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Abstract

A Multidisciplinary Study on 
Brain-based Experience-knowledge 

Model for Expert’s Decision making

Young-A Ji
Healthcare Management and Informatics

The Graduate School 
Seoul National University

With social development, societies have changed to knowledge-centered 

societies requiring highly specialized knowledge, and the importance of the 

role of experts has increased. Especially, the expertise of clinical experts is 

very important since it improves the quality of medical services provided to 

patients and promotes the overall national health. Therefore, this study 

analyzed the characteristics of the decision-making process employed by 

clinical experts and confirmed experts' EEG characteristics by measuring 

their cerebral activity during clinical decision making. In other words, this 

study developed a model of experts' experiential knowledge in decision 

making in order to improve clinical experts' decision-making process. 

Experts' EEG characteristics, which influence complex clinical decision 
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making processes, were analyzed, and a brain-based learning strategy to 

improve experts' clinical decision making was proposed based on this. 

In this study, experts were defined as those who have been continuously 

working in clinical dentistry for 10 years or more and can effectively solve 

problems in clinical decision making. This study was performed in the 

following two projects in order to develop a brain-based model of experts' 

experiential knowledge: (1) The first study is a qualitative study of clinical 

decision making in a clinical scenario. (2) The second study is an analysis 

of differences in cortical activity of experts and novices through EEG.  

In the 1st study, this study was analyzed a process of clinical decision 

making in experts and novices: First, in order to investigate experts' and 

novices' basic characteristics, preliminary surveys were conducted with 

questionnaires assessing their decision making type and preference for left 

and right brains. After investigating the basic characteristics based on 

preliminary type analyses, a commonly encountered patient case was 

developed with the help of dentists, and all participants were asked to 

proceed with clinical treatment of the case, in order to confirm the 

differences in the characteristics of the experts and novices in clinical 

decision making. The differences between the two groups were analyzed 

through thematic analysis performed via video analysis and the think-aloud 

method. This study found that the experts preferred using both brains (used 

right and left brains) and made reasonable decisions. Moreover, when their 

clinical decision making processes were observed in a real-life clinical 

situation comprising three main steps, the experts started categorizing the 

patient's chief complaints through their existing knowledge while being open 
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to various possibilities at the 'identify patient's goal' stage. They also started 

collecting their information based on the evidence given by the patient, 

established possible hypotheses, and asked questions and proceeded with 

tests that were consistent with the hypotheses. However, the novices  

proceeded with questions and tests according to pre-determined protocols. 

Second, at the 'analysis of information' step, the experts established their 

hypotheses after oral examination & radiograph reading and selectively 

performed tests based on them. On the contrary, the novices proceeded with 

their clinical decision making by confirming facts according to the 

pre-learned test protocols. Third, at the diagnosis step, the experts carefully 

confirmed their diagnosis but proceeded quickly once they have made a 

diagnosis. The experts also stayed open to other possibilities at this step as 

well. In contrast, the novices rolled out one diagnosis at a time from the 

diagnosis procedure and steps they knew until they made their diagnosis. 

Therefore, 'confirmation of the patient's chief complaints', 'oral examination', 

and 'radiography reading' steps, which showed the most prominent 

differences in the experts' and novices' decision making, were set as the 

major steps of dental experts' clinical decision making. 

In the 2nd study, the three major steps established through the experiment 

conducted under an environment simulating the actual clinical environment 

were developed further into tasks to measure brain waves in the experts and 

novices. 'Confirmation of the patient's chief complaints', 'oral examination', 

and 'radiography reading' steps were developed into six tasks, and the 

experts' and novices' cortical activities were measured through a 32-channel 

EEG. The data measured during the six tasks were pre-processed to 
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statistically analyze the differences between the groups. As a result, the two 

groups did not differ in the background signals measured in a relaxed state 

with the eyes closed and during the first task (confirmation of the patient's 

chief complaints), the novices had higher activities in the left frontal lobe, 

occipital lobe, and parietal lobe than the experts at the steps where oral 

examination & radiography reading. After EEG measurement, the accuracy 

of the participants' diagnoses made to investigate their clinical  decision 

making was analyzed in order to measure the difficulty of each task. In 

task 6 (oral examination data), which was difficult and had the lowest 

accuracy of diagnoses made by the experts, the brain activities in both 

groups were higher than in other tasks; in particular, the experts' activities 

in left frontal lobe, occipital lobe, and parietal lobe were higher than those 

observed in the novices.

This study aims to link learning and the cortical functions activated during 

experts' decision making in order to present learning directions for 

brain-based clinical decision making that can be used in dentistry to train 

experts. First, clinical decision making trainings should encourage the 

students to proceed with retrospective reasoning while perceiving certain 

patient information and to stay open to other possibilities. Second, biased 

uses of brain areas should be discouraged, and various learning stimuli and 

forms should be provided to promote the use of both brains. Third, by 

developing educational models that present various patient cases and focus 

on clinical expressions, stimuli from patient experiences should be 

maximized and students should be encouraged to accumulate and combine 

such experiential knowledge. Fourth, in order to further activate the parietal 
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lobe, which is responsible for somatosensation and higher-order sensory 

processing, opportunities to experience more difficult and complex tasks 

should be provided. Fifth, in order to activate both brains, brain-based 

learning methods that can activate the left brain, which is responsible for 

logical thinking, and the right brain, which is often used for intuitive 

thinking, should be developed and applied. 

 This study was not conducted on a large number of participants due to 

methodological limitations. Future studies should develop and conduct using 

elaborate research methods and strategies. Moreover, in order to investigate 

EEG patterns or the correlation between activated brain areas, various tasks 

of identical types should be presented in future studies. This study will be 

useful as basic research that investigated steps required to train the core 

competency required for dental experts to make clinical decisions and 

suggested brain-based learning strategies to promote accurate clinical decision 

making abilities with little time and efforts. 

Keywords: Expert, Clinical Decision making, EEG of Expert and Novice, 

Expert’s Knowledge Model, Brain-based learning, Experience-knowledge 
model, Multidisciplinary study

Student Number: 2011-30691
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Chapter 1 General introduction

1.1. Background 

1.1.1 Characteristics of experts

With social developments, societies have changed to knowledge-centered 

societies that require high levels of knowledge. This change has 

subsequently increased the importance of the role of experts who lead social 

changes and developments. In general, experts are defined as those who 

consistently demonstrate exceptional abilities in a certain area [1]. Another 

study suggests that expertise requires systematic, high-intensity training of at 

least 10 years or 10,000 hours. Dale define experts as those who can 

achieve high levels of competency in problem solving [2]. Such definition 

of experts can be inferred from the definition of expertise, which is often 

variably defined based on context. Expertise allows an individual to 

efficiently collect and manipulate information and to perform better in their 

area of expertise [3]. It is also defined as the knowledge and techniques 

owned by people that show above-average performances and as task-specific 

knowledge required for one to perform tasks typical of their area of 

expertise [4, 5]. Many studies have sought to discover characteristics of 

expertise in experts; Swanson defines expertise as the optimal level that one 

can perform or is expected to perform in a particular domain of human 

behaviors [6]. Moreover, Ericsson & Lehmann suggested that expertise is a 
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cognitive, perceptual operation or physiological mechanism that allows an 

expert to continuously produce excellent results [7]. Ericsson also estimated 

that professional musicians receive more than 10,000 hours of systematic 

training [8]. In other words, their research suggests that at least 10 years of 

intense training is required to achieve expertise [9].  Moreover, experts are 

known to have superior abilities to apply their abundant knowledge base. 

Moreover, experts are known to have superior abilities to apply their 

abundant knowledge base [9, 10]. 

Regarding the reasons for interest in studies that analyze the 

characteristics of experts, Fleck suggested the following three reasons: 

increased societal demand for experts with knowledge and information; 

development of expertise serving as the core of human resources; and goals 

to develop expert competency into softwares in cognitive engineering [11]. 

Various studies have been conducted to analyze the characteristics of 

experts. In particular, Oh analyzed the research methods used by these 

studies, by dividing the methods into traditional approaches and expert 

performance approach [12]. Studies that used traditional approaches analyzed 

the characteristics of experts with excellent performance in certain areas 

[13-16]. 

In the expert performance approach, studies conduct experiments to 

objectively evaluate performance [17]. Here, the studies investigate the 

components of performance or comparatively analyze the differences between 

novices and experts to analyze the characteristics of experts. Holyak who 

analyzed expertise through these processes, defines an expert as one who 

has abilities to quickly create appropriate patterns to express and solve 
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certain problems [18]. Holyak suggests approximate characteristics of experts. 

First, experts have accurate work abilities compared to novices, and second, 

their expertise develops based on knowledge gained initially. Third, experts 

recognize word patterns associated to their tasks, and fourth, in 

problem-solving, they search forward from available information than 

searching backward from the goal. Fifth, experts are stably promoted 

through experiences. Finally, expertise is developed from teaching experts' 

rules, and expertise can be accurately predicted from these pieces of 

knowledge. As such, studies have provided representation of experts or 

shown that experts are competent in finding strategies to solve problems, in 

judging the difficulty of problems, or in recognizing errors [19, 20]. 

Many studies have also investigated the components of expertise. These 

components are often identified and suggested through comparative studies 

of experts and novices. In particular, knowledge, experience, and problem 

solving constitute the most basic components of generally accepted expertise 

[21]. Here, the most prominent characteristic of experts is that they have 

numerous experiences. However, experiences do not guarantee expertise, 

expertise is not expressed when accumulated knowledge or techniques are 

applied systematically; instead, experts make intuitive judgment and decisions 

in unpredicted events, and expertise is formed when experts reflect on a 

series of events before and after the behavior itself using the accumulated 

knowledge [22]. Moreover, experts perform typical activities at each of the 

following stages: recognizing problems, defining problems, finding solutions, 

carrying out solutions, and reflection [23]. In experts, conceptually more 

abundant and organized representations occur, allowing them to solve given 
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problems, and experts also tend to use abstract representation relying on 

in-depth knowledge. Here, knowledge representation refers to knowledge that 

externally expresses information organized within the cognitive framework 

[24]. Experts have a high knowledge structure, and based on this 

understanding, experts widen and deepen the representations while focusing 

on the fundamental principles [25]. 

Moreover, experts use progressive problem solving when they solve 

problems [26]. In problem solving, experts start from simple structures and 

gradually move on to simultaneously consider complex factors. Further, 

certain aspects of problems are treated in methods that are automated to a 

certain degree, which allows them to use their mental energy in other 

aspects. 

The expertise of experts is also known to be closely related to intuition. 

Benderly argues that intuition and expertise are different phenomena of an 

identical concept rather than being different, and Wells suggests that expert 

scientists make discoveries in intuitive, and even illogical, ways [27]. 

Furthermore, Dreyfus, who suggested the stages of development of expertise, 

argues that the fifth stage, at which one is considered to be at an expert's 

level, is governed by intuitive thinking rather than contemplation [28]. 

Therefore, meta-cognition is defined as 'cognition of cognition' or 

'thinking of thinking.' Meta-cognition, which involves planning of strategies 

required for problem-solving and confirmation and evaluation of solved 

problems, allows one to review their current level of understanding and to 

regulate their understanding when faced with difficulties [29]. Experts are 

skilled at using these meta-cognitive strategies. Meta-cognition in experts 
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allows them to flexibly organize their knowledge even in new environments 

that fall outside their scope of expertise [30]. Figure 1-1 shows the 

components of meta-cognition used by experts in learning [31].

Figure 1.1 Reflection as a linking component in expert learning

 It is important to activate meta-cognition and to approach future clinical 

experts' learning from various educational perspectives. Ji et al. also showed 

that students who learned through schema concept maps by activating 

meta-cognition and thus organizing their knowledge in problem solving were 

able to better utilize and meta-identify their knowledge [32]. Therefore, 

based on previous study findings, this study presents the following 

operational definition of experts focusing on the most prominent 

characteristics of expertise: knowledge, experience, and problem solving. In 

this study, experts are defined as those who have been continuously working 

in clinical dentistry for 10 years or more and can effectively solve problems 

in clinical decision making.



- 6 -

1.1.2. Clinical decision making

Decision making, which refers to the process in which problems are 

recognized and solutions are selected upon consideration, is also defined as 

a process in which one reaches their selection among various possible 

alternatives through complex cognitive processes [33]. Clinical decision 

making is defined as decision making for diagnosis performed in clinical 

reasoning. Here, clinical reasoning refers to cognitive processes and thinking 

used to evaluate and manage patients [34]. Clinical reasoning can be further 

studied in terms of hypothetic-deductive reasoning, pattern recognition 

reasoning, and narrative reasoning. 

Since clinical reasoning is a multidimensional process, various cognitive 

techniques are applied to process information, derive results, and determine 

actions. Clinical decision making, which is a complex process, is a clinical 

reasoning process in which relevant information obtained from patients are 

analyzed, synthesized, and interpreted. Moreover, clinical decision making is 

influenced by knowledge/cognitive abilities (data analysis and synthesis) and 

meta-cognitive abilities (self-review of consciousness and thinking processes). 

Rothstein & Echternach  suggested a hypothesis-based algorithm useful for 

clinicians. Moreover, another study on clinical reasoning of novice and 

expert physical therapists in orthopedics suggested the clinical reasoning 

model shown in Figure 1.2 [35, 36]. 
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Figure 1.2 Model of clinical reasoning in physiotherapy

Regarding clinical reasoning of expert and novice physical therapists, the 

said study suggested that novices, when compared to experts, do not always 

go through all stages. In other words, in contrast to experts who always go 

through all stages shown in Figure 1.3, novices do not always go through 

the processes [36]. 
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Figure 1.3 Differences in clinical reasoning between novices and experts

Moreover, studies that analyzed factors influencing steps of clinical 

reasoning, including the study by Barrows & Tamblyn who suggested 

clinical reasoning processes, have proposed the following major factors [37]. 

The first is recognition and interpretation of information. This includes 

information gained through intuitive observation of the patient's age, 

appearance, facial expression, motion patterns, and sitting posture. The 

second is initial conceptualization. Clinicians establish initial concepts based 

on the information collected from the first encounter with the patients. This 

includes the establishment of 'preliminary working hypotheses' which will be 

considered throughout future examination and monitoring. The third is 

collection of additional information (data). Throughout history taking and 

examination, clinicians collect additional information while taking the 

working hypotheses into account. The fourth is evolution of concepts of the 

problem. The data collection process is repeated as the clinician's perception 

of the patient's problem 'evolves' while they make the existing hypotheses 

more detailed or set up new hypotheses. In other words, clinical reasoning 
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repeats until the clinician makes a diagnosis and determines plans for 

management while examining the patient. The fifth is decision making. 

Clinical reasoning does not end with end of examination. Experts make 

various decisions regarding whether the patient can be treated, the causes of 

illness, treatment methods, and degree and level of treatment. The sixth is 

introduction of treatment. All types of treatment, including the beginning of 

treatment or recommendations required by the patient, are provided to test 

the hypotheses formed by the expert clinician. The seventh is re-evaluation. 

Here, clinicians decide whether to maintain or discard the hypotheses. 

Re-evaluation evolves the clinician's perception of the patient's problem. 

When there is no prognosis, changes, including changes in the perception of 

the problem and investigation of new treatment methods, can be 

implemented. Rothstein & Echternach suggested a hypothesis-oriented 

algorithm for clinicians (HOAC) for experts' clinical decision making in 

2003 as shown in Figure 1.4, Figure 1.5, Figure 1.6, and Figure 1.7 [35]. 

All connected processes after initial collection of clinical data can be 

identified from the figures. 
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Figure 1.4 The initial steps of Part 1 of the Hypothesis-Oriented 

Algorithm for Clinicians II (HOAC II).

 

Figure 1.5 The final steps of Part 1 of the Hypothesis-Oriented 

Algorithm for Clinicians II (HOAC II).
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Figure 1.6 The algorithm for reassessment of existing problems in Part 2 

of the Hypothesis-Oriented Algorithm for Clinicians II (HOAC II)

Figure 1.7 The algorithm for reassessment of anticipated problems in Part 

2 of the Hypothesis-Oriented Algorithm for Clinicians II (HOAC II)
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As such, it is necessary to draw algorithms of the decision making 

process used by dentists when they greet and treat patients by observing 

and analyzing the steps of decision making in experts. 

In general, the process of clinical decision making involves interconnected 

steps which allow clinicians to establish effective treatment plans that can 

respond to the needs and treatment goals of patients/clients and medical 

staff. The six steps of clinical decision making are as follows: 1) 

examination of the patient, 2) data analysis and recognition of the problem, 

3) diagnosis, 4) establishment of treatment plans and determination of 

prognosis, 5) implementation of the treatment plans, and 6) evaluation of 

treatment outcomes and re-examination of the patient. In the past 40 years, 

multiple studies have investigated clinical decision making and information 

processing strategies as well as differences in the actions of experts and 

novices. Based on these studies, knowledge confirmed through evidence, the 

way in which knowledge is organized by experience, type and form of 

decision, limits in human information processing, and social and contextual 

factors of decision have become known to influence clinical decision 

making. 

Figure 1.8 presents a summary of studies that analyzed the components 

and steps of expert decision making. In the Thinking Styles and Regret in 

Physicians study conducted by Mia Djulbegovic, factors important in clinical 

decision making were suggested as follows. Moreover, the said study 

indicated that doctors who tend to look for and use experiential data in 

clinical decision making are less likely to regret [38]. In other words, the 

study confirmed that clinicians value the use of evidence-based knowledge.
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Figure 1.8 Thinking Styles and Regret in Physicians

Coscarelli & Johnson developed a decision making inventory in an 

attempt to analyze the characteristics of decision making [39]. 

Figure 1.9 Decision Making Inventory

This inventory aims to analyze factors of decision making styles, and the 
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authors divided the styles into structural and processing styles to analyze 

their components. Table 1.1 shows the examples of survey questions formed 

based on this. 

Table 1.1 Example of Decision Making Style Inventory

Questions to ask:

1. What exactly am I deciding?
a. What are the core aspects of the problem?
b. What are the boundaries of the decision?

2. What do I need to know?
a. What information is pertinent to the situation?
b. Where can I find this information?
c. How can I make sense of it after I have it?

3. How can I finally decide?
a. Select the best alternative
b. Check my intuition – does it “feel right?
c. Talk with others
d. Think about it for a while
e. Gather more information if it is needed

4. How can I implement my decision?
a. Find our what steps are needed now
b. Determine what action steps are needed later.

1.1.3. Brain-based studies in experts

Studies that investigated experts' brains have investigated differences in the 

characteristics of brains or characteristics of brains/learning in gifted 

children. Studies that investigated brain/learning characteristics of gifted 

children suggested the triarchic theory of human intelligence consisting of 

analytical, creative, and practical intelligence and that gifted children are 

able to perform tasks accurately and efficiently in at least one of these 

domains [40, 41]. Studies that analyzed characteristics of gifted children in 

recognizing the situation and recognizing thought processes in problem 
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solving (meta-cognition) suggest the following: gifted children have abilities 

to acquire information and solve problems in a fast and accurate manner; 

they use memory and information processing strategies; they take accurate 

knowledge-based approaches; and they differ from normal people in problem 

solving abilities [42]. Moreover, studies have also suggested that gifted 

children have meta-cognitive strategies or abilities [43]. Another study 

divided their participants into more and less creative groups and measured 

their brain waves during tasks to make comparisons [44].

The brain consists of millions of neurons, and each neuron is connected 

to other neurons in various interrelationships. The interaction between these 

neurons, which can lead to learning, memory, behavior, decision making, 

and recognition, occur in synapses. Here, the information is transmitted in 

synapses through chemical substances, particularly due to the electric 

potential differences created by concentration gradients across the plasma 

membrane. Such electric potential differences cause electric signals on the 

scalp, which are measured in electroencephalography (EEG) [45].

In EEG, the summation of brain electrical signals occurring in neuron 

populations in cerebral cortex are recorded outside the body and amplified. 

The amplified signals are recorded on intact scalp with time on the x-axis 

and electric potential on the y-axis. In general, electric potentials recorded in 

EEG on intact scalp show variations ranging between 1-60 Hz in frequency 

and 5 - 300 μV (usually 20 - 100 μV). Moreover, EEG usually refers to 

scalp EEG recorded at electrodes placed on the scalp. EEG is thus a test 

that allows for objective, noninvasive, and continuous evaluation of cerebral 

function.Various methods, including functional magnetic resonance imaging 
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(fMRI), positron emission tomography (PET), magnetoencephalography 

(MEG), eye-tracking (ET), and EEG can be used for neuroimaging. fMRI 

measures oxygen saturation within the blood flow to measure changes in 

blood flow with activation of brain function, thus ultimately measuring the 

activities of cerebral nerves. This technique requires the subject to enter a 

big magnet (tube-shaped), and magnetic resonance signals formed by 

positrons in water molecules within neurons are measured in fMRI. 

Although detailed anatomical data of the brain can be obtained owing to the 

high spatial resolution, fMRI is not appropriate to study functional aspects 

of the brain. Moreover, it is very noisy within the magnet, and some 

patients suffer from claustrophobia within the magnet [46]. fMRI is also 

expensive, has a low temporal resolution, and poses limits on space for 

measurement. 

PET provides information on brain function than structure. In PET, 

radioactive glucose that emits positrons are injected into the subjects, and 

active areas have higher radioactive density. When such radioactivity is 

detected by the scanner, a computer is used to visualize the radioactivity. 

Although it is possible to visualize the distribution of radioactivity and 

estimate the location of various neuronal functions, PET is not appropriate 

for use in children [46].

MEG, which measures the signals formed by minute currents within brain 

neuronal networks, has a high spatial and temporal resolution and is useful 

in time-series analysis of brain functions and finding the sources of signals. 

ET was developed to measure eye movement from a distance and is used 

routinely for limited brain movement.
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category

(Hz)
specification

Slow Delta § Deep sleeping(dormant)

As explained above, EEG measures and amplifies the summation of brain 

electrical activities arising in neuronal populations forming the cerebral 

cortex, and the measurement is made outside the body. Compared to other 

methods, EEG is economical, of less danger for the subjects, easier to use, 

and allows for an easy measurement. Moreover, since waves are transmitted 

faster than the speed of reactions in metabolism, EEG has a high temporal 

resolution. Therefore, it is useful in observing instantaneous connections 

between activities of brain areas with distinguished speeds of change in 

overall neurophysiological activities measured in the brain. Further, it is also 

appropriate to capture neurophysiological activation in real-time concentration 

and thinking [47]. Moreover, since it does not pose limits in measurement 

space when compared to other tools, it can be conveniently used anywhere 

and can also be used in educational environments as well. Therefore, this 

study selected EEG due to its advantages, and the system developed by 

Korea's Neuronics32 was used.  

Brain waves measured through EEG are categorized as delta, theta, alpha, 

beta, and gamma waves according to frequency ranges as shown in Table 

1.2. In categorizing brain waves, the concept of dominant wave is often 

used because waves are often measured in complex interpositions rather than 

as single waves due to the parallel activities in the brain [48, 49]. 

Table 1.2 Characteristics of brain waves
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wave

(0.5~4Hz)

Theta

(4~7Hz)

§ Using information within one’s brain 
through concentration

§ Using memories, creativity, and 
concentration

§ In deep meditation

Alpha

(8~13Hz)

§ Closing one’s eyes in a state of relaxation 
and awakeness

§ In a state of mental stability

Fast 

wave

Beta

(13~30Hz)

§ Study activities receiving external 
information in a state of arousal

§ Taking action and nervousness
Gamma

(30~50Hz)

§ Being under anxiety, excitedness, and 
stress

Human brain consists of 100 billion neurons and governs human emotions, 

behavior, and thinking. The brain consists of cerebral hemispheres, cerebrum, 

and brainstem [50]. Cerebral hemispheres are the largest parts of the brain 

with numerous folding on the surface and are often referred to as the 

cerebrum. The folded surface consists of 6 layers and is 2-3 mm thick. The 

cerebrum consists of 4 lobes of frontal, temporal, occipital, and parietal 

lobes, with each lobe responsible for own functions. The frontal lobe, which 

accounts for approximately 50% of both cerebral hemispheres, is an 

operational control center responsible for attention, concentration, and 

working memory. The front-most part of the frontal lobe is called the 

prefrontal lobe. The frontal lobe accommodates for higher-order thinking, 

leads problem solving, and regulates emotions, thus serving as the rational 

and executive control center of the brain. Since most working memory is 
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stored here in humans, the frontal lobe is also responsible for concentration 

[51]. Damages or abnormalities in the frontal lobe can cause ADHD and 

can prevent one from performing complex behaviors or proceeding with 

smooth thought processes. The temporal lobes interpret sounds and languages 

and store some long-term memory and visual memory. The occipital lobe is 

mainly responsible for visual processing and is also referred to as the visual 

cortex since the visual nucleus is located within the occipital lobe When 

visual information entering through the eyes reach the visual cortex, shape, 

location, and motion are analyzed in the occipital lobe. The occipital lobe is 

a part of the visual-auditory connection, and damages to the occipital lobe 

leads to visual defects even in the absence of abnormalities in the visual 

pathway. The parietal lobes are related to concentration on stimuli, sensory 

integration, and senses of direction. Damages to the parietal lobes prevent 

one from perceiving senses of touch and pain, perceiving their own location 

in space, and manipulating objects. In other words, the parietal lobes act to 

maintain spatial attention. Therefore, the parietal lobes are activated when 

focusing on certain stimuli. The temporal lobes are responsible for 

interpretation of sounds and language, some long-term memory, and visual 

memory whereas the occipital lobe is responsible for visual processing. 

Moreover, the parietal lobes are related to concentration on stimuli, sensory 

integration, and senses of direction. Cerebellum regulates all motions and is 

important for the timing of complex motions and tasks, including learning, 

performance, and speech production. It also stores memories of simple tasks, 

such as typing and tying shoelaces. The brainstem, which is positioned deep 

in the brain, is the oldest area of the brain and is similar in structure to 
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the entire reptile brain. It monitors and regulates important physiological 

functions, such as respiration, temperature regulation, blood pressure, and 

digestion, and is also vital for sleeping, arousal, and attention.

Figure 1.10 Anatomy of Human Brain [51]

Humans use different parts of the brain preferentially in problem solving 

according to functional differentiation of the brain [53]. In other words, each 

individual prefers different brain patterns, and preferred brain patterns can be 

defined as usual thought processes that connect to consistent behavioral 

patterns in daily life. When brain waves of professional and amateur dancers 

were compared, professional dancers had higher alpha wave synchronization 

in frontal and occipital lobes during the alternative use test. When the 

subjects were asked to imagine improvised dances, professional dancers had 

higher alpha wave activation in the right hemisphere than amateur dancers 

[54]. Berkowits and Ansari reported that experts had lower activation of the 

right temporal lobe. Similarly, recognizing clinical experts' brain pattern 

preference in decision making will encourage learners to become experts by 
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analyzing the characteristics of brain use by experts and will also encourage 

accurate clinical activities [55]. 

Moreover, when compared to non-experts, experts have the ability to 

process unnecessary information without filtering and efficient neuronal 

networks [56]. Experts can also make accurate selections in given tasks due 

to their abundant experiences with the tasks [57]. A study compared experts 

and non-experts using fMRI to analyze how experts differ in performance 

and behavior and found through brain imaging that experts use task-related 

neuronal networks more efficiently than novices [58]. In addition, studies 

have also suggested that experts have higher activation of the frontal lobe, 

which is important for cognition in experts [59] and needed for prediction 

and observation of behaviors [60, 61], and that experts and non-experts have 

different neuronal mechanisms [62]. 

Studies on the asymmetry between right and left hemispheres started 

from studies to investigate functional aspects of the brain. In general, for 

left brain dominance, the left hemisphere leads decision making. According 

to Hermann, the left hemisphere is logical and analytical and performs 

realistic, detailed, and organized functions. Rather than relying on emotions 

or intuition, the left hemisphere makes decisions through logic and analysis 

[63]. Moreover, the left hemisphere recognizes time in the past, present, and 

future, reviews consistent daily behaviors, and processes information in 

order. The right hemisphere is intuitive and comprehensive and performs 

experimental functions. In other words, the right hemisphere is associated 

with divergent thinking, and decision making in right brain dominance is 

often intuitive and emotional. The right hemisphere looks at the overall 
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picture and thus processes many pieces of information simultaneously. Those 

that have strengths of left- and right-brain dominance equally distributed 

over both hemispheres are categorized as both-brained [64]. Compared to 

left- or right-brained individuals, both-brained people tend to be more 

accommodating in tasks. 

1.1.4. Brain-based learning 

With the recent introduction of Alpha-go, the artificial intelligence 

developed by Google, the domains in artificial intelligence have been shown 

to be promptly reflected in human lives. Through Watson (artificial 

intelligence computer), many tasks performed by experts are being 

programmed in artificial intelligence. Considering the current changes, 

suggestion of modeling of experiential knowledge in decision making in 

expert groups is a very important task in finding pathways of expert 

decision making and analyzing patterns of brain area use in experts, which 

are required in artificial intelligence and deep learning.

Human brain functions are applied in various areas, such as education, 

psychology, management, and sports, based on scientific research findings. 

With recent advancements made in brain imaging techniques, more specific 

study findings have been obtained. Such technological advancements are 

expected to bring about improvements in the quality of research on 

brain-based learning.

Brain-based learning is a scientific, systematic approach on human thinking 
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and learning processes. Based on scientific understanding of the brain 

cognitive functions and structure, this new approach aims to design 

appropriate teaching and learning environments in which the learner's brain 

can be efficiently utilized. Research on learning functions of the brain has 

improved greatly along with advancements in brain imaging technologies, 

and such interest in the brain is applied psychologically in learning and 

investigation of various human behaviors [65, 66].

As mentioned above, brain-based learning is a research area that studies 

effective learning methods or strategies based on brain functions. Moreover, 

it allows for scientific approaches to develop teaching methods and programs 

based on such findings. It is expected that joint research between humanities 

research in education and psychology and scientific and medical research 

will produce meaningful results.

Various studies have investigated the principles of brain-based learning; 

Tileston suggested the "10 best teaching practice" whereas Corbin et al. 

suggested the "unleasing the potential of the teenage brains" based on 

neuroscience[67, 68]. Moreover, Caine & Caine suggested 12 principles of 

brain-based learning, and Jensen provided principles of general brain-based 

learning [69, 70]. YM, Kim suggested the following brain-based 

teaching-learning principles [71]. The fundamental principles include the 

principle of interaction, the principle of combination, the principle of 

memory flexibility, and the principle of resource consumption. Typical 

components of brain-based teaching models include the establishment of an 

emotional climate, physical learning environment, designing of learning 

environment, techniques, teaching for mastery of contents and concepts, 
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expansion and application of knowledge, and evaluation of learning. 

Hardiman suggested the brain-targeted teaching model, which is shown in 

Figure 1.11 [72]. 

Figure 1.11 brain-targeted teaching model

In Bertucci's study, which was conducted as a follow-up of this model, 

students who were taught in this model had deeper understanding of the 

material and reached the learning goals more easily [73]. 

1.2. Study purpose

According to a report from the US National Institute of Medicine, 44,000 

- 98,000 individuals die each year due to errors in diagnosis [74]. 

Moreover, according to clinical cognition and errors in diagnosis, more than 

75% of diagnostic errors stem from the doctor's negligence [75, 76]. 

Cognitive processes forming the basis of clinical reasoning are complex and 

varied. If uncertainties cannot be reduced, they lead to errors in diagnosis 
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and can result in medical failure. Therefore, it is important to use 

meta-cognitive tools to scaffold the development of clinical reasoning 

techniques in medical students. Hardeep Singh and colleagues at US Baylor 

College of Medicine compared and analyzed data from patients who were 

initially diagnosed with colorectal cancer or lung cancer upon first visit and 

subsequently revisited the hospital, and found 12,000,000 cases of 

misdiagnosis each year, which accounted for 5.8% of all cases [77]. 

Moreover, David E. Newman Toker's team at Johns Hopkins University 

analyzed cases of compensation for 357,066 medical accidents that occurred 

in the US between 1986 and 2009 and suggested that 80,000 - 160,000 

patients either were injured or died each year from misdiagnosis. Studies to 

promote accurate decision making in clinical situations can contribute to 

improving people's health by lowering misdiagnosis rates and allowing 

patients to receive high-quality medical services [78]. 

In mechanisms that comprise 'learning' in neuroscience, cognitive 

functional factors, such as memory, concentration, thinking, and logical 

reasoning, as well as neurophysiological changes due to physical activities 

and recognition and regulation of emotional states due to emotional 

responses play important roles. 

Physical activities, emotion, and cognitive learning are not independent 

from one another; instead, they should be treated as a whole from aspects 

of human brain function and development in order to allow for more 

systematic, scientific analysis. Global neuroscientific studies promoting 

convergence are expected to be more active owing to the developments 

made in artificial intelligence, and studies promoting convergence in 
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neurology and neuroengineering have become active in Korea as well.

The ultimate goal of scientific technologies in the 21st century is to 

develop human technologies to improve human performance in all aspects of 

life, including physical, psychological, and social aspects (US NSF 2002 

report). The 2002 report from the US National Science Foundation defines 

that future-oriented scientific technologies in the US should promote 

converging technologies and that cognitive science technology is one of the 

4 core axes of the new future-oriented science technology termed ‘NBIC 

converging technologies’ [79]. Under the slogan ‘The Decade of Brain’, the 

US government has funded neuroscientific research since 1990.68 Japan also 

provided research funding over tens of billions of yen under ‘the Brain 

Science Project: 1997-2016’, and it is also promoting the ‘Century of Brain’ 

movement. Also at the OECD Centre for Educational Research and 

Innovation (CERI), US, UK, and Japan have been leading ‘the Learning 

Sciences and Brain Research project’ since 1999 [80, 81]. The American 

Educational Research Association has also organized the Brain, Neuroscience, 

and Education SIG and started promoting research combining neuroscience, 

cognitive science, and education. The US Society for Neuroscience (SFN) 

has started conducting studies combining neuroscience and education on 

neuro-education [82]. Moreover, by developing the Neuroscientist-Teacher 

Partner Program, SFN has established an online system linking 

neuroscientists and teachers in each state; this has provided an environment 

in which expert knowledge gained in neuroscience can be applied to real-life 

education to promote convergence of neuroscience and education [83]. 

Harvard School of Graduate Studies now provides ‘Master of Education: 
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Mind, Brain, and Education’ to provide education training combining 

cognition, neuroscience, memory, teaching and learning, and emotional 

development [84]. As such, the convergence of neuroscience and education 

will be accelerated in the 21st century and is expected to develop in a 

more systematic and efficient manner for national management and 

development of human resources.

Brain-based learning is another approach to learning that considers the 

best method for the brain to learn. In other words, it engages strategies 

based on neuroscientific principles. For experts making complex decisions, 

analyzing various organization processes of knowledge required for decision 

making allows them to analyze factors that influence professional decision 

making. Therefore, it is necessary to investigate the characteristics of the 

brain that influence such clinical decision making and to suggest brain-based 

learning principles based on the brain function and anatomy.

Expert decision making is the most important core competency that 

enables one to represent and solve problems in given real-life situations or 

knowledge representation through experiences and learning of realistic 

problem solving. In order to train novices to experts, trainings on ways to 

organize wide ranges of knowledge and experiences and to make accurate 

decisions are required. Moreover, it is necessary to analyze thought 

processes to improve the ability to organize knowledge, reason, and solve 

problems, and models of appropriate experiential knowledge should be 

provided.

Although teaching methods and education processes have been developed 



- 28 -

to train experts, not many studies have modeled knowledge representation 

for decision making in dental experts whose accurate decision making is 

important in their jobs that involve human lives. Therefore, this study was 

aimed to suggest a model of brain-based experience-knowledge in order to 

improve expert’s decision making process. In order to decrease problems in 

decision making that can exert significant influences, this study was 

developed a model of experts' experiential knowledge in decision making in 

order to improve clinical experts' decision-making process. Experts' EEG 

characteristics, which influence complex clinical decision making processes, 

were analyzed, and a brain-based learning model to improve experts' clinical 

decision making was proposed based on this. 

1.3. Study procedure

This study developed a real-life patient consultation case and analyzed 

dentists' clinical decision making processes through observation and 

consultation, and attempted to analyze, using EEG, the brain areas activated 

during decision making and thought processes in clinical decision making. 

By suggesting a real-life expert experiential knowledge model through the 

brain-based decision making model in which knowledge and experiences are 

organized, this study aims to suggest ways to improve decision making 

abilities, which are most important for clinicians. Application of such 

convergent research methodologies can be considered as analytical 

methodologies of brain-based decision making and expert thought processes 
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Category Study purpose Details and methods

Step 1

Investigation and 

analysis of data 

from previous 

studies

- Investigation of previous studies on 

expert decision making in dentists 

providing treatment to patients, 

brain-based education, and learning 

models for experts.

Analysis of factors 

of organization of 

experiential 

knowledge in 

expert decision 

making

- Development of questionnaires 

through analysis of factors from 

previous studies 

- Analysis of the processes of 

organization of knowledge in 

important decision making 

processes 

- Analysis of factors that influence 

the process in which decision 

making is organized in terms of 

knowledge and manifests as the 

and will serve to derive the characteristics of healthcare providers' clinical 

decision making from a new perspective. Moreover, this study has the 

potential to serve as a basic study on innovative, scientific methods to 

analyze expert thought processes that can be used in brain cognitive science. 

Table 1.3 demonstrates the specific study procedures.

Table 1.3 Study procedures
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actual decision, and factors that 

influence the thoughts and actions 

that express experiential 

knowledge.

Investigation of 

experts' learning 

characteristics

- Differences between experts and 

novices in learning 

- Analysis of experts' learning 

characteristics 

Step 2

Development of a 

scenario involving 

expert decision 

making

- Development of a scenarios of 

clinical decision making in which 

the first factorial analysis can be 

confirmed

Filming and 

reading of real-life 

clinical treatment 

Think-aloud 

- Experts and novices treat the same 

patients according to an identical 

clinical scenario, and all 

procedures are videotaped. 

- While watching the filmed videos, 

think-aloud interviews are 

conducted on the thoughts the 

participants had during decision 

making

Step 3

Brain scanning 

using EEG 

(functional 

imaging)

- Brain scanning using EEG in each 

step of decision making between 

experts and novices 

- Analysis of EEG of the two 

groups 
Derivation of basic - Derivation of activated brain areas 
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dimensions of 

brain-based 

learning models

and stimuli required for expert 

thinking process through brain 

scanning. 

- Analysis of major characteristics of 

clinical decision making through 

qualitative analysis and EEG 

analysis
Development of an 

experiential 

knowledge model 

for clinical 

decision making 

and suggestion of 

directions for 

brain-based 

learning

- Development of an experiential 

knowledge model for expert 

clinical decision making 

- Suggestion of strategies for 

brain-based learning to cultivate 

expert decision making according 

to experiential knowledge factors.

Ethics Statement

This study was exempted from ethical review by the Institutional Review 

Board of Seoul National University Dental Hospital. (IRB No: CRI17006)
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Chapter 2. Analysis of dentists' clinical decision 

making characteristics

2.1. Methods

In order to derive the characteristics of clinicians' decision making, this 

study utilized questionnaires to determine decision making types and 

preference for right and left brain hemispheres. Moreover, in order to 

investigate the thought processes used for decision making performed in a 

real-life clinical setting, the setting was videotaped. While reviewing the 

videos together, the participants' characteristics in thought processes for 

decision making were deduced through the think-aloud method and focus 

group analysis [85, 86].

This study used questionnaires to determine the participants' decision 

making type and preference for right and left brain hemispheres. In order to 

investigate the differences in decision making types, this study used the 

questionnaire for decision making type developed by Harren to measure 

university students' decision making types [87]. This scale consists of a total 

of 30 questions, and the following sub-scales include 10 questions each: 

rational type, intuitive type, and dependent type. The responses can be made 

on a four-point scale: strongly disagree (1), disagree (2), agree (3), and 

strongly agree (4). The reliability of each type of career decision making 

was above .6 at .795 for the rational type, .733 for the intuitive type, and 

.793 for the dependent type; therefore, the tool can be trusted. Each 
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respondent receives scores for the three types (rational, intuitive, and 

dependent types), and the total score is not calculated. The rational type 

recognizes that consecutively made decisions are related to one another and 

collects and realistically evaluates accurate information about self and 

situations. The intuitive type evaluates situations according to intuitive 

feelings and emotions without exploring information or logical evaluation. 

The dependent type denies individual responsibilities and projects the 

responsibilities to the outside, is greatly influenced by others, and is passive 

and obedient. 

Moreover, a survey to investigate preference for right and left hemispheres 

was conducted. The questionnaire asked the participants to select the most 

applicable answer to questions related to the use of left brain, right brain, 

and both brains. All results are used to understand individual thought 

processes and are not ranked. No private information is also included. 

Therefore, this study was used the brain preference indicator (BPI) test; the 

test was initially developed by Torrance, Renolds, Ball, and Riegel under 

the title Your style of Learning and Thinking (Form B) to measure the 

preference for left and right hemispheres, and Ko translated the test into 

Korean and revised it to fit the Korean culture [88, 89]. For BPI, an 

average of scores for answers for each question is calculated, and the scores 

range between 1 and 9. In terms of interpretation, the score of 5, which is 

the median between 1 and 9, is used as a standard; scores below 5 indicate 

preference for the left brain whereas scores above 5 indicate preference for 

the right brain. Moreover, if the mean is closer to 1 or 9, the brain is 

considered to be highly functionally differentiated, and scores in the middle 
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indicate that both hemispheres are equally dominant. There is no good or 

bad scores of BPI as BPI is just a tool to understand one's own thought 

processes.

Next, this study was reproduced dentists' treatment of patients in order to 

observe real-life clinical decision making performed by dentists in clinical 

settings. In order to confirm differences between novices and experts in 

clinical decision making, this study was used the think-aloud method for 

data collection and analysis in which the participants treated a patient 

according to a pre-developed clinical scenario and reviewed videos with the 

researcher while they explained their thoughts. Interviews utilizing the 

think-aloud method allow the participants to orally express their thoughts 

and thus to reveal their thought processes. This method is effective in that 

the participants can gain insights into their own thoughts and is safe without 

any risk. Both groups were asked to observe and record the thoughts 

occurring from the initial encounter with the patient and throughout 

treatment planning. Since errors in memories recalled after the situation may 

prevent one from understanding the accurate flow of thoughts, the method is 

often used to allow researchers to collect how the participants orally express 

their thoughts. Regarding introspection, which is the initial form of 

think-aloud, psychologist Wundt from the late 19th century argued that 

among the journeys in learning and thinking, only simple psychological 

processes can be measured experimentally whereas higher-order mental 

processes cannot be objectively analyzed. However, in the 20th century, the 

Wurzburg group of philosophers developed this into a new experimental 

method termed 'introspection' in associationistic theories that explain human 
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mental processes using idea and association. Initial experiments involved free 

association of words and explanation of the thought processes[85, 90-92].

However, these experiments were criticized that they were based more on 

subjective experiences rather than being objective. It is because objectivity is 

not accepted for introspection, which relies on self-reports from participants. 

Since the reports are not of observable things that can be seen and heard 

by anyone, they were criticized that they fail to show the actual mental 

processes. However, despite these criticisms, introspection became more 

detailed and developed into the think-aloud method [93]. Since factors 

outside the research can influence the results while the researcher conducts a 

retrospective interview, attempts have been made to minimize such 

possibility. In particular, the participants receive sufficient explanation of the 

think-aloud method, interviews are conducted using voice recorders in a 

private space with only the interviewer and the participant, and attempts are 

made to foster a comfortable environment as much as possible during 

retrospective interviews. 

To derive the clinicians' intended decision making processes, the focus 

group analysis method was used. Margan defines focus group as a method 

to collect data on a certain subject through group interactions [94]. In other 

words, this method aims to collect perceptions or thoughts regarding certain 

subjects. In order to supplement the think-aloud method, this study used 

focus group analysis to analyze the decision making process in experts, 

which was the focus of this study, in more detail. 

In this study, a standardized patient was recruited to reproduce clinical 

situations and developed a scenario for the patient based on her symptoms. 
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【Basic information】

§ Sex: female 

§ Age: 31 years old 

§ Family members: living with parents, has one brother 

§ Economic status: in an average status, working at a company 

§ Health status: has never had any major disease ¤ Receives teeth scaling 

once a year ¤ Although she does not suffer from any major disease, 

the patient develops rash when stressed. 

§ Personality: does not have any problem interacting with other people in 

society. Although the patient has an average personality, she tends to 

speak persistently when she believes that she is right and often tries to 

say what she wants to say. However, she also tries to remain polite 

and respectful as required by the society and listens to other people to 

make reasonable judgments. 

§ Reason for presentation: The patient has been feeling discomfort in 

upper right molar since two years ago, and food sometimes gets stuck 

Scenario for clinical decision making (standardized patient)

  This is the scenario for the patient used in the [Modeling of brain-based 

experiential knowledge for expert decision making]. This patient's case was 

standardized, and all participants participated in an experiment on their 

decision making process. 

Table 2.1 shows the decision making scenario this study was used.

Table 2.1 Decision making scenario developed in this study
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at the location after eating. With recent increases in stress from work, 

the symptoms at the site have worsened, and the patient feels throbbing 

pain. 

§ Outfit: neat ordinary clothes

§ Oral health: does not have lesions from dental caries. The patient had 

orthodontic treatment when she was in elementary school, and left 

upper and lower wisdom teeth have been removed. Although the patient 

receives teeth scaling once a year, she does not often visit the dentist 

for other reasons. Instead, she only visits for treatment whenever there 

is a problem. The patient brushes her teeth three times a day (morning, 

after lunch, and evening)

The female patient has healthy teeth and gum without any other 

noticeable disease, and the radiograph of the patient used for treatment is 

presented in Figure 2.1.

Figure 2.1 The patient's radiograph used for reproduction of clinical 

treatment 
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This study recruited a simulated patient (SP) with the disease included in 

the scenario developed by the researcher, and expert and novice dentists 

were asked to proceed with clinical treatment (Figure 2.2). The clinical 

treatment from all 20 participants was videotaped. After the treatment, the 

dentists moved immediately to the interview room, and the researcher and 

the dentists reviewed the videos together to think aloud about the procedures 

of the dentists' clinical decision making. Moreover, the participants analyzed 

the results of the treatment plan that accurately addressed the patient's 

problems. The results from the expert and novice dentists were analyzed in 

terms of whether they made an accurate diagnosis for the patient according 

to the intended scenario.

 

Figure 2.2 Clinical treatment 
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For questions for in-depth interviews, steps for dental treatment were 

developed based on the steps of clinical decision making suggested by 

Barrows & Tamblyn and Rothstein & Echtenach [35, 37]. In order to 

confirm specific steps, solo performance of dental treatment for one 

symptom was confirmed. For this, a protocol involving patients complaining 

of tooth pain was developed with a currently working dental education 

expert. Tooth pain is the most basic and typical complaint in dental 

treatment. All procedures were described and recorded to expose thought 

processes of the entire process of treating this patient, and the protocol for 

basic steps of clinical treatment for this study's think-aloud analysis was 

developed based on this Figure 2.3. 
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Figure 2.3 Solo performance of dental treatment of a patient complaining 

of tooth pain

As suggested in Figure 2.3, performance between history taking of a 

patient complaining of tooth pain, which is a common clinical expression, 

and after treatment was described with a currently working expert 

conservative dentist. Considering the steps of clinical decision making 
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suggested by Rothstein & Echtenach, a protocol for analysis of in-depth 

interviews of clinical decision making process in each group was developed 

[95]. Figure 2.4 shows the basic protocol for clinical decision making 

performed during dental treatment.

Figure 2.4 Protocol for analysis of clinical decision making in dental 

treatment 

The basic protocol for dentists' clinical decision making can be divided 

largely into six steps. The first step is identifying the patient's chief 

complaints. The second step involves tests to collect relevant information. In 

the third step, the dentist makes a diagnosis and explains the diagnosis 

based on the patient's chief complaints and test results. The fourth step 

involves establishment of required treatment plans based on the diagnosis. In 

the fifth step, the patient consents to the treatment plan, and treatment is 

carried out. In the sixth step, the patient's prognosis and treatment outcome 
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are evaluated after treatment. This study determined the core procedures of 

clinical decision making based on Part 1 of HOAC II suggested by 

Rothstein JM et al.: ① collecting initial data, ② generating patient-identified 

problems (PIPs) list, ③ formulating examination strategy, ④ conducting 

examination, analyzing data, performing additional examination for 

confirming or denying hypotheses, ⑤ adding non-patient-identified problems 

(NPIPs) to the problem list, ⑥ generating hypotheses/identifying rationale 

for preventive intervention, ⑦ refining problem list, ⑧ for each problem, 

⑨ hypothesis testing. ⑩ establishing a plan to reassess testing, ⑪ planning 

intervention strategy, and ⑫ planning tactics [94]. In other words, this study 

was analyzed the following steps as core processes of dentists' clinical 

decision making: step 1, identification of the patient's chief complaints, in 

which the problem is recognized; step 2, data analysis, which is conducted 

to make a clinical decision; and step 3, diagnosis, in which the problem is 

confirmed, hypotheses are established, and clinical reasoning is concluded. 

The interviews were qualitatively analyzed in terms of verbal and 

non-verbal expression, and the constant comparative method of the grounded 

theory was used as the theoretical framework. The descriptions were divided 

into opening and topic coding and analyzed through cross-case interview 

analysis. The results derived from the think-aloud method were analyzed 

through thematic analysis. Content analysis is a method that objectively and 

systematically confirms the characteristics of messages, and can be classified 

as quantitative and qualitative analysis. Quantitative analysis uses quantitative 

indices, such as the number of pages or sentences used to describe a certain 

message or subject. Although quantitative analysis is highly objective, it is 
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limited in that it cannot address the deeper meaning of messages. In 

contrast, qualitative analysis is useful in investigating the hidden purpose or 

intention of messages, but there is a possibility that the researcher's 

subjective views will be reflected. Holsti  suggests that content analysis is a 

method that reasons by objectively and systematically investigating the 

characteristics of messages described in detail [96]. 

Content analysis of interview data aims to investigate the process and 

major factors of clinical decision making in novice and expert groups in 

treating a patient from a real clinical case. Therefore, common themes seen 

in interviews of each group were derived, and related themes were 

combined together to investigate their characteristics. Since the method 

allows for an objective processing of responses to questions, it is a useful 

method to deduce the intention of the interviewer. In order to confirm the 

reliability of this analysis, another analyst with a master's degree in a 

related field and experiences of qualitative analysis was asked to explore the 

themes independently, and the researcher and the analyst checked each 

other's coding results twice. When forming categories and selecting themes, 

the researcher combined similar themes into one whereas themes with 

different opinions were confirmed again in an attempt to reach an 

agreement. When no consensus could be made, the themes were set as new 

independent themes. The researcher separated dental experts and novices, and 

areas and themes associated with each group's clinical decision making were 

analyzed and categorized through exploration of association.
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2.2. Results

This study selected 10 dentists with more than 10 years of clinical 

experience as the expert group and 10 fourth year dental school students as 

the novice group. By recruiting a total of 20 people and analyzing each 

group's differences in characteristics, this study aimed to investigate the 

characteristics seen in experts in their clinical decision making. The 

following is the comparison of the results of surveys in each group.

2.2.1. Results of the test of decision making type

Table 2.2 shows the results of the test of decision making type. 

Although the rational type was the dominant type for both experts and 

novices, the intuitive type was more dominant in the novice group whereas 

the dependent type was more dominant in the expert group.

Table 2.2 Analysis of decision making types in novices and 

experts

Group
Rational type Intuitive type Dependent type

M SD M SD M SD

Expert 37.10 2.92 27.10 3.66 29.00 4.80

Novice 35.90 3.57 30.30 4.62 26.70 4.94
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2.2.2. Test of brain preference

In general, the BPI scores are used to determine preference for left and 

right brains. Although BPI of 5 is often used as the standard to determine 

preference of left and right brain hemispheres, this study was used BPI 

between 4.00 and 6.00 as the standard; in other words, BPI below 4.00 

were interpreted as preference for left brain, BPI between 4.00 and 6.00 as 

preference for both brains, and BPI above 6.00 as preference for right brain. 

Table 2.3 demonstrates the results of the test of left and right brain 

preference in 10 experts and 10 novices.

Table 2.3 Comparison of the results of brain preference test in experts 

and novices

Category
Mean Standard deviation

t p
Expert Novice Expert Novice

Analysis of 
difference 

between left 
and right 

brain 
hemispheres

5.66 7.02 .764 1.057 -3.294 .004*

*p<.01

When scores were compared between the groups, the expert group tended 

to prefer both brains whereas the novice group tended to prefer the right 

brain.



- 46 -

Figure 2.5 Comparison of the results of brain preference test between 

experts and novices

The following presents decision making type seen in each brain 

preference type within expert and novice groups.

Table 2.4 Analysis of decision making type according to brain preference 

type in novices and experts

Group
Rational Style Intuitive Style

Dependent 

Style

M SD M SD M SD

Expert
(10)

Balanced
(8) 36.88 2.46 27.63 3.82 28.63 4.80

Right
(2) 38.00 5.66 25.00 2.83 30.50 6.34

Novice
(10)

Balanced
(1) 38.00 . 24.00 . 29.00 .

Right
(9) 35.67 3.70 31.00 4.30 26.44 5.18
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For experts, those with right brain preference tended to be more rational 

and dependent rather than those with balanced brain preference, and the 

intuitive type was dominant among participants with balanced brain 

preference. In contrast, for novices, participants with balanced and right 

brain preference tended to be of the rational type; however, the intuitive 

type was more common in those with right brain preference, and the 

dependent type was more common in those with balanced brain preference.

2.2.3. Clinical decision making

After reproducing a clinical treatment scenario in which a young female 

patient in her early thirties appropriate for the scenario receives treatment, 

the participants were asked to treat the patient as they would in real-life 

clinical situations and notify the researcher of the diagnosis. For the 10 

experts and 10 novices, the experiment was conducted in their own offices 

at which they usually treat patients. After the last treatment, the participants 

were asked for the diagnosis. The diagnosis given by the participants was 

analyzed as shown in Table 2.5. The 10 experts diagnosed the patient with 

problems in a wisdom tooth and established relevant treatment plans as 

intended in the scenario, and three out of 10 novices made wrong 

diagnoses, such as simple periodontitis.
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Table 2.5 Accuracy of diagnosis in clinical treatment by experts and 

novices 

(R:Right, W:Wrong)

1 2 3 4 5 6 7 8 9 10

Expert R R R R R R R R R R

Novice W R R R R R R W R W

Next, the participants and the researcher watched the videos of their 

experiment, and the participants were asked to think aloud about all decision 

making processes and their thoughts during the processes. Videos were used 

to confirm parts that could not be spontaneously recalled in this thought 

process, and in-depth interviews were conducted to find out about these 

parts. Immediately after the treatment, both experts and novices were 

encouraged to provide their thoughts according to the think-aloud method. 

The questions asked in this process were based on the protocol for clinical 

dental treatment previously developed based on the procedures of clinical 

decision making, and the interviews were conducted to allow the researcher 

to review the details in a stepwise manner. However, since the actual 

treatment, which starts in step 4, was not provided in this experiment, only 

step 1 (identify patient's goal), step 2 (analysis of information), and step 3 

(diagnosis) among the total of six steps were analyzed.

Using the basic protocol for analysis of differences between novices and 

experts in each step, the transcripts of think-aloud and in-depth interviews 

conducted for 10 novices and 10 experts were analyzed through thematic 

analysis. Table 2.6 shows the characteristics in thought processes in clinical 
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decision making in each step in experts whereas Table 2.7 shows the same 

characteristics in novices.
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Step Sub-category Category Theme

Identify 
Patient's goals

Includes questions important for formation of 
rapport with the patient

Thoughts about the relationship 
and communication with the 
patient

[Theme1]
The dentist considers 
the relationship and 
communication with 
the patient

The dentist asks questions while keeping in mind 
that the patient may have a wrong understanding 
of her pain or explain the pain wrongly The dentist simultaneously 

identifies the accurate chief 
complaint of the patient

[Theme2]
The dentist 
repeatedly identifies 
the patient's 
symptoms

The dentist identifies information that may not be 
known to the patient or may be helpful to 
understand the patient and asks additional 
questions
The dentist continues to confirm whether the 
pre-formed potential hypotheses agree with the 
patient information collected

The dentist confirms the accuracy 
of their own decision

The dentist carefully confirms before diagnosis
The dentist categorizes potential diseases upon 
listening to the symptoms

Immediately after listening to the 
chief complaints, the dentist 

[Theme3]
The dentist performs When categorizing after listening to the chief

Table 2.6 Characteristics in thought processes of clinical decision making in each step in experts
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complaints, the dentist assigns different weights to 
possibilities while having a conversation with the 
patient

recognizes the problem and 
categorizes the problem

categorization and 
backward reasoning 
for clinical decision 
making at each 
stage in testing

The dentist achieves 50 - 90% of possibility when 
confirming patient symptoms
The dentist selectively asks required questions 
within the range of related diagnoses upon 
listening to the patient's symptoms The dentist selectively asks 

questions through backward 
reasoning

After listening to the patient's information, 
backward reasoning continues, during which 
selective questioning and decision making
occur
The dentist rolls out while listening to the 
patient's information with the initial categorization 
in mind

The dentist rolls out the 
diagnosis and categorization 
while being open for other 
possibilities

[Theme4]
The dentist 
maintains an open 
mind to account for 
various possibilities 
at each stage 

The dentist selectively performs tests required for 
the patient based on the previously established 
hypothesis on the diagnosis
When listening to the patient's information related 
to the symptoms, the dentist selectively asks 
questions and continues to
establish the hypothesis in the meantime

The dentist does not ask questions according to After listening to the chief 



- 52 -

the given protocol when asking questions again to 
the patient after listening to the chief complaint complaints, the dentist makes 

decisions with various 
possibilities open

When asking questions after listening to the chief 
complaints, the dentist asks questions with the 
overall possibility open
When listening to the patient's information and 
asking questions, the dentist establishes hypotheses 
for diagnosis

After listening to the major 
complaints, the dentist thinks 
simultaneously about potential 
diagnosis and treatment plans

[Theme5]
The dentist 
s i m u l t a n e o u s l y 
p e r f o r m s 
identification of 
chief complaints, 
diagnosis, and 
decision making on 
treatment plans

For patients with commonly experienced 
symptoms, the dentist sometimes proceeds 80 - 
90% into the diagnosis upon listening to the chief 
complaints
For patients with commonly experienced 
symptoms, the dentist sometimes thinks 
comprehensively about the diagnosis and treatment 
plans upon listening to the chief complaints

Analysis of 
information

During oral examination, the dentist confirms 
whether the possible diagnosis made after 
identifying the patient's information is correct

When the oral examination 
begins, the dentist confirms the 
problem involved in the 
hypothesis established from the 
chief complaints and makes a 
diagnosis

[Theme3]
The dentist performs 
categorization and 
backward reasoning 
for clinical decision 
making at each 
stage in testing

The dentist achieves 70 - 95% of possibility 
during oral examination
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Even when the problem is found during oral 
examination, the dentist re-confirms the presence 
of any other problem

The dentist remains open to 
possibilities of other problems at 
all stages of testing

[Theme4]
The dentist 
maintains an open 
mind to account for 
various possibilities 
at each stage 

Until the radiographs are confirmed, the dentist 
reviews once again for any missed parts even 
when he/she is more than 90%
confident
After confirming the radiographs, the dentist 
remains open to possibilities such that he/she can 
start the thinking process from the beginning again 
after identifying a new problem (Backward 
reasoning)
The dentist prioritizes all possibilities and 
establishes hypotheses regarding the diagnosis at 
oral examination and radiography steps
The dentist thinks it is necessary to review 
radiographs to confirm and to be confident about 
the diagnosis

The level of confidence in the 
decision made increases after 
reading the radiographs

[Theme6]
The dentist makes 
decisions based on 
evidence

The dentist achieves more than 90% of possibility 
when checking the radiographs
The dentist uses logical intuition when making a 
definitive diagnosis from radiographs

The diagnosis and treatment 
plans are comprehensively 
determined at all stages of oral 

[Theme5]
The dentist 
s i m u l t a n e o u s l y Treatment plans are made at the moment when 
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the patient's problems are identified

examination and radiograph 
reading

p e r f o r m s 
identification of 
chief complaints, 
diagnosis, and 
decision making on 
treatment plans

The dentist makes an overall decision to find the 
patient's problem and causes for the problem at all 
stages of testing

Diagnosis

The dentist starts thinking about how to explain 
the diagnosis to the patient at the moment when 
the diagnosis is made The dentist confirms the patient's 

overall information and decides 
how to communicate with the 
patient

[Theme1]
The dentist considers 
the relationship and 
communication with 
the patient

The dentist scans the patient's information as a 
preparation for smooth communication with the 
patient
The dentist also thinks about choosing easy 
terminologies appropriate for the patient
The dentist repeatedly uses evidence in The dentist 
performs [Theme 6]
thought processes in all stages until diagnosis

The dentist performs accurate 
confirmation based on evidence 
to solve the patient's problems

[Theme6]
The dentist makes 
decisions based on 
evidence

Even when the dentist feels confident about the 
diagnosis, the dentist continues with confirmation 
to increase the accuracy
The dentist tries to talk about the patient's 
discomfort during diagnosis keeping the patient's 
chief complaints in mind
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When new patient information is made available 
after the diagnosis, the dentist starts confirming 
with broader possibilities

The dentist maintains an open 
mind even after making a 
decision

[Theme4]
The dentist 
maintains an open 
mind to account for 
various possibilities 
at each stage 

The dentist does not follow a set protocol for 
decision making
In cases of re-diagnosis, the dentist starts from the 
beginning again. However, since the decision is 
made utilizing the existing information as well, 
shorter time is required for decision making

The dentist combines existing 
information for re-diagnosis

Treatment plans are established at the moment the 
diagnosis is made

Diagnosis and treatment planning 
occur simultaneously

[Theme5]
The dentist 
s i m u l t a n e o u s l y 
p e r f o r m s 
identification of 
chief complaints, 
diagnosis, and 
decision making on 
treatment plans
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Step Sub-category Category Theme

Identify 
Patient's goals

The dentist focuses on identifying and recording 
facts

When listening to the patient's 
chief complaints, the dentist 
focuses on identifying and 
recording facts

[Theme1]
The dentist makes 
decisions according 
to the learned 
protocols

When listening to the patient's chief complaints, 
the dentist focuses on empathizing with the patient 
rather than making a decisionfacts
The dentist does not think about decision making. 
Instead, the dentist listens to fragmentary 
information about the chief complaints and focuses 
on identifying facts
After listening to the major complaints, the dentist 
establishes questions to confirm the facts before 
establishing hypotheses
The dentist asks sequential questions according to 
the protocol made based on the materials learned

The dentist asks questions and 
proceeds with treatment according 
to the protocol made based on 
the materials learned

The dentist selects additional questions based on 
the materials learned

The dentist thinks about the possibility of 
hypotheses when listening to the patient's chief 
complaints

When listening to the patient's 
chief complaints, the dentist 
temporarily thinks about 

[Theme2]
The dentist thinks 
in steps from 

Table 2.7 Characteristics in thought processes of clinical decision making in each step in novices
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The dentist does not establish hypotheses when 
listening to the patient's chief complaints and only 
judges possibilities

possibilities rather than making 
decisions in establishing 
hypotheses

testing until 
diagnosis

The dentist is not confident before oral 
examination

The dentist starts the decision making process 
after collecting the overall patient information

The dentist performs decision 
making after collecting the 
patient's information, including all 
tests

The dentist performs diagnostic tests to roll out 
2-3 possible decisions made

The dentist rolls out 2-3 possible 
decisions

The dentist depends on decisions made by other 
expert dentists

The dentist depends on decisions 
made by other expert dentists

[Theme3]
The dentist 
depends on 
decisions made by 
other expert 
dentists

Although the dentist selected a misdiagnosis as the 
definitive diagnosis (excluded the possibility that it 
could be a misdiagnosis), he/she failed to think 
flexiblya

The dentist failed to think openly 
after making the definitive 
diagnosis

[Theme4]
The dentist fails to 
think openly at the 
same time

Analysis of 
information

The dentist starts setting hypotheses with 50 - 
80% confidence at oral examination

The dentist confirms the decision 
made at oral examination with 

[Theme5]
There are 
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50 - 80% confidence

differences in 
decisions made at 
chief complaints, 
oral examination, 
and radiography 
steps

The dentist follows the learned protocols when 
analyzing the results of tests conducted during oral 
examination

The dentist conducts all tests 
according to the learned 
protocols

[Theme1]
The dentist makes 
decisions according 
to the learned 
protocols

The dentist reads radiographs according to the 
learned protocols also when interpreting the 
radiographs
The dentist proceeds with tests according to given 
protocols when making the diagnosis
When tests do not fit the hypothesis, the dentist 
starts again from the beginning
The dentist has to confirm radiographs to make 
decisions after oral examination

The dentist reads radiographs as 
a part of identifying facts for 
decision making after oral 
examination

[Theme5]
There are 
differences in 
decisions made at 
chief complaints, 
oral examination, 
and radiography 

The dentist recognizes radiography as a stage in 
identifying facts rather than confirming established 
hypotheses

After reviewing radiographs, the dentist has 70 - 
95% confidence in decision making

The dentist has 70 - 95% 
confidence in decision making
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steps
The dentist performs repeated oral examination and 
palpation to gain confidence in the test results The dentist performs repeated 

tests and review focusing on 
confirmation of facts 

[Theme1]
The dentist makes 
decisions according 
to the learned 
protocols

Decision making during tests focuses on 
identifying facts

The dentist has limited thinking during 
interpretation of test results at levels that he/she 
learned. The dentist cannot think openly 

for decision making and thinks 
in a limited manner based on 
identified facts

[Theme4]
The dentist fails to 
think openly at the 
same time

The dentist focuses on tests themselves during oral 
examination and fails to think with various 
possibilities for decision making open
Until the dentist confirms all tests and makes a 
diagnosis, the dentist fails to proceed to decision 
making

During oral examination, the dentist thinks about 
the possibility of diagnoses predicted from 
symptoms and keeps thinking about them

During oral examination, the 
dentist thinks for decision 
making to make a diagnosis

[Theme6]
During oral 
examination, the 
dentist categorizes 
to make clinical 
decisions

Diagnosis
When problems are found during tests, the dentist 
establishes treatment plans

The dentist establishes treatment 
plans if problems are identified 

[Theme2]
The dentist thinks 
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The dentist establishes treatment plans after 
making decisions during tests and diagnosis

after tests

in steps from 
testing until 
diagnosis

The dentist thinks sequentially until diagnosis

The dentist thinks sequentially 
before diagnosis

After listening to the patient's chief complaints, 
the dentist proceeds to oral examination and then 
to radiography, after which the dentist revises the 
established hypothesis
The overall thought processes of decision making 
happen sequentially in an algorithm
When problems are found during tests, the dentist 
solves problems sequentially and then establishes 
treatment plans
The dentist establishes treatment plans based on 
books or materials learned

The dentist establishes diagnosis 
and treatment plans based on the 
materials learned

[Theme1]
The dentist makes 
decisions according 
to the learned 
protocols

At the moment the diagnosis is confirmed, the 
dentist establishes treatment plans based on the 
materials learned
The dentist benefits from similar patient 
experiences in decision making
When explaining the diagnosis, the dentist focuses 
on delivering the diagnosis rather than thinking 
about other things

The dentist focuses on delivering 
the set decisions and thought

[Theme4]
The dentist fails to 
think openly at the 
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Although the dentist selected a misdiagnosis as the 
definitive diagnosis (excluded the possibility that it 
could be a misdiagnosis), he/she failed to think 
flexibly

The dentist failed to think openly 
after making the definitive 
diagnosis same time

The dentist has difficulties in being confident 
about the diagnosis even after all tests

The dentist is not confident 
about the diagnosis
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1) Expert decision making

The themes derived from the expert dentists' clinical decision making steps 

were 18 sub-categories and eight categories at the 'identify patient's goals' 

step, 11 sub-categories and four categories at the 'analysis of information' 

step, and 10 sub-categories and five categories at the 'diagnosis' step. When 

these were analyzed, a total of six broad themes were derived: consideration 

of patient relationship and communication; repeated confirmation of the 

patient's symptoms; categorization and backward reasoning for clinical 

decision making at each testing stage; maintenance of an open mind to 

various possibilities at each stage; simultaneous processing of confirmation of 

chief complaints, diagnosis, and decision making on treatment plans; and 

evidence-based decision making. The following section describes each 

theme..  

[Theme1] Consideration of patient relationship and communication

  Most experts were found to think simultaneously about decision making in 

terms of communication while they comprehensively analyzed the patient's 

information and tried to solve the patient's

problems during conversation. In other words, this study was confirmed that 

the experts made comprehensive decisions on communication as a part of 

problem solving and not only on factual information. 

“I also decide on how to change the terms I use. For example, some 
people speak sophisticated languages while others don't. And there are 
also people that I should use professional terminologies with and other 
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people that I should use very easy-to-understand words.”

“I look at people's personalities or their interests or other things from 
childhood. This is because they can be important in talking about 
future treatment directions or plans.”

“There are various treatment options, and I'll then talk to the patient to 
find out what they prefer. Here, I'm just trying to find if the patient 
wants conservative treatment based on various circumstances.”

[Theme2] Repeated confirmation of the patient's symptoms

  Rather than identifying facts only based on the information provided 

by the patient, the experts confirmed whether the patient correctly perceives 

and delivers her own problem with a critical mind. The steps to confirm 

this were performed along with decision making. Moreover, the expert 

dentists additionally confirmed to accurately learn about the level of pain 

and the patient's information.

“Here, I'm confirming again with the patient. The patient might not be 
aware of everything and may confuse upper and lower teeth. So if the 
other dentist recorded in the chart that the patient has discomfort in 
upper left, I just confirm with the patient again that the pain is on 
the left side.”

“Dentists might find that this tooth is decayed, but the patient may 
feel pain in another tooth. Because what dentists see and what patients 
feel may be different, I try to confirm that accurately.”

“Sometimes, the patient might now know what to say. So to 
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encourage the patient to talk more, I often ask questions so that the 
patient can perceive and explain their problem more accurately, even 
when I don't think the questions are very important to me. But here, 
the patient was saying that the pain has lasted since two years ago, 
so I thought of this question. Two years is quite a lot of time, so I 
needed to confirm how frequent the pain was, as in if it initially was 
bearable and then became very uncomfortable recently. So I wanted to 
confirm if it started two years ago but the patient visited me because 
it recently got very uncomfortable.”

 

[Theme3] Categorization and backward reasoning for clinical decision 
making at each testing stage

  Experts proceeded with decision making with various possibilities 

within the knowledge system formed based on their experiential knowledge 

when the patient explained her major symptoms, when tests were being 

conducted, and when the diagnosis was made. After such decision making, 

the experts proceeded with continuous backward reasoning to make decisions 

on the patient's problems.

“First, I think about what the patient is saying and list medical terms 
that can describe the patient's case in my head. So critical reasoning 
done by experts is often called backward reasoning. When given a 
story, I think about what it would be among possible scenarios based 
on X-ray. Then, I think about what to do in oral examination later.”

“When we think about this, we think about what kind of pain it is, 
for example, if it's stimulation pain... What is this called in Korean... 
Stimulation pain. Pain. So I start categorizing the type and level of 
pain inside my head.”
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“I make judgments. This table is already inside my head. When I ask 
this question, if the patient says she feels the pain, then I start 
categorizing the pain.”

“If it's related to nerves or some other symptoms and if the problem 
gets worse, the pain tends to be more frequent. So I think I was 
thinking that this would be related to these things. When the patient 
talked about swelling, I first thought of the possibility that there is a 
problem with periodontal nerves.”

“So this has to do with whether it's a problem with the teeth or the 
gum. When I asked if any particular tooth hurts, I thought it will be 
dental caries that should be removed if the patient said that this 
particular tooth hurts. More broadly, I thought the problem would be, 
for example ,in the gum. Yeah, that's how I went here.”

“Yes. So I checked this here, and found two possibilities. I continued 
down here and then went back to the gum because of the patient's 
responses and stories. Then I thought of appropriate questions to ask, 
and then changed my mind again because of the patient's responses.”

[Theme4] Maintenance of an open mind to various possibilities at each stage 

The experts confirmed accurately in the overall process while they listened 

to the patient's chief complaints, collected information, and made a 

diagnosis. With this, they also continued to have an open mind to other 

possibilities and maintained an open view to make revisions on decisions 

made based on certain information from the patient. 
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“When I hear the answers to questions like this, the weights for 
possibilities in my mind keep changing. Although I can't quantify this, 
I just list several possibilities and keep changing their weights. For 
example, this was 80% likely and that was 20% likely, and then it 
will change to 10% after one answer, then to 90% after...”

“This is not a definitive diagnosis. Although I thought it is a problem 
in the tooth at that end, I just tried to keep in mind that the tooth 
might not be the problematic one. The patient can still complain of 
discomfort in other areas, so I was trying to confirm that.”

“Umm.. I think that I can make mistakes or miss something. So if any 
other thing pops up in the middle, I don't tend to keep holding onto 
the original idea. With an open mind... I try to keep an open mind 
when the patient talks about certain areas... I think I can miss 
something, so I have to confirm this once again to be sure and I have 
to give an answer to this.”

“So this is to check that what I'm thinking is the right symptom. As I 
said before, X-ray can show what I missed before. So I think about if 
I thought of the right thing or if I missed anything.”

[Theme5] Simultaneous processing of identification of chief complaints, 

diagnosis, and decision making on treatment plans

The most significant difference between expert and novice dentists is that 

the experts simultaneously judge and make decisions in identifying chief 

complaints, making a diagnosis, and establishing treatment plans, rather than 

following a given protocol. In other words, even when listening to the 

patient's chief complaints, the experts categorize diagnoses and 
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simultaneously plan treatments.

“Now that I confirmed that the other tooth is missing, I made a 
diagnosis of wisdom tooth problem. Although there might only be a 
50% chance, I keep thinking to a certain degree about what treatments 
will be needed.”

“This patient said she's okay when she's eating cold or hot food and 
that she only feels pain when she's chewing food. Although she said 
she's okay when she's eating cold or hot food, she has a history of 
getting treated for sensitive teeth. So she may feel the pain because of 
this sensitivity, and I conducted the ice test. And this patient doesn't 
have any other history. So because she doesn't have any other history, 
I asked a general question first. Here, I often select questions after 
combining the information I have, and I think comprehensively within 
this frame.”

“I'm identifying the patient's problem and just making an overall plan 
of treatments.”

“Although we pull out wisdom teeth even after we find out... For 
example, if it involves endodontic treatment, I decide to a certain 
degree if this tooth should be pulled out, if it should be 
endodontically treated, if it will be just filled without endodontic 
treatment, or if it will be operated.”

[Theme6] Evidence-based decision making 

The experts were used to making decisions based on accurate evidence 

in all decision making processes. If evidence was not available, additional 
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tests were performed for decision making, and evidence for diagnosis were 

continuously confirmed.

“In this process, I'm thinking about basic background knowledge about 
evidence for this." "If my conclusion from this agrees with the X-ray 
findings, the conclusion will be the definitive diagnosis. But, for 
example, if I can't see any cause for the pain on X-ray, I'll have to 
repeat the process.”

“Here, I'm finding associations between what the patient said and 
X-ray findings.”

2) Novice decision making 

The themes derived from the novice dentists' clinical decision making 

steps were 13 sub-categories and seven categories at the 'identify patient's 

goals' step, 14 sub-categories and seven categories at the 'analysis of 

information' step, and 12 sub-categories and six categories at the 'diagnosis' 

step. When these were analyzed, a total of six themes were derived: 

decision making according to learned protocols; stepwise thinking between 

tests and before diagnosis; dependence on expert decisions; failure to 

maintain an open mind simultaneously; differences in decisions made at 

chief complaints, oral examination, and radiography steps; and categorization 

for clinical decision making at the oral examination step. The following 

section describes each theme.
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[Theme1] Decision making according to learned protocols

The novice dentists performed decision making according to the protocols 

learned through previous education to solve the patient's problems. They 

collected information focusing on identification of facts, and selected tests 

that should be performed to identify such information. Based on the results 

of these tests, the novice dentists made a diagnosis. As such, all procedures 

were performed according to pre-determined methods.

“When I see the patient, I have some framework to ask questions. 
When the patient is talking, I don't think about any particular thing 
and just continue to identify facts.”

“I was just writing down what the patient was saying. I didn't have 
any other thoughts. I just followed the protocol to the next steps.”

“If it's not the wisdom tooth, it has to be filled in. At the moment, I 
thought I'll have to pull this out as I learned.”

“As I learned from my professors, I thought it was the gum in the 
beginning. But then I didn't see any problem, so I decided to find 
another problem. Then I saw the wisdom tooth and thought it's 
probably because of the wisdom tooth. But there might be other 
problems although the wisdom tooth might be the problem, so I 
decided to take another look.”

  

[Theme2] Stepwise thinking between tests and before diagnosis

The novices followed a pre-determined process and organized their 

thoughts in a stepwise manner even in decision making. Although 
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comprehensive judgments were made in some cases, the novices determined 

the direction of decision making within a given frame of thought and 

proceeded with clinical decision making in a stepwise manner. In fact, when 

clues for problem solving were not found, the novices were found to go 

back in thought to the initial stages and started to organize their opinions 

again.

  

“This is a little worse than other areas. I'm just thinking as what I 
learned while assisting other dentists.”

“It's hard to test only this part... I just proceeded with the overall 
test when the patient came for the first time.”

“I learned that although the patient may say this part hurts, the 
actual problem could be here or somewhere else. So I do all tests.”

“After taking a look like this, I lifted this to look at the bottom 
based on what I learned from the textbooks.”

“I do three things. So I tap, touch the surrounding tissues, or see 
how much it shakes. Because these three should be done no matter 
what, I proceeded with the three without much additional thinking.”

“Because important questions are already determined I basically ask 
these questions.”

“Based on this, I got this diagnosis. Then, because the treatment will 
be different depending on the diagnosis, I thought about the operative 
techniques appropriate for this.”



- 71 -

[Theme3] Dependence on expert decisions 

When the novices were not confident in their own decisions, they tended 

to depend on experts' decisions to solve the problem.

“If I do not know even though I learned the concept, I might not be 
able to provide a solution. When I have difficulties, I ask the patient 
to wait a little and ask senior dentists or professors.”

“Sometimes I can't make a diagnosis even after seeing radiographs. In 
this case, I ask the professor to confirm.”

 

[Theme4] Failure to maintain an open mind simultaneously 

The novices made decisions to solve the patient's problems after 

collecting all of the available information .Even after they made a wrong 

diagnosis, the novices tended to fixate on their thoughts and explained the 

thoughts to the patient. In other words, they tended less to ask additional 

questions with other possibilities or to think openly with other evidence 

when compared to the experts.

“I tend to think after collecting all information. I don't think I change 
my opinions a lot. I usually listen to all of the story and then make 
a conclusion after that.”

“Is this not it? Or is that not it? If it isn't right, I take another look. 
If it still isn't right, I wonder if I should start from the beginning. 
Then I tend to start again from the beginning.”
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“But in periodontal problems, there aren't that many possibilities. It 
can be gingivitis or periodontitis, and I just thought it's gingivitis. I 
thought it was gingivitis and made a definitive diagnosis.”

“I didn't think much when explaining this to the patient. I was just 
explaining. Here, I just thought it would be the tooth, the wisdom 
tooth. Like this, I just thought it would be the wisdom tooth.”

“Yes, I thought it was a problem in the gum, with about 90% 
confidence.”

[Theme5] Differences in decisions made at chief complaints, oral 

examination, and radiography steps

Differences in decisions made at chief complaints, oral examination, and 

Most novice dentists tended to focus on identifying facts while they were 

listening to the patient's information. They tended to

obtain additional information during oral examination and to identify the 

problem they thought about in clinical decision making through radiographs.

“This is because I can't get additional information before seeing the 
inside of the mouth.”

“While looking at the inside of the mouth, I was thinking that the 
patient didn't have problems and had very well-aligned teeth.”

“I thought I'll have to look at radiographs for confirmation.”

“If I think about several possibilities from the chief complaints and 
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cancel out the possibilities during oral examination, I can cancel out 
more from the panoramic radiograph.”

[Theme6] Categorization for clinical decision making at oral examination

Although most novices thought about identifying facts about the patient's 

problems and organizing the surrounding environments

while listening to the patient's chief complaints, they started categorizing 

possibilities in clinical decision making during oral examination. In other 

words, their decision making processes were different from those of the 

experts, who categorized decisions based on the patient's chief complaints.

“When I did the oral examination, I thought that it was because of the 
wisdom tooth and that I'd have to look at other areas too. And then I 
thought to tell the patient.”

“After looking at the teeth alignment, I thought about alignment for a 
moment although it wasn't a possibility until then.”

When thematic analysis for each group was conducted on clinical decision 

making in expert and novice dentists, differences in decision making from 

experiential knowledge of the experts and novices were found.
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Figure 2.6 Clinical decision making in expert dentists 

The expert dentists (Figure 2.6) collect and interpret verbal and non-verbal 

information while thinking about communication from the moment they 

identify the patient's chief complaints. In step 1, they establish and 

categorize all possible hypotheses based on experiential knowledge and 

evidence at the moment they identify the patient's problem. At the same 

time, they perform backward reasoning of the hypotheses. Here, the experts 

identify facts at each step while maintaining an open mind and keeping in 

mind that the hypotheses might be different from the actual problem, unlike 

the novices. Moreover, clinical decision in identifying the chief complaints, 

diagnosis, and treatment planning is performed in a simultaneous manner 
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rather than in a stepwise manner. The expert dentists move flexibly through 

all stages whenever they collect new information. Rather than organizing 

thoughts in the last diagnosis step, the decision making proceeds while the 

dentists converge and diverge simultaneously at each moment. However, also 

in this process, the dentists make decisions closer to the definitive diagnosis 

during oral examination than during the chief complaints step and also while 

confirming radiographs than during oral examination.

Figure 2.7 Clinical decision making in novice dentists 

In contrast, the novice dentists focus on identifying facts and collecting 

information while identifying the patient's chief complaints (Figure 2.7). The 
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novice dentists tended to think in a stepwise manner from testing until 

diagnosis. Although some novice dentists established and categorized 

hypotheses based on the materials learned in classroom and their experiences 

when they identified the patient's problem in Step 1, most tended to focus 

on documenting the patient's story. Here, the novice dentists acted and 

thought according to the learned protocols and failed to think flexibly about 

other possibilities. The novice dentists tended to select and establish 

hypotheses during oral examination rather than while identifying the patient's 

chief complaints. Then, they condensed the hypotheses while confirming the 

radiographs to make decisions. Moreover, when problems arose, they tended 

to depend on other experts and to think anew rather than establishing 

another hypothesis and approaching the problem themselves.
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Chapter 3 EEG analysis during clinical decision 

making in experts and novices 

3.1. Methods

3.1.1. Development of experimental stimuli

In order to analyze the characteristics during clinical decision making in 

the brain, cortical activities were analyzed in 10 expert dentists and 10 

novice dentists. In order to derive experimental stimuli for this experiment, 

this study was studied actual clinical situations and deduced significant 

differences between the two groups in each step before conducting the EEG 

study, as shown in Chapter 2. this study was found that the experts and 

novices differed most in clinical decision making in step 1 when they were 

listening to the patient's chief complaints, in step 2 when they were 

performing oral examination, and in step 2 when they were reading 

radiographs. Therefore, these three characteristics were given as tasks to 

analyze the EEG characteristics in the groups. In order to increase the 

reliability of the test, the experimental stimuli developed were provided in 

set 1, in which the information from an identical patient was provided as 

shown in Table 3.1, and in set 2, in which the information from different 

patients was provided as in Table 3.2. For oral stimuli, a black screen was 

given, and previously recorded auditory stimuli that were consistent for all 

participants were given. The remaining four visual stimuli were given on a 
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Task 1 

Auditory 

stimulus

 “The gum around tooth #36 was swollen once. I felt 

some discomfort when something hot came in contact 

with the gum, and it once hurt quite a lot." 

 ☞ Provided in a voice

Task 2 Visual 

stimulus (oral 

examination)

Task 3 Visual 

stimulus 

(radiograph)

computer screen.

Table 3.1 Set 1: Presentation of the information from an identical patient
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Task 1 

Auditory 

stimulus

"Although the right tooth was sensitive in the beginning, 
it started hurting whenever I drank cold water. Now I 
can't even drink water."
 ☞ Provided in a voice

Task 2 Visual 

stimulus 

(radiograph)

Task 3 Visual 

stimulus (oral 

examination)

Table 3.2 Set 2: Presentation of the information from different patients
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3.1.2. Study protocol 

The next protocol was followed to measure the EEG signals while the 

participants performed the tasks. 1) Task 0: Relaxed state with closed eyes 

as background signals (1 minute). 2) Task 1: History taking (1 minute). 3) 

The participant writes about the procedures of decision making (3 minutes). 

4) After the task, the background signals are measured in a relaxed state 

with closed eyes for one minute. 5) Task 2: Oral examination is presented 

(one minute). 6) The participant writes about the procedures of decision 

making (3 minutes). 7) After the task, the background signals are measured 

in a relaxed state with closed eyes for one minute. 8) Task 3: Radiography 

(1 minute). 9) The participant writes about the procedures of decision 

making (3 minutes). 10) Task 4: History taking (1 minute). 11) The 

participant writes about the procedures of decision making (3 minutes). 12) 

After the task, the background signals are measured in a relaxed state with 

closed eyes for one minute. 13) Task 5: Radiography is presented (1 

minute) 14) The participant writes about the procedures of decision making 

(3 minutes). 15) After the task, the background signals are measured in a 

relaxed state with closed eyes for one minute. 16) Task 6: Oral examination 

(1 minute). 17) The participant writes about the procedures of decision 

making (3 minutes).

Two sets consisting of one piece of auditory information and two pieces 

of visual information are presented while EEG signals are measured from 

each participant. Set 1 involves stimuli about an identical patient whereas 

set 2 involves stimuli about different patients. Here, the expert and novice 
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dentists were asked to record, with a stopwatch, the time required for them 

to identify the task, identify the patient's problem, and make a decision, in 

order to analyze differences in the timing of diagnosis at which a decision 

was made. Figure 3.1 shows the overall experimental procedure.

Figure 3.1 EEG experimental procedure 

Upon arriving, the participant received explanation of the experiment and 

signed a written consent form for participation. For the experiment, the 

participants sat on a chair at a desk with a monitor. Since noise waves are 

recorded on EEG due to various physiological and nonphysiological factors, 

an independent space separated from the external environment was used for 

measurement. Moreover, to prevent noise waves from the participants' eye or 



- 82 -

neck movement, the participants were asked to minimize body and head 

movement. The temperature in the experimental room was also maintained at 

an appropriate level.

3.1.3. EEG analysis 

The experiment was conducted on 20 participants, and EEG signals were 

measured using Neuronics 32. According to the internationally accepted 

10-20 system of electrode placement, a total of 30 channels were attached. 

The ground and reference electrodes were placed behind both earlobes, so a 

total of 32 channels were attached. EEG electrodes were placed on a total 

of 30 electrode placement sites (FP1, FP2, F7, F3, Fz, F4, F8, FC3, FCZ, 

FC4, C3, Cz, C4, CP3, CPZ, CP4, P3, Pz, P4, FT7, FT8, T7, T8, TP7,

TP8, P7, P8, O1, O2, and Oz), and EEG signals were measured and 

recorded. Figure 3.2 shows the sites at which the electrodes were placed to 

measure EEG signals. There is a panel indicating the location of each 

electrode, and the electrodes can be divided into frontal, central, temporal, 

and occipital channels. Frontal signals are measured through 10 channels 

(FP1/FP2/F7/F3/FZ/F4/F8/FC3/FCZ/FC4), central signals through nine 

channels (C3/CZ/C4/CP3/CPZ/CP4/P3/PZ/P4), temporal signals through eight 

channels (FT7/FT8/T7/T8/TP7/TP8/P7/P8), and occipital signals through three 

channels (O1/OZ/O2).
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Figure 3.2 The location of 32 electrodes according to the 10-20 system 

of electrode placement. 

The tool used in this experiment allows the experimenter to check the 

measured EEG signals as shown in Figure 3-3. Through automatic filtering 

through neural networks, this tool offers a basic artifact control function that 

can remove artifacts (movements, noise, and eye closing) that can arise 

during measurement. However, the researcher extracted the raw data and 

performed an additional pre-processing step.
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Figure 3.3 Neuronics 32 data results 

Since EEG raw waves can include various noises (electrooculogram and 

electromyogram), it is important to process the noises. Based on the 

previously suggested visual inspection (visually inspecting to find any noise), 

extreme values (removal of outliers), abnormal trends (after confirming any 

fluctuation in the baseline, the mean is extracted to make the baseline flat), 

abnormally distributed data (after identifying any data with abnormal 

distribution within the EEG range to be calculated, noises are identified), 

and abnormal spectra (ranges with differences in the spectrum with other 

areas within the EEG range are calculated to identify noises), epoch was 

selected and noise was removed. Noise from movement was pre-processed 

on EEGlab through independent component analysis (ICA; a commonly used 

method to remove noise in signals; the method can identify abnormal noises 
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within signals). ICA performed on EEGlab, which is a software used for 

pre-processing of EEG signals, is often used to remove noise waves arising 

from ocular movement and muscular movement [97]. Through this, noise 

can be removed from EEG signals to be analysed to increase the 

signal-to-noise ratio.

This study was used Matlab and EEGlab for noise filtering and data 

analysis. Figure 3.4 shows the procedure in which the data were 

pre-processed to analyze the changes in EEG signals on the scalp by 

analyzing the differences between the two groups in terms of phase 

distribution of each frequency range (beta, alpha, theta, and delta bands) 

using EEGlab. 

Figure 3.4 Data preprocessing: continuing EEG

The pre-processed EEG signals were used to calculate changes in spectral 

power in each frequency range on Matlab and to analyze changes in 

EEGlab activity. Although EEG signals are often seen as single waveforms, 

spectrum component analysis reveals that they are often a mixture of various 
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components with different frequencies. Certain frequency components are 

known to be associated with certain brain states or cognitive tasks. The 

frequency of brain waves is often understood as an active concept in which 

groups of nerves become activated to perform certain functions. Also in this 

study, since the experts and novices differed in terms of the time required 

for diagnosis, the time domain until the diagnosis was converted into the 

frequency domain to analyze it in terms frequency for a consistent statistical 

analysis. For this, fast Fourier transformation was used to change this to 

frequency. Using Band Pass Filter by FFT, waves with frequencies above 50 

Hz were removed. This is FFT, which is often used to convert the time 

domain into the frequency domain, and the following equation is used [98]. 

Figure 3.5 Fast Fourier transformation equation 
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For each task, this study was comparatively analyzed changes in 

frequencies in the expert and novice dentists' decision making (diagnosis). 

The pre-processed data were tested for significance on IBM SPSS 

statistics(Version 22.0) for each task in independent samples t-tests and 

one-way analysis of variance (ANOVA). Using EEGlab, the distribution of 

activated cortical areas during each task for the experts and novices were 

comparatively analyzed.

3.2. Results

3.2.1. Differences between the experts and novices in the time 

required for diagnosis

Although EEG signals were measured for one minute for the six tasks in 

both the experts and the novices, the participants were asked to press the 

stopwatch when they made diagnoses after confirming the data for each 

task. The diagnoses were then organized and analyzed (Table 3.3).
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Table 3.3 The time required for the experts and novices to make a 

diagnosis on each task 

Task1 Task2 Task3 Task4 Task5 Task6

Expert

E1 19 8 33 39 48 56
E2 31 8 13 17 15 59
E3 14 11 21 14 37 16
E4 29 20 25 19 9 19
E5 16 5 2 16 8 60
E6 5 6 5 13 14 52
E7 19 12 12 18 19 41
E8 44 8 31 24 57 37
E9 16 10 14 13 15 6

E10 21 3 13 16 5 23

Novice

N1 - 40 50 - 35 5
N2 22 20 60 22 30 60
N3 26 20 9 15 10 60
N4 16 30 43 25 55 60
N5 41 25 43 52 60 54
N6 23 19 58 23 15 -
N7 10 31 22 56 25 57
N8 60 50 39 16 60 54
N9 16 11 20 25 40 60

N10 51 - 29 - - -

Table 3.4 The time required for the experts and novices to make a 

diagnosis on each task 

Task
Average SD

t p
Expert Novice Expert Novice

Task1 21.40 30.50 10.824 18.916 -1.611 .125
Task2 9.10 30.60 4.701 15.291 -4.250 .000*
Task3 16.90 37.30 10.365 16.918 -3.251 .005*
Task4 18.90 35.40 7.781 19.010 -2.540 .026*
Task5 22.70 39.00 18.093 19.120 -1.958 .066
Task6 36.90 53.00 19.824 17.049 -1.947 .067

*p<.05
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When the experts and novices were compared in terms of the time 

required for them to make a diagnosis on each task, significant differences 

were observed in task 2 (significance level: .000), task 3 (significance level: 

.005), and task 4 (significance level: .026). The mean time required for 

diagnosis on tasks 2, 3, and 4 was significantly shorter for the experts than 

for the novices. 

3.2.2. Comparison of EEG signals of the experts and novices in 

each task

The results of FFT conducted on the experts and novices' EEG signals 

measured for one background setting and for the six tasks for the actual 

time required for diagnosis were analyzed. The following presents the results 

of analysis of differences between the experts and novices in each task.

1) Task0: Comparison of background EEG signals

The EEG signals measured while the experts and novices were in a 

relaxed with their eyes closed were comparatively analyzed through 

independent samples t-tests. The tests yielded no significant difference in all 

30 channels (FP1, FP2, F7, F3, FZ, F4, F8, FC3, FCZ, FC4, FT7, FT8, T7, 

T9, TP7, TP8, P7, P8, C3, CZ, C4, CP3, CPZ, CP4, P3, PZ, P4, O1, OZ, 

and O2).



- 90 -

Channel spectra and maps component maps in 2D

Expert

Novice

Figure 3.6 Comparison of EEG signals of experts and novices for task0 
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2) Task1: Presentation of auditory information about the patient 

When the EEG responses of the experts and novices to the patient's 

chief complaint (“The gum around tooth #36 was swollen once. I felt some 

discomfort when something hot came in contact with the gum, and it once 

hurt quite a lot”) were comparatively analyzed through independent samples 

t-test, no significant difference was observed in all 30 channels (FP1, FP2, 

F7, F3, FZ, F4, F8, FC3, FCZ, FC4, FT7, FT8, T7, T9, TP7, TP8, P7, P8, 

C3, CZ, C4, CP3, CPZ, CP4, P3, PZ, P4, O1, OZ, and O2).  

Channel spectra and maps component maps in 2D

Expert

Novice

Figure 3.7 Comparison of EEG signals of the experts and novices for 

task 1
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3) Task2: Presentation of an oral photograph of the same symptom 

presented in task 1 

An oral photograph corresponding to the patient's chief complaint in task 

1 was presented to the experts and novices. The EEG signals measured 

immediately after the presentation of the oral photograph until diagnosis 

were comparatively analyzed through independent samples t-tests. The tests 

yielded significant differences in the two groups' mean EEG signals at the 

following seven out of 30 channels: F7, T7, PZ, P4, O1, OZ, and O2. The 

results are presented in Table 3.5.

Table 3.5 Comparison of EEG signals in the experts and novices 

in task 2

Channel
Average SD

t p
Expert Novice Expert Novice

F7 -23.53362 -20.80966 7.254970 7.312894 -1.870 .064*

T7 -23.91604 -21.44675 7.615136 6.970077 -1.691 .094*

PZ -23.26740 -20.66929 7.905177 7.548421 -1.681 .096*

P4 -23.52184 -20.45586 7.463371 6.750898 -2.154 .034**

O1 -20.90952 -18.16059 6.230980 5.843982 -2.275 .025**

OZ -21.90434 -19.14314 6.753509 6.011446 -2.159 .033**

O2 -23.39303 -20.77252 7.178639 7.264377 -1.814 .073*

*p<.1, **p<.05
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Channel spectra and maps component maps in 2D

Expert

Novice

Figure 3.8 Comparison of EEG signals of the experts and novices for 

task 2

When the EEG signals from experts and novices were compared, 

differences were observed in F7, T7, PZ, P4, O1, OZ, and O2. The novices 

had higher frequencies at these channels than the experts. When mapping 

data were investigated, one frontal channel (F7), two central channels (PZ 

and P4), one temporal channel (T7), and three occipital channels (O1, OZ, 

and O2) were found. In particular, the left hemisphere was more activated 
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in the frontal and temporal channels whereas the right hemisphere was more 

activated in the central channels.

4)　Task3: Presentation of a radiograph of the same symptom presented 

in tasks 1 and 2

A radiograph obtained from the patient that the novices and experts 

diagnosed in task 1 through chief complaints and in task 2 through oral 

examination was presented. The EEG signals measured immediately after the 

presentation of the radiograph until diagnosis were comparatively analyzed 

through independent samples t-tests. The tests yielded significant differences 

in the two groups' mean EEG signals at the following seven out of 30 

channels: F7, P3, PZ, P4, O1, OZ, and O2. The results are presented in 

Table 3.6.

Table 3.6 Comparison of EEG signals in the experts and novices 

in task 3

Channel
Average SD

t p
Expert Novice Expert Novice

F7 -23.12280 -20.37229 6.695528 7.301427 -1.963 .052*
P3 -22.88474 -20.15476 7.673058 7.936370 -1.749 .083*
PZ -23.05255 -20.16388 7.711937 7.708416 -1.873 .064*
P4 -23.21419 -20.04854 7.463236 6.908420 -2.201 .030**
O1 -21.62867 -18.07249 6.562295 6.107891 -2.805 .006**
OZ -22.24430 -19.03425 6.868221 6.275458 -2.440 .016**
O2 -23.13787 -20.34571 6.715064 7.279508 -1994 .049**

*p<.1, **p<.05
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Channel spectra and maps component maps in 2D

Expert

Novice

Figure 3.9 Comparison of EEG signals of the experts and novices for 

task 3 

When the EEG signals from the experts and novices were compared, 

differences were observed in F7, P3, PZ, P4, O1, OZ, and O2. The novices 

had higher frequencies at these channels than the experts. When mapping 

data were investigated, one frontal channel (F7), three central channels (P3, 

PZ, and P4), and three occipital channels (O1, OZ, and O2) were found. In 

particular, the left hemisphere was more activated in the frontal channels 
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whereas both hemispheres were activated in the central and occipital 

channels.

5）Task4: Presentation of auditory information about a new patient

When the EEG responses of the experts and novices to the patient's 

chief complaint (“Although the right tooth was sensitive in the beginning, it 

started hurting whenever I drank cold water. Now I can't even drink water”) 

were comparatively analyzed through independent samples t-tests, significant 

differences in mean EEG signal of the groups were observed in six 

channels: F7, PZ, P4, O1, OZ, and O2. The results are presented in Table 

3.7.

Table 3.7 Comparison of EEG signals in the experts and novices 

in task 4

Channel
Average SD

t p
Expert Novice Expert Novice

F7 -23.48748 -19.83621 7.574699 7.432397 -2.433 .017**

PZ -22.67731 -19.71659 8.055932 7.762481 -1.871 .064*

P4 -22.77118 -19.80546 7.586953 7.153216 -2.011 .047**

O1 -21.45547 -18.73486 6.766560 6.549497 -2.043 .044**

OZ -22.38474 -19.40930 7.088763 6.571175 -2.177 .032**

O2 -23.40421 -19.80882 7.487785 7.375349 -2.419 .017**

*p<.1, **p<.05



- 97 -

Channel spectra and maps component maps in 2D

Expert

Novice

Figure 3.10 Comparison of EEG signals of the experts and novices for 

task 4 

When the EEG signals from the experts and novices were compared, 

differences were observed in F7, PZ, P4, O1, OZ, and O2. The novices had 

higher frequencies at these channels than the experts. When mapping data 

were investigated, one frontal channel (F7), two central channels (PZ and 

P4), and three occipital channels
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(O1, OZ, and O2) were found. In particular, the left hemisphere was 

more activated in the frontal channels whereas the right hemisphere was 

more activated in the central channels. For occipital channels, both 

hemispheres were activated.

6）Task5: Presentation of an oral photograph of a new patient

The EEG signals measured immediately after the presentation of an oral 

photograph of a new patient until diagnosis were comparatively analyzed 

through independent samples t-tests. The tests yielded significant differences 

in the two groups' mean EEG signals in O1. The results are presented in 

Table 3.8.

Table 3.8 Comparison of EEG signals in the experts and novices 

in task 5

Channel
Average SD

t p
Expert Novice Expert Novice

O1 -21.45456 -19.31472 6.541528 6.342299 -1.661 .099*

*p<.1
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Channel spectra and maps component maps in 2D

Expert

Novice

Figure 3.11 Comparison of EEG signals of the experts and novices for 

task 5 

When the EEG signals from the experts and the novices were compared, 

differences were observed in O1. The novices had higher frequencies at this 

channel than the experts. When mapping data were investigated, one 

occipital channel (O1) was found to respond; here, the left hemisphere was 

more activated.
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7）Task6: Presentation of a radiograph of a new patient 

The EEG signals measured immediately after the presentation of a 

radiograph of a new patient until diagnosis were comparatively analyzed 

through independent samples t-tests. The tests yielded significant differences 

in the two groups' mean EEG signals in F7, P3, PZ, P4, O1, OZ, and O2. 

The results are presented in Table 3.9.

Table 3.9 Comparison of EEG signals in the experts and novices 

in task 6

Channel
Average SD

t p
Expert Novice Expert Novice

FP1 -15.96742 -18.94908 7.246415 8.693065 1.863 .065*

FP2 -15.14207 -19.23438 6.946271 8.890242 2.565 .012**

F4 -18.24958 -20.87364 7.014860 8.574048 1.675 .097*

P7 -19.77604 -22.63975 5.944317 7.998177 2.032 .045**

*p<.1, **p<.05
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Channel spectra and maps component maps in 2D

Expert

Novic
e

Figure 3.12 Comparison of EEG signals of the experts and novices 

for task 6

When the EEG signals from the experts and novices were compared, 

differences were observed in F7, P3, PZ, P4, O1, OZ, and O2. In contrast 

to the other five sets of data that showed higher frequencies for the 

novices, the experts had higher frequencies for task 6. When mapping data 

were investigated, one frontal channel (F7), three central channels (P3, PZ, 

and P4), and three occipital channels (O1, OZ, and O2) were found. In 
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particular, the left hemisphere was activated in the frontal channels whereas 

both hemispheres were activated in the central and occipital channels. Two 

sets of tasks were performed for measurement of EEG signals. Set 1 was 

presented in the order of auditory data, oral photograph, and radiograph of 

the same patient whereas set 2 was presented in the order of auditory data, 

oral photograph, and radiograph of three different patients for whom 

different decisions were required. When differences in tasks within sets and 

differences between groups and sets were investigated, no statistical 

significance was noted. However, this study was identified changes in the 

EEG signals activated for identical stimuli and those activated for different 

stimuli in each set in a chronological order, as shown in Figure 3.13 and 

Figure 314. And Figure 3.15 shows the differences between the experts and 

the novices at each task.
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Figure 3.13 Changes in activated EEG signals in the experts upon group 

comparison 

Figure 3.14 Changes in activated EEG signals in the novices upon group 

comparison 
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Figure 3.15 The differences between the experts and the novices at each 

task.

Overall, the novices were found to have higher brain activation. No 

difference between the groups was observed in task 0 during which the 

background signals were collected and at the auditory information stage. 

However, when data from oral examination were presented, the novices 

showed greater changes in EEG signals in the left hemisphere and the 

occipital lobe when compared to the experts. Similar patterns in changes in 
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EEG waves were observed for tasks 3 and 4, and the novices showed 

higher frequencies than the experts in O1 in task 5. However, in task 6, the 

experts' EEG signals, which were not activated until then, were now 

activated in the same pattern as that observed in the novices for task 3. 

The tasks of this experiment were suggested and selected by dental experts 

within Korea, and photographs appropriate for making a diagnosis were 

presented. Therefore, the results may be interpreted differently depending on 

the difficulty of the tasks. For each task, the participants were given time 

after EEG signal measurement to document with hands the decision making 

process used to solve the patient's problem. Figure 3.16 presents an example 

of such record. 
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Figure 3-16 An example of records of decision making process made 

after measuring EEG signals for tasks 

Based on the diagnoses provided by the experts and novices after EEG 

measurement, the difficulty of the tasks was confirmed. Therefore, in this 
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study, the difficulty of tasks was assessed by statistically analyzing the 

accuracy of diagnoses made by the experts and novices after measuring 

EEG signals during clinical decision making. Table 3.10 demonstrates the 

groups' differences.

Table 3.10 The difficulty of tasks used for EEG measurement

Task
Average SD

t p
Expert Novice Expert Novice

Task1 1.00 .90 .000 .316 1.000 .331

Task2 1.00 .80 .000 .422 1.500 .151

Task3 1.00 .70 .000 .483 1.964 .065

Task4 1.00 .10 .000 .316 9.000 .000*

Task5 .80 .20 .422 .422 3.182 .005*

Task6 .40 .00 .516 .000 2.449 .037*

*p<.05

When the groups were compared on accurate diagnosis, differences were 

observed in tasks 3, 4, 5, and 6. This would have influenced changes in the 

activation of EEG signals. For the experts, the activity of EEG signals was 

lower than that of the novices for tasks 1 - 5 whereas the activity increased 

for task 6. Since this task was more difficult than others, the brain areas 

would have been activated in the experts to proceed with decision making.
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Chapter 4 General Discussion

4.1. Discussion

This study aims to analyze the differences in clinical decision making and 

problem solving between experts and novices and to develop tasks based on 

processes with significant differences. this study was also aimed to measure 

EEG signals from the participants and to analyze the characteristics of brain 

activation in experts, in an attempt to explore brain-based knowledge models 

used by experts in clinical decision making. This study obtained the 

following conclusions.

When the participants' tendency in brain use was analyzed through BPI, 

most tended to be balanced on average whereas more than 90% of the 

novice dentists preferred the right brain. In other words, the experts tended 

to be balanced in terms of their preference of right and left hemispheres. 

Therefore, although they are logical, they also tend to make decisions 

through intuitive patterns. This shows that education and training to enable 

the use of both brains is required for people to possess thorough logics and 

intuition. The present finding also suggests that novices' preference for right 

brain should be maintained while also activating the left brain more through 

learning approaches. Moreover, when the decision making type was 

analyzed, both experts and novices were found to make rational decisions. 

However, among the experts, those with balanced brain preference had a 

higher proportion of rational decision making type than those with right 
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brain preference. In the meantime, those with right brain preference tended 

to be of the intuitive decision making type. Since individuals with right 

brain preference tend to gather various components together and focus on 

emotional aspects rather than facts, they tend to depend on others' or 

experts' decisions.

In order to identify differences in characteristics of clinical decision 

making between experts and novices, a patient case that can be easily seen 

in clinical dentistry was developed, and all participants performed clinical 

treatment of the patient case. The entire process was videotaped, and the 

participants were asked to recall their thoughts through the think-aloud 

method. The differences between the two groups were analyzed through 

thematic analysis. The clinical decision making process was developed into a 

three-step protocol, and how the participants made judgments and decisions 

for problem solving and clinical decision making at each step was 

investigated. First, at the 'identify patient's goal' stage, the experts were 

found to start categorizing various possibilities with their existing knowledge 

from the moment the patient explains the chief complaint. They also 

collected their thoughts based on the evidence given by the patient, 

established hypotheses, and proceeded with appropriate questions and tests to 

confirm the hypotheses.

However, the novices perceived the chief complaints only as factual 

information and proceeded with tests and questions according to the 

protocols they learned from education. Second, at the analysis of information 

stage, the experts are often able to establish a hypothesis with more than 

80% confidence after oral examination and selects tests to be performed. 
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However, also at this stage, the experts were found to maintain an open 

mind for other possibilities. In contrast, the novices followed the given 

testing protocol from the beginning and claimed that the results should be 

continuously confirmed. The level of confidence in the diagnosis after seeing 

radiographs differed between the experts and the novices. Instead of finding 

the facts identified during oral examination in radiographs and interpreting 

them, the novices perceived them as new information at the same level as 

another patient's information. Third, at the diagnosis step, the experts 

carefully confirm the results until diagnosis but proceed quickly after the 

diagnosis. Also in this step, the experts remain open to the 10% of other 

rarer possibilities. On the contrary, the novices continue to roll out one 

diagnosis by one from the diagnosis procedures and steps they know until 

they make a diagnosis. As with Wainwright, who suggested that expert 

clinical decision making is based on wide, organized knowledge, this study 

was also confirmed that clinical problem solving in experts proceeds based 

on evidence under a wide range of thinking [99]. However, in contrast to 

the report that most experts make clinical decisions based on forward 

reasoning, this study was observed backward reasoning. The experts still 

differed from the novices in that they use wide, organized knowledge to 

make decisions. The experts and novices showed differences in their 

decision making in the clinical treatment experiment in history taking, oral 

examination, and radiography reading stages, so these were selected as the 

basic frames for tasks in ERP to analyze the differences in brain activation 

between the experts and novices. When differences in cortical activation 

during clinical decision making were compared between the expert and 
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novice dentists, this study was observed different types of differences. When 

EEG signals were measured in a relaxed state with closed eyes, there was 

no difference observed between the groups. This background finding serves 

to prove that cortical activation during the six tasks are changes in brain 

wave activation seen during clinical decision making. When the information 

from an identical patient was continuously presented, no difference in 

cortical activation was observed during the history taking stage. However, 

during the oral examination and radiography reading stages, the novices had 

significantly higher activation in certain areas when compared to the experts. 

In particular, the occipital channels, which identify visual information, had 

high activation during the two stages. 

During oral examination, activities were observed in left frontal, left 

temporal, and right central channels. While reading radiography, activities 

were higher in left frontal and central channels. Next, when the information 

from different patients were presented in three frames, significant differences 

were observed in left frontal and right central channels upon presentation of 

a new patient's auditory information. When a new patient's radiography was 

presented, a significant difference was observed only in the left occipital 

channel. However, when oral examination was presented, the expert group 

had a higher level of activation in EEG signals. In particular, we confirmed 

that the activities were higher in left frontal, central, and occipital channels. 

Moreover, the novices had higher activation in the left frontal and right 

central channels while the experts had similar activation in the left frontal 

channel and balanced activation of left and right central channels. The 

frontal area was highly active in both groups, similar to the findings of 
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Hudsith that the frontal lobe is activated during thinking. We also confirmed 

the results of Shallice who suggested that experts have activation in the 

middle frontal lobe, those of Nichelli et al. who suggested that the 

prefrontal and parietal lobes are important in experts when compared to 

novices [100-102] . Moreover, our results supported other previous studies 

that performed EEG analysis in chess experts and found that the activation 

of right frontal, occipital, and parietal lobes is more prominent compared to 

the left hemisphere [103-106]. Although this study did not observe any 

difference in prefrontal or middle frontal lobes, this study was observed 

activation of both hemispheres in the parietal lobe, which integrates and 

perceives various senses and information to make orders for accurate, 

appropriate actions. This suggests that experts use these areas more to solve 

questions in clinical decision making. Gevins, Smith et al. studied how brain 

waves differ depending on practice and the difficulty of tasks and found 

that the thalamus is activated when focus and mental efforts are required 

[107]. This study also found that the activation of EEG signals in the 

experts was relatively higher when compared to the novices in task 6, 

which had the highest difficulty for the experts, indicating that the experts 

also had different cortical activation based on the difficulty of tasks. As 

suggested by Duncun, Seitz, Kolodny et al. and Chen et al., both 

hemispheres were activated when performing higher-order cognitive functions 

although the activities differed depending on the tasks being performed [108, 

109]. Jung also suggested that signal strengths decrease in experts' frontal 

and parietal lobes when they are skilled in the task's content and type, and 

Hanslinger et al. reported that the size of brain areas required to perform 
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tasks decreases in experts[110, 111]. Also in this study, the overall brain 

activities were lower in the experts than in the novices except in the highly 

difficult task 6, supporting previous findings that brain activity can differ 

based on skills and experience and that experts, in contrast to novices, can 

filter out unnecessary information and efficiently use neurological networks 

associated with tasks.   

Moreover, non-experts have activation in the fusiform gyrus and temporal 

areas, which are responsible for memory storage and are known to be 

activated when individuals do or do not recognize minute differences in 

certain scenes [112]. This study also found that the novices who used the 

left temporal lobe for oral examination had difficulties in recognizing and 

thinking about the problem within the limited amount of time, which would 

have led to activation of the area. 

However, Lotze, Scheler et al. claimed that the right hemisphere is often 

activated in novices whereas the left hemisphere is activated in experts. In 

contrast to their findings, this study was found that the experts used their 

brains in a balanced manner rather than preferring the left brain. As 

suggested in Lotze's study, experts selectively use synapses in an efficient 

manner, so they do not seem to maintain any consistent pattern [113].

Maclean suggested the tribune brain theory and developed a model of 

brain-based teaching of subjects, and studies have investigated its effects 

[114]. This study could also associate the function of cortical areas activated 

during experts' decision making with teaching and learning. Here, this study 

is suggested learning directions for brain-based clinical decision making that 

can be approached to raise experts in dentistry based on brain use. First, a 
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clinical decision making training should be provided in which the dentist 

can perform backward reasoning and maintain an open mind to other 

possibilities while recognizing certain information of the patient. Second, 

Sousa reported that students with different sensory preference react 

differently to identical stimuli [115]. Trainings should discourage the use of 

certain brain areas and rather present various learning stimuli and learning 

formats to enable the use of both brains. Third, by developing education 

models that present various patient cases and focus on clinical expressions, 

stimuli from patient experiences should be maximized and dentists should be 

encouraged to accumulate and integrate experiential knowledge. Fourth, in 

order to further activate the parietal lobe, which is responsible for 

somatosensation and higher-order sensory processing, opportunities to 

experience more multidimensional tasks than the currently performed tasks 

should be provided. Fifth, to activate both brains, instructional methods that 

can equally activate the left brain focusing on logical thinking and the right 

brain focusing on intuitive thinking should be developed and applied.
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4.2. Limitations

This study analyzed differences between experts and novices in problem 

solving and EEG signals during clinical decision making and explored a 

model of clinical decision making based on brain-based knowledge used by 

experts in clinical decision making. However, the following are limitations 

of this study found based on the results and conclusions. 

First, due to limits in methodology, this study could not be conducted on 

a large number of participants. In order to generalize the differences in 

clinical decision making between experts and novices found in this study, 

bigger samples should be used, and studies should continue with participants 

of various backgrounds.

Second, although this study explored the directions for models of clinical 

decision making in experts and for brain-based learning to cultivate 

expertise, it could not suggest or analyze the results of the principles of 

brain-based learning to improve clinical decision making capabilities based 

on the findings. Future studies should develop learning strategies to develop 

novices' clinical competency based on actual study findings and test their 

effects. 

Third, this study developed and presented certain patient stimuli to experts 

and novices and discussed the results of analysis of brain activation seen 

with each stimulus. However, since various additional information may be 

present in real-life clinical situations, more various and strict experiments 

should be performed. Studies to investigate various aspects influencing 

decision making in real-life environments rather than differences in responses 
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to certain stimuli should be conducted. Moreover, in addition to analyzing 

experts' and novices' EEG characteristics in clinical decision making, future 

studies should analyze EEG characteristics in various problem-solving 

situations. Further, in order to investigate EEG patterns or the correlation 

between activated brain areas, various tasks of identical types should be 

presented in future studies.  
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4.3. Conclusion

 

This study confirmed the characteristics of experts and novices in clinical 

decision making through quantitative analysis of a clinical treatment situation 

and through EEG analysis to investigate cortical activation during clinical 

decision making. Based on the findings, this study developed and suggested 

a model of decision making process in expert and novice dentists, and 

suggested the basic directions for brain-based learning needed to raise 

experts based on brain activity. This model is expected to serve as findings 

of basic brain-based research that investigated steps and factors to improve 

core competency required for dentists' clinical decision making and suggested 

ways to improve accurate clinical decision making capabilities with little 

time and effort.
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국문초록

전문가 의사결정을 위한 뇌 기반

경험지식 모델링 연구

서울대학교 대학원

치의과학과 의료경영과정보학

지영아

사회의 발전에 따라 고도의 지식을 요구하는 지식 중심의 사회로 변화

해 나가면서 전문가의 역할에 대한 중요성은 점점 증대되고 있다. 그 중

임상전문가의 전문성은 환자들의 의료서비스의 질을 향상시키고 국민의

건강을 증진시킬 수 있게 해주기 때문에 매우 중요한 사안이라고 할 수

있다. 따라서 본 연구의 목적은 임상 전문가의 의사결정과정의 특성을

분석하고, 임상의사결정과정의 대뇌피질의 활성도를 측정하여 전문가들

의 뇌파특성을 확인하여, 향후 임상 전문가들의 의사결정과정을 향상시

키기 위한 전문가 의사결정 경험지식 모델을 개발하는 것이다. 또한 복

잡한 임상의사결정에 영향을 주는 전문가의 뇌파 특성을 분석하고 이를

근거로 전문가 임상의사결정을 향상시키기 위한 뇌기반 학습전략을 제시

하고자 하였다.

본 연구에서 전문가는 치과 진료 영역의 실행에서 임상진료를 10년 이
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상 지속적으로 수행하여 임상의사결정에서 효율적으로 문제해결을 할 수

있는 대상으로 정의하였다. 본 연구는 전문가 뇌기반 경험지식 모델을

개발하기 위하여 다음과 같이 1) 임상진료과정에서의 임상의사결정에 대

한 질적 연구와 2) EEG를 통해 전문가와 초보자의 대뇌 활성도의 차이

를 분석하는 두 단계로 수행되었다.

첫 번째 연구단계인 임상진료 과정에서의 임상의사결정에 대한 질적

연구에서는 우선 전문가와 초보자의 기본적 특성을 파악하기 위하여 의

사결정유형, 좌·우뇌 선호도 검사지로 사전 설문을 진행하였다. 사전적

유형분석을 토대로 그 특성을 기본적으로 파악한 뒤 전문가와 초보자가

임상의사결정과정에서 어떤 특성 차이가 나타나는지를 확인하기 위하여

치과의료 환경에서 접할 수 있는 환자사례를 개발하고 모든 실험대상자

들에게 임상진료를 진행하게 하였다. 그 과정에 대한 비디오 판독과 소

리내어 생각하기(think-aloud) 기법을 통해 두 집단이 어떤 차이가 나타

나는지를 주제 분석법(theme analysis)를 통해 차이점을 분석해 보았다.

본 연구를 통해 전문가의 기본특성을 분석한 결과, 전문가는 좌뇌와 우

뇌 모두 사용하는 양뇌선호형으로 나타났으며, 합리적 의사결정을 하는

유형임을 확인할 수 있다. 또한 실제 진료 상황에서 임상의사결정 과정

을 살펴본 결과 크게 세 단계 중 첫째, 환자목적 확인하기(Identify

patient’s goal) 단계에서 전문가는 기존에 알고 있던 지식을 통해 범주

화를 시작해 나가며, 환자가 준 단서를 토대로 수렴된 사고를 진행하고

가설 수립 및 그에 해당하는 합당한 질문과 검사절차를 진행하였다. 그

러나 초보자들의 경우 정해진 프로토콜에 따른 질문과 검사를 이어나가

는 것을 확인할 수 있었다. 둘째, 정보분석(Analysis of information) 단

계에서 전문가의 경우 시진과 방사선 판독 과정에서 가설을 설정하였으

며 이를 토대로 선택적 검사를 진행한 것을 확인할 수 있다. 반면 초보
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자들의 경우 기본적으로 정해진 검사 프로토콜을 따라 계속적인 사실 확

인으로 임상의사결정을 진행하였다. 셋째, 진단(Diagnosis) 과정에서는

진단까지 신중하게 확인절차가 이루어지지만 진단이 이루어진 뒤에는 빠

른 진행이 가능하며, 이 과정에서도 전문가는 다른 가능성을 열어두고

진단을 내리는 반면, 초보자들의 경우에는 진단과정과 절차에서 하나씩

룰아웃(roll-out)해 나가는 과정을 진행하는 것을 확인할 수 있었다. 따라

서 본 연구를 통해 전문가와 초보자의 의사결정 과정 모델을 개발하고

그 과정에서 가장 두드러진 차이를 보이는 [환자주소 확인단계] – [시

진단계] – [방사선영상 판독단계]를 치의학 전문가들이 임상의사결정을

진행하는 과정의 주요 단계로 설정하였다.

두 번째 연구단계에서는 앞서 임상진료 환경에서 실험을 진행하여 설

정된 3개의 주요 단계를 전문가와 초보자의 뇌파측정을 위한 대표 단계

로 설정하고 그 차이점을 분석할 수 있도록 제시 과제들을 개발하였다.

전체 6개의 과제들을 제시하여 전문가와 초보자의 대뇌 피질 활성도를

32채널 EEG로 측정하였다. 그리고 측정된 데이터에 대한 전처리 작업을

진행하여 통계적으로 집단 간 차이를 비교 분석하였다. 그 결과 눈감고

안정 상태로 측정한 배경뇌파와 첫 번째 과제1(Task1)인 환자주소 확인

단계에서는 두 집단 간 차이가 나타나지 않았으나, 시진자료 확인 및 방

사선 판독 단계에서는 초보자의 뇌파에서 좌전두엽, 후두엽, 두정엽 부분

에서 뇌 활성 정도가 전문가보다 높게 나타난 것을 확인할 수 있었다.

반면, 전문가 집단의 경우 난이도가 높은 과제6(시진자료)에서는 좌전두

엽, 후두엽, 두정엽에서 전문가의 뇌활성도가 초보자보다 높은 것을 확인

할 수 있었다.

따라서 본 연구에서는 전문가의 의사결정 시 활성화 된 대뇌의 기능을

교수학습과 관련지어, 치의학 분야에서 전문가 양성을 위하여 접근할 수
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있는 뇌기반 임상의사결정을 위한 학습전략을 제시하고자 한다. 첫째, 환

자의 특정 정보를 인식하는 과정에서 후향적 추론을 진행하면서 열린 사

고를 통한 다른 가능성에 대한 임상의사결정 훈련을 진행해야 한다. 둘

째, 특정 영역에 편차된 뇌의 사용을 지양하고 양뇌 사용이 가능하도록

다양한 학습자극을 제시하고 학습양식을 활용하도록 한다. 셋째, 다양한

환자의 사례를 제시하고 임상표현을 중심으로 한 교육모델을 개발하여

환자경험 자극을 확대하고 이런 경험지식이 누적되고 통합해 나갈 수 있

도록 한다. 넷째, 두정엽 부분을 보다 활성화시키기 위하여 현재 수행하

는 과제보다 더 고차원적인 과제수행의 경험을 위한 기회를 제공해주도

록 한다. 다섯째, 논리적 사고를 중심으로 한 좌뇌영역과 직관적 사고를

중심으로 한 우뇌 영역을 고루 활성화 할 수 있는 뇌기반 교수 학습 방

법을 개발하여 적용할 필요가 있다.

그러나 본 연구는 방법적인 특성에 따른 한계로 인하여 다수의 피험자

를 대상으로 진행하지 못한 연구의 제한점이 있으며, 향후 개선된 연구

방법을 적용한 후속 연구가 이루어질 필요가 있다. 본 모델은 향후 치과

전문가의 임상의사결정에 필요한 핵심역량을 성장시켜 나가기 위한 단계

적 요소들을 파악하고 적은 시간과 노력으로 정확한 임상의사결정능력을

향상시켜 나가기 위한 뇌기반 학습전략을 제시하는 기초연구로써 활용될

수 있을 것으로 기대한다.
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