specific information is entered, the physician is only
navigating around the user interface. These different types
of sessions were mixed throughout the period of use.

The theoretical framework that we use as lens to analyse
the case study in depth is described in Sect. 5. In brief, the
typical expert and novice behaviours are different. Studies
show that experts typically apply a diagnostic reasoning
procedure that begins with forward-chaining reasoning. They
start with the symptoms, etc., which are used to build up
evidence for syndromes (abstracted interpretations of the
evidence, e.g. a state of dementia), before reasoning about
the potential conclusion regarding the cause of the symptoms
and the syndrome, e.g. Alzheimer’s Disease. On the other
hand, non-experts too often begins with a potential and most
likely conclusion and then use the observations of symptoms
to test if this conclusion is correct or not. These differences
are well recognised in literature and are based on previous
statistical studies [7, 22, 23], and have impact on the quality
of the assessments. Therefore, in this work we opt to use it
as the basis of our theoretical analysis.

5 DIAGNOSTIC REASONING
PATTERN WHEN USING A
DECISION-SUPPORT SYSTEM:
RESULT OF A CASE STUDY

Clinical physicians from Japan diagnosed dementia patients
using DMSS-W. Their activities were logged in the actor on-
tology. Fig. 2 is a screenshot of the log file which is shown in
Protege?. The left panel of Fig. 2 is the events; while the right
part is the properties and values of the selected event. The
value of the property “is-activity” corresponds to the menu
the user clicked. “has-start-time” and “has-end-time” mean
the start time and end time the event occurred, respectively.
“has-evidence” means the symptom the patient has or the
disease diagnostic decision the system made. All these prop-
erties and their values are shown in Fig. 2. Apart from these
property values, an event may have “has-observation” which
indicates the user clicked on a kind of help button. An event
at least has the first three properties. It may have from zero
to many “has-evidence” and/or “has-observation” property
values. In this way, we logged all user click behaviors and
the relevant information needed for analysis the behaviour.

2http://protege.stanford.edu/
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Using the six steps mentioned in Sect. 4, we analysed the log
file.

As mentioned in Sect. 4, one expert and one novice were
selected for further detailed analysis. The numbers of cases
in the three different categories the two users have dealt
with are summarised respectively in Table 1. This paper
mainly focuses on the data in first category. Although all the
data from the users have been analysed, only two users are
selected for the reasoning patter study. The practical reason
for this is because other users either spend not enough time
in using the system, or their behaviours are free-rein-based to
some extent, where we have difficulties in finding systematic
conclusions based on their data.

For the first 12 complete patient cases the novice physi-
cian’s use pattern is a mixture of forward-chaining reasoning
and back-and-forth reasoning. During the “back-and-forth”
reasoning, the user joggles one or two times between the pa-
tient symptoms and the conclusion/hypothesis. Subsequent
to these cases, the physician continues to diagnose another
three patients, where it is very clear that he/she uses pure
forward reasoning pattern. It was observed that the forward
reasoning in Cases 13-15 is fundamentally different from the
forward reasoning appeared in the earlier cases. In the last
three cases, the physician is moving systematically from “reg-
ister new case” to “data capture”, then to “diagnosis and
intervention”, and does not utilize any help functionalities.
A conclusion can be reached that this novice did show a
learning process of how to use the system and developed a
computer assisted diagnosis routine over the course of more
than 10 completed patient cases.

No obvious and clear patterns in the reasoning could be
detected in the expert physician’s data. For 4 of 12 completed
cases, this expert physician seems to have used forward rea-
soning and the time spent on each case is much less than
the other completed cases, which indicates that these were
less complex cases. In the other cases the physician navigates
back and forth among the buttons to a significantly higher
degree, which indicates that the reasoning patterns are mixed
and complicated.

Table 1: The numbers of cases which the novice and
expert have dealt with summarized as into 3 cate-
gories.

Professional .
Case type Novice | Expert
i) Completed cases 15 12
ii) Partial information cases 4 1
iii) No patler.lt—spe(nﬁc 16 15
information cases

No particular time differences could be detected between
the novice and expert physicians. In earlier studies the time
spent using the application depended primarily on the com-
plexity of the patient case [13].



¥ Event1d450171163795
& Event1450171165756
& Event1450171167067
& Event1450171168487
& Event1450171174128
& Event1450171174132
& Event1450171177776
& Event1450171177791
& Event1450171179765
& Event1450171183188
# Event1450171183192
& Event1450171185734
& Event1451001603989
& Event1451001604067
# Event1451001607453
# Eventl451001625425
& Event1451001626461
& Event1451001664009
& Event1451001701228
# Event1451001703754 Hegative abject property asserions
& Event1451001703758

Data ety assertions

® has-end-time
® has-evidence
m has-evidence
® has-evidence
m has-evidence
m has-evidence

m has-evidence
® has-evidence
m has-evidence

m has-evidence "inodea548b861-fb6a-4ae5-b5db-935b104ae577" "~ string
mis-activity "Ap1285592686615"~"string

"20151225_09:00:25"~"string
"inodeba358ba6-3b3f-4d50-a5d8-70e81320af23"~"string
"inode5d6cce8d-b8bf-496e-9282-421d44e2d52e™ ~"string
"Premisel14253123803870""~"~string
"inode9a335b4f-4a53-45ab-8759-780bafb78e5d™ ~string
"inode9ec69b03-5c9e-442c-98ce-24e0c411b454" ~~string
m has-start-time “20151225_09:00:07"~~string
"inodef024be7c-d7b5-4a3c-9ac8-c49fb92bd3a6™ ~ ~string
"Premisel396821173274"~"~string
"inode98be35b4-8f74-4aa0-8e58-d9474aab7al13" "~ "string

Figure 2: Screenshot of logged events in actor repository shown in Protege.

6 DISCUSSION

Our case study confirms that the detection of diagnostic rea-
soning pattern by computer assisted decision support system
is indeed possible and feasible, which gives a satisfactory an-
swer to the research question posed in the introduction of this
article. The novices and experts use the software system in a
significantly different way. Through detecting the reasoning
patterns, we can get information on how the novice users get
familiar witht he system and eventually develop themselves
towards experts. It also provides us useful feedbacks which
we can use to design the software such that it can offer a
better educational function to the users.

Interestingly, the pure forward-chain reasoning pattern the
novice has developed was commonly expected from an expert
[12, 24]. This follows the intention with the design of the
system, to guide the novice to use a reasoning pattern more
typical for experts, which is desired.

In contrast, the expert’s behavior is more likely a test
of the system, in order to see if it behaves as expected. If
the computer’s conclusion is not exactly the same as he/she
expects, he/she will go back to data capture to check if
some symptoms are missing or wrongly inputted. That would
explain why the expert does not exhibit an obvious reasoning
pattern, instead joggles back and forth between different
buttons.

In earlier studies the expert physicians saw benefits of
using DMSS in difficult cases in particular [15]. This could
also be an explanation to the expert physician’s behavior.
The physician may be exploring a difficult patient case from
different perspectives, while moving between data capture
and diagnosis.
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The limitation of the current study is that the logged data
is not complemented with qualitative methods for data cap-
ture that could identify the reasons for different observations.
Future studies will have such design, in order to gain a better
understanding of the observed patterns of use. Moreover,
studies over even longer periods of use than in this study
are needed in order to verify that changed patterns of use
towards applying diagnostic reasoning are persistent over
time.

Further studies are needed to identify more differences in
the diagnosis patterns between novices and experts, however,
our study indicates that it is practically possible to detect
these patterns by software systems such as DMSS-W, and
then use the software to educate the novices accordingly. Of
course, the detection of the individual diagnostic reasoning
has a finite error rate, but when the number of users are large
(which is a situation not easily manageable by conventional
means), the statistical correctness of the detection can be
guaranteed, contributing greatly to the following education
of the physicians. One of the advantages of using computers
is its ability of handling large amount of data. This feature
is especially suitable for the detection of reasoning patterns,
because it typically requires more data points to ensure
the statistical correctness of the theory and analysis. In the
future, more tests and applications of our DMSS-W system
in the medical sector will be performed, and a larger number
of users with longer time of using our system is expected.
More advanced algorithms can be utilized in the pattern
detection and improve the reliability and accuracy of our
pattern analysis.

Finally, continuing our work, once the clearer reasoning
patterns can be reproducibly detected, we can test and prac-
tice our DMMS-W’s educating function. As mentioned in



the introduction, apart from being an assistance for the di-
agnosis, another important functionality of our system is for
education. In many medical diagnosis and treatment fields
such as dementia, education of the doctors is vital, in order
to accumulate enough medical professionals within a short
time span. Such reasoning pattern detection and subsequent
education will be best done with computer systems, as it is
practically very difficult to deal with a large quantity of end
users by traditional means.

7 CONCLUSIONS AND FUTURE
WORK

Data was collected when physicians used the decision-support
system for dementia diagnosis DMSS-W. A case of a novice
physician using the system over a longer period of time was
analyzed and compared to the case of an expert physician.
The purpose was to identify features to use for designing
software for future automatic analysis of the development
of skills and knowledge in an individual user. A number
of features were identified, that will be targeted in data
driven analyses. Moreover, the patterns of use indicated
that learning was taking place, initially and briefly, to learn
how the system works, and after this mainly to learn about
the symptoms relating to dementia. The studied physician
reached an efficient pattern of assessment procedure after 12
completed patient cases.

The dementia application is currently being evaluated in
clinical practice. The results in this paper will be further
extended when more data has been collected.
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