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Abstract. The goal to facilitate a continuing medical education can be 
incorporated in the design of a clinical decision-support system. Developing a 
method for evaluating knowledge and skill development as part of evaluating the 
system is the aim for the research presented in this paper. The activity supported 
by the system was analyzed using Activity theory and structured into a protocol. 
Four clinicians were studied using the system for the first time, and their activity 
were assessed using the concept of Zone of Proximal Development. Initial results 
show how the system was used for clinician with different level of skills, and 
provide implications for further development of the methodology and the system. 
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Introduction 

The major purposes of clinical decision-support systems (CDSS) are disseminating 
new medical knowledge and clinical guidelines to clinical practice, supporting a 
continuing medical education, and increase quality of care by preventing errors in 
clinician’s assessments [1]. A CDSS supporting a continuing medical education should 
promote less knowledgeable clinicians in developing such skills and diagnostic 
reasoning seen in experts [2]. However, evaluation studies focusing on the knowledge 
development in users of CDSSs are sparse [3-4]. 

The purpose of the study was to investigate how clinicians with different levels of 
experience from dementia assessment, approach the task of assessing a potential 
dementia case using a decision-support system that they had not before used. A 
clinician with minor experience from dementia assessment, faces two challenges in 
such situation: i) managing the dementia assessment with the limited knowledge and 
experience that he/she has, and ii) managing efficiently a digital tool that should 
support and guide the user in the process of assessment, and not be experienced as an 
obstacle in the process of assessment. This research is an initial case study of an 
instrument applied for detecting the participant’s skills and knowledge in handling the 
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two challenges based on Activity Theory and the concept of Zone of Proximal 
Development (ZPD), defined as activities that a person can accomplish with the guide 
of a more capable peer [5-6]. We consider also whether the CDSS could function in 
practice as the more capable peer, i.e. as a guide through ZPD to achieve mastery. 

The Dementia diagnosis and Management Support System DMSS was applied in 
this study, which is based on a set of diagnostic guidelines [7]. It was shown in earlier 
studies of DMSS that limitations in knowledge about certain symptoms and how they 
relate to the diagnosis was the major reason for the user to deviate from suggestions 
made by the system [8]. Automated methods to detect proficiency in the user were also 
an aim in earlier studies, in order to adapt the support to the individual [9]. This study 
complements these, and is expected to provide a method for assessing the progress of 
skill development, which may be possible to automate in a future version of DMSS. 

1. Methods 

The diagnostic activity to be supported by the CDSS was analyzed using activity-
theoretical models of hierarchical actions and cognitive load, and the Zone of Proximal 
Development (ZPD) [5-6] (Fig. 1). This was done by adapting the AAIMA 
(Assessment of Autonomy in Internet-Mediated Activity) protocol to the activity [10]. 
For each action four levels of complexity were described, corresponding to the 
knowledge and skills required to accomplish the task. A distinction was made between 
the knowledge task relating to the main activity, in our case dementia assessment, and 
conducting the task with the system as mediating tool, in terms of Activity Theory. The 
main activity is Dementia assessment and diagnosis, the sub-actions are the following: 
Patient information management, Data capture related to dementia knowledge, Data 
capture related to using the instrument DMSS-W, Diagnosis and intervention, and 
Assessment procedure. At the operational level, complexity levels are defined that 
related to Interaction with interaction devices, GUI components and terminology. The 
adaptation of the AAIMA protocol was done in an iterative way, where the initial 
protocol was evaluated using observations of physicians. 

  
Figure 1. Screenshot of DMSS-W. 
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A user study was conducted involving four physicians during their specialist 
training in public health. Two participants assessed their expertise level as being novice 
(had assessed only few cases of dementia, A and B in Table 1), one participant assessed 
her expertise level as somewhat knowledgeable (tenths of cases, C in Table 1) and one 
assessed her expertise as knowledgeable but not expert (assessed more than 100 cases, 
D in Table 1). Each participant applied two patient cases using DMSS that they 
envisioned from their experience from clinical practice (Fig. 1) [6]. We chose to focus 
on the clinicians’ first two cases since these would reveal interaction design issues that 
may prevent the users from proceeding to becoming a skilled user of the CDSS. This is 
essential, especially in the primary care environment where the frequency that each 
physician assesses a new dementia cases is low. The sessions were video-recorded and 
three researchers assessed the participants’ levels of knowledge and skills using the 
AAIMA protocol. The feasibility of using the protocol was also assessed. 

2. Results 

The purpose of the study was to explore the adapted AAIMA protocol and ZPD as 
method for distinguishing obstacles that were due to limitations in the knowledge about 
dementia assessment, and obstacles due to interaction design of the CDSS.  

The AAIMA protocol was adjusted based on the evaluation involving three 
researchers to increase inter-rater reliability. Ambiguous meaning of the levels of 
complexity was detected and reduced by improving formulations. In addition, a 
distinction was made in a re-assessment between i) when the user was in a ZPD where 
the user could be guided by the system as the more capable peer (ZPD-S), and ii) when 
the user was in a ZPD where it was judged that further education involving more 
experienced colleagues was needed (ZPD-H) (Table 1).  

The participants were all skilled computer users, so basic operations managing 
common graphical interface objects provided no problems. The participant with most 
experience in assessing dementia was able to apply well-known patient cases to learn 
how the CDSS works, i.e., using the patient case as instrument to learn the CDSS in 
terms of Activity Theory. This was also observed in the person with some experience. 
Their skill level in using the DMSS on more advanced levels were assessed ZPD-S, 
meaning that they could on their own, develop their skills in both using the system and 
assessing dementia using the CDSS as instrument. The two novice participants who 
had experienced few familiar patient cases showed also more difficulties mastering 
DMSS and its purposes during the short time they were observed. All participants 
needed some guidance during their first patient case to find key functionalities, such as 
“what to do next” functionality, information buttons with definitions, etc.    

Preliminary results relating to the dementia knowledge and skills, show that the 
two novice users found the assessment of each symptom as a challenge, with their 
limited knowledge in the domain. They used the information related to each symptom 
to learn about each, however, they had difficulties to perceive the overall scope of 
dementia assessment and its different areas of interest. Their limited knowledge in the 
domain may also cause their less confidence in their own assessments. One of novice 
users considered her trust in this system. However, she perceived this system was 
helpful to diagnose after she knew all assessments in this system were in line with the 
major clinical guidelines. Consequently, a major purpose of a CDSS would then be to 
promote confidence in both the system and in the user’s own decision making [4]. An 
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interesting observation was that when the participants chose patient cases, they chose 
non-typical cases and borderline cases that were perceived as difficult cases.  
Table 1. The AAIMA protocol excluding the operation level for space reasons, with the assessments of the 
four participants. A means ability to conduct autonomously, ZPD means that the action/activity lies in their 
zone of proximal development. Person D is most experienced, and A and B are novices. 

 

The two participants who had more experience, but were not yet experts were able 
to assess their dementia cases using the system in the linear, checklist manner. The 
person who considered herself knowledgeable with experience from more than 100 
cases could efficiently utilize the system to evaluate her own assessment, moving back 
and forth between data capture and diagnosis functionalities. The person with some 
experience after meeting about 30 patients, could also complete assessments. However, 
with less confidence in her own assessments, she was more uncertain about also the 
suggestions provided by the system.  

Key to dementia diagnosis is to assess progression of the symptoms, and decide 
when symptoms are mild and when they have progressed into being significant, 
meaning that they affect performance in daily activities. This feature in the system 
caused breakdown situations in all of the participants, since they understood that it is a 
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key finding and that it is important to assess this. The person with most experience 
found that she had been assessing this feature differently from how the system suggests, 
based on the definition that is applied in the major clinical guideline. As a consequence, 
she will adjust how she conducts the assessment in the future. On the other hand, the 
novice user perceived this system as a helper to learn questions for patients that she 
normally could not come up with during diagnosing process. For example, the 
assessments of cognitive functions including executive functions were especially 
helpful. These observations were examples of situations of learning and skill 
development. 

3. Conclusion and Future Work 

A method for evaluating the knowledge and skill development in CDSS users was 
applied and evaluated in a case study involving four clinicians with different levels of 
expertise using the Dementia Diagnosis and Management Support System DMSS.   

An initial conclusion was that the participants with the novice level of experience 
need more substantial introduction to dementia assessment guided by a more 
experienced physician. The results suggest that DMSS has the potential to function as 
instrument for a continuing medical education in the dementia domain for clinicians 
with some experience from dementia assessment, while novices with very minor or no 
experience need to combine the use with access to medical expertise in clinical practice. 

The AAIMA protocol will be used in future studies of DMSS and adapted to other 
CDSSs, where a larger number of users will have access to the system over a longer 
period of time. The qualitative results will be compared to log files for finding use 
patterns that can be used in automated detection of skill levels and need for 
personalized support, provided either by the system or by more skilled colleagues.  
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