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SYSTEM AND METHOD FOR DIAGNOSING MENTAL DISORDER AND 

PREDICTING TREATMENT RESPONSE ON BASIS OF PSYCHIATRIC 

EXAMINATION DATA USING EYE TRACKING 

 

TECHNICAL FIELD 5 

[1] The following description relates to a technology for diagnosing mental disorders and 

predicting treatment responses on the basis of psychiatric examination data using eye-tracking 

technology. 

 

BACKGROUND ART 10 

[2] The number of people who experience brain disorders, especially mental disorders 

expressed by abnormalities in the brain, is gradually increasing. According to the “Mental Illness 

Survey” conducted by the Ministry of Health and Welfare, as of 2016, out of 5,102 adults aged 18 

and over nationwide surveyed, the percentage of people who had suffered from one or more of 

the 17 major mental illnesses was 25.4%, and the percentage of people who had experienced 15 

mental health problems in the past year was 11.9%. 

[3] As described above, brain disorders not only seriously interfere with a patient’s social 

life, but also cause serious problems such as suicide when they progress untreated for a long time, 

and thus need to be managed both personally and socially. However, the number of patients, who 

do not visit medical institutions because they do not know whether they are suffering from a brain 20 

disorder or do not recognize the seriousness of the brain disorder even when they do recognize 

that they are suffering from the brain disorder, is greater than the number of patients who visit 

medical institutions and are treated. 

[4] As an example, an attention deficit and hyperactivity disorder, which is a condition more 

commonly known as ADHD, is one of the mental disorders that mainly manifests in childhood. 25 

ADHD symptoms are characterized by a persistent lack of attention, leading to distractibility, 

hyperactivity, and impulsivity, and left untreated, these symptoms may result in difficulties that 

persist across various behaviors throughout childhood and, in some cases, into adolescence and 

adulthood. There are cases in which medications have been developed and even patented for 

children with ADHD symptoms, but the reality is that a complete cure is impossible with the 30 
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prescription of therapeutic drugs alone, and a certain amount of ongoing practice and training is 

required. 

[5] When ADHD symptoms are suspected or concerned, these ADHD symptoms need to be 

diagnosed, but it is insufficient to just observe certain behaviors in a doctor’s office. Accordingly, 

there is a need for a technology for diagnosing ADHD and predicting treatment responses through 5 

a comprehensive attention test including a (visual) simple selective attention test, a (auditory) 

simple selective attention test, an inhibition-sustained attention test, an interference-selective 

attention test, a divided attention test, and a working memory test. 

 

DESCRIPTION OF EMBODIMENTS 10 

TECHNICAL PROBLEM 

[6] The present disclosure is directed to providing a method and system for diagnosing 

mental disorders based on a diagnosis made by a specialist utilizing psychiatric test results 

including user attention information generated using eye tracking. 

 15 

TECHNICAL SOLUTION TO PROBLEM 

[7] A method of diagnosing mental disorders and predicting treatment responses performed 

by a psychiatric examination system may include generating user attention information using 

user’s eye-tracking on a monitor screen on which a test is being performed, receiving an input of 

psychiatric examination data including the generated user attention information into a learning 20 

model for diagnosing mental disorders and predicting treatment responses, and deriving result 

information related to mental disorder diagnosis and treatment response from the psychiatric 

examination data including the user attention information by using the learning model for 

diagnosing mental disorders and predicting treatment responses. 

[8] The learning model may be constructed by training using a data set for diagnosing mental 25 

disorders and predicting treatment responses. 

[9] The generating of the user attention information may include determining, from gaze 

coordinate values using eye tracking, a degree of attention on whether a user is looking at the 

monitor screen on which the test is being performed or a target area set within the monitor screen 
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on the basis of a pre-set number of frames per second. 

[10] The generating of the user attention information may include setting an area of interest 

in a target area within the monitor screen on which the test is being performed, and determining 

whether the user is focusing on the set area of interest on the basis of pre-set criteria information. 

[11] The generating of the user attention information may include determining eye movement 5 

state information related to user’s eye movement on a target area within the monitor screen on 

which the test is being performed using the number of saccades or eye movement fixation. 

[12] The generating of the user attention information may include calculating speed 

information on user’s eye movement by using gaze coordinates of a user’s gaze on the monitor 

screen on which the test is being performed or a target area set within the monitor screen and time 10 

data, and measuring a variation of the calculated speed information on the user’s eye movement. 

[13] The generating of the user attention information may include setting the remaining areas 

other than an area of interest set in a target area within the monitor screen on which the test is 

being performed as non-interest areas, and determining response inhibition information related to 

a user’s gaze at the set non-interest areas using visual indicators. 15 

[14] The generating of the user attention information may include measuring latency time data 

for a time until user’s eye movement occurs in order to gaze at a new stimulus when the new 

stimulus appears on the monitor screen on which the test is being performed, in a case in which 

latency time data on a time until the user’s eye movement occurs is greater than or equal to pre-

set criteria. 20 

[15] The generating of the user attention information may include extracting data on a change 

in pupil size of a user according to: an area of interest which is set in a target area within the 

monitor screen on which the test is being performed; and time. 

[16] A psychiatric examination system may include an information generation unit configured 

to generate user attention information using user’s eye tracking on a monitor screen on which a 25 

test is being performed, an input unit configured to receive an input of psychiatric examination 

data including the generated user attention information into a learning model for diagnosing 

mental disorders and predicting treatment responses, and a result-deriving unit configured to 
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derive result information related to mental disorder diagnosis and treatment response from the 

psychiatric examination data including the user attention information by using the learning model 

for diagnosing mental disorders and predicting treatment responses. 

 

ADVANTAGEOUS EFFECTS OF DISCLOSURE 5 

[17] By using eye-tracking technology to derive user attention information, the reliability of 

a machine learning model for diagnosing mental disorders and predicting treatment responses can 

be improved. 

[18] User attention information extracted using eye-tracking technology can be used to 

improve result information related to a mental disorder diagnosis and treatment response derived 10 

from a machine learning model. 

[19] Mental disorders can be more accurately and comprehensively determined through a 

machine learning model that diagnoses the mental disorders and predicts treatment responses on 

the basis of a diagnosis made by a specialist utilizing psychiatric examination results. This can be 

used not only in specialized hospitals but also in psychological counseling centers and the like. 15 

 

DESCRIPTION OF DRAWINGS 

[20] FIG. 1 is a block diagram illustrating a configuration of a psychiatric examination system 

according to an embodiment. 

[21] FIG 2 is a flowchart for describing a method of diagnosing attention deficit and mental 20 

disorders and predicting treatment responses in the psychiatric examination system according to 

an embodiment. 

[22] FIGS. 3 and 4 are diagrams for describing deriving result information related to a mental 

disorder diagnosis and treatment response through a learning model in the psychiatric examination 

system according to an embodiment. 25 
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MODE OF DISCLOSURE 

[23] Hereinafter, an embodiment will be described in detail with reference to the 

accompanying drawings. 

 

[24] FIG. 1 is a block diagram for describing a configuration of a psychiatric examination 5 

system according to an embodiment, and FIG. 2 is a flowchart for describing a method of 

diagnosing mental disorders and predicting treatment responses in the psychiatric examination 

system according to an embodiment. 

[25] A processor of a psychiatric examination system 100 may include an information 

generation unit 110, an input unit 120, and a result-deriving unit 130. The components of the 10 

processor may be representations of different functions performed by the processor in response to 

a control instruction provided from a program code stored in the psychiatric examination system. 

The processor and the components of the processor may control the psychiatric examination 

system to perform operations 210 to 230 included in the method of diagnosing mental disorders 

and predicting treatment responses of FIG. 2. Here, the processor and the components of the 15 

processor may be implemented to execute an instruction according to a code of at least one 

program and a code of an operating system (OS) included in a memory. 

[26] The processor may load, to the memory, a program code stored in a file of a program for 

the method of diagnosing mental disorders and predicting treatment responses. For example, when 

the program is executed in the psychiatric examination system, the processor may control the 20 

psychiatric examination system to load the program code from the file of the program to the 

memory under the control of the OS. Here, the information generation unit 110, the input unit 120, 

and the result-deriving unit 130 included in the processor may be different functional 

representations of the processor to perform operations 210 to 230 to be described below by 

executing an instruction of a portion corresponding to the program code loaded to the memory. 25 

[27] In operation 210, the information generation unit 110 may generate user attention 

information using user’s eye tracking on a monitor screen on which a test is being performed. For 

example, the information generation unit 110 may generate the user attention information while 

(comprehensive attention) tests, such as a simple selective attention test, an interference-selective 
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attention test, an inhibition-sustained attention test, a divided attention test, and a working memory 

test, are performed online in different ways. The information generation unit 110 may generate 

the user attention information from seven types of data, including a screen state in which the user 

cannot concentrate on the screen, a visual fixation in which the user cannot focus on the target, an 

eye movement state with a lot of eye movement, a case in which there is a variation in the speed 5 

of eye movement, a response inhibition in which the user sees a target that should not be looked 

at, a case in which a latency until the eye moves is long, and a case in which a pupil size is changed. 

[28] In an example, the information generation unit 110 may determine, from gaze coordinate 

values using eye tracking, the degree of attention on whether the user is looking at the monitor 

screen on which the test is being performed or a target area set within the monitor screen on the 10 

basis of a pre-set number of frames per second. The number of frames per second indicates a speed 

at which a film frame (screen) is changed in seconds. For example, in an NTSC (National 

Television System Committee)-type television, an interlaced scanning method is adopted, and thus, 

two fields become one frame, and the number of frames per second (FPS) is 30 frames. For 

example, the information generation unit 110 may obtain a gaze coordinate value of a gaze of the 15 

user looking at the monitor screen on which the test is being performed or a target area set within 

the monitor screen. In this case, the gaze coordinate value may be obtained whenever position 

data on a position at which the user gazes changes, and the gaze coordinate value (e.g., value of x 

and y coordinates) may be obtained in real time or at a preset period of time. Using the obtained 

gaze coordinate values, the information generation unit 110 may measure whether the user is 20 

looking at the monitor screen on which the test is being performed or a target area set within the 

monitor screen by using 30 FPS. 

[29] Further, the information generation unit 110 may set an area of interest in the target area 

within the monitor screen on which the test is being performed, and determine whether the user is 

focusing on the set area of interest on the basis of pre-set criteria information. In this case, the pre-25 

set criteria information may refer to fixation-related metrics. For example, the information 

generation unit 110 may obtain a focus score based on whether the user focuses on the area of 

interest for a preset period of time. The information generation unit 110 may count one point when 
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the user is focusing on the area of interest and minus (-) one point when the user is not focusing. 

The information generation unit 110 compares the counted focus score with the pre-set criteria 

information, and when the counted focus score is below the pre-set criteria information as a result 

of the comparison, the information generation unit 110 may determine that the user is not focusing 

on the area of interest. Alternatively, the information generation unit 110 may obtain times when 5 

the user is focusing or not focusing on the area of interest, and calculate an average time over the 

obtained times. The information generation unit 110 compares the calculated average time (the 

average time of not focusing) with the pre-set criteria information, and determines that the user is 

not focusing on the area of interest when the calculated average time is below the pre-set criteria 

information as a result of the comparison. In an embodiment, the determination of whether the 10 

user is focusing on the area of interest has been illustrated using the count of the focus score and 

the average time as examples, but various other methods may exist for determining that the user 

is not focusing on the area of interest. In this case, whether the user is focusing on the area of 

interest may be measured by only adding simple functions at a program level, utilizing numerical 

values provided by a software developer kit (SDK) using the fixation-related metrics for the area. 15 

[30] Further, the information generation unit 110 may use the number of saccades or eye 

movement fixation to determine information on the state of user’s eye movement on the target 

area within the monitor screen on which the test is being performed. For example, the information 

generation unit 110 may use the total number of saccades during a psychiatric examination to 

measure the relative number of eye movements for each user. The number of eye movements 20 

obtained from various users for whom the psychiatric examination is performed may be stored. 

This may be used to sort the relative ranking of users on the relative number of eye movements. 

Alternatively, the information generation unit 110 may measure the relative eye movement state 

for each user by utilizing an average duration of eye movement fixations. When performing a 

psychiatric examination, a plurality of tests of different types may be performed, and the 25 

information generation unit 110 may measure the average duration of eye movement fixations 

while each test is being performed. The average duration of eye movement fixation obtained from 

each of various users for whom the psychiatric examination is performed may be stored. This may 
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be used to short the relative ranking of the average duration of eye movement fixations for each 

user. 

[31] Further, the information generation unit 110 may calculate speed information on user’s 

eye movement by using gaze coordinates of the user’s gaze on the monitor screen on which the 

test is being performed or a target area set within the monitor screen and the time data, measure a 5 

variation of the calculated speed information on the user’s eye movement. In this case, the 

variation of the speed information on the eye movement may be measured by adding an arithmetic 

function code. 

[32] Further, the information generation unit 110 may set the remaining areas other than the 

area of interest set in the target area within the monitor screen on which the test is being performed 10 

as non-interest areas, and may determine response inhibition information related to a user’s gaze 

at the set non-interest areas using visual indicators. For example, the information generation unit 

110 may use a commission error, a response time (a response mean, a standard deviation, and the 

like), a total time, and the like as the visual indicators for determining the response inhibition 

information. The information generation unit 110 may measure time data when a target that should 15 

not be gazed at by the user or an area including the target is gazed at, and may determine the 

response inhibition information by comparing the measured time data with the visual indicator. In 

this case, the measured time data may be processed (e.g., the mean, the standard deviation, and 

the like are calculated) according to the response inhibition information. 

[33] Further, in a case in which latency time data on a time until user’s eye movement occurs 20 

is greater than or equal to pre-set criteria, when a new stimulus appears on the monitor screen on 

which the test is being performed, the information generation unit 110 may measure latency time 

data on a time until the user’s eye movement occurs in order to gaze at the new stimulus. 

[34] In addition, the information generation unit 110 may extract data on a change in pupil 

size of the user according to: the area of interest which is set in the target area within the monitor 25 

screen on which the test is being performed; and time. For example, the information generation 

unit 110 may determine that the user’s pupil size decreases or increases. 

[35] User attention information may be generated from each piece of data obtained using the 
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eye-tracking technology described above. In this case, each piece of obtained data may be 

generated into one piece of user attention information by performing a specific operation. 

[36] In an embodiment, the generated user attention information may be used as an input 

parameter of a learning model. Alternatively, psychiatric examination data derived using a 

learning model may be used to diagnose mental disorders and predict treatment responses by 5 

adding the user attention information to test results obtained from the psychiatric examination 

data. 

[37] In operation 220, the input unit 120 may receive an input of the psychiatric examination 

data including the generated user attention information into a learning model for diagnosing 

mental disorders and predicting treatment responses. Here, the learning model may be constructed 10 

by training using a data set for diagnosing mental disorders and predicting treatment responses. 

For example, the user attention information and a plurality of pieces of comprehensive attention 

test data (pieces of data on the simple attention test, the interference-selective attention test, the 

inhibition-sustained attention test, the divided attention test, and the working memory test) may 

be used as input data of the learning model. In the case of the screen state, a data set may be 15 

obtained by measuring whether the user is looking at the area on the monitor screen, on which the 

test is being performed, using the gaze coordinate value. In addition, in the case of the visual 

fixation, a data set may be obtained by measuring whether the user is not focusing on the target 

by setting up an area of interest (AOI) for the visual target area, using fixation-related metrics 

(fixation count, fixation mean duration, or the like) for the set AOI, and adding simple functions 20 

at a program level using numerical values (fixation or not) provided by the SDK. In addition, in 

the case of the eye movement state, a data set may be obtained by measuring a relative size of eye 

movement for each user using the total number of saccades or the average duration of the eye 

movement fixation. In addition, a variation in the eye movement speed may be calculated using 

the gaze coordinates and the time value, and a data set may be obtained by measuring the 25 

calculated speed variation. In addition, in the case of the response inhibition, a data set may be 

obtained by setting and measuring an AOI for the response inhibition information, and applying 

commission error, response time (mean, standard deviation, or the like), and the total time as visual 
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indicators to measure the response inhibition. In addition, in the case in which the latency until 

the eye moves is long, a data set for a saccadic latency and a movement latency may be obtained 

by measuring a latency time between the appearance of a new stimulus and the occurrence of eye 

movement to look at the new stimulus. In addition, a data set may be obtained by extracting data 

on the change in pupil size according to the target and the time. The seven data sets obtained as 5 

described above may be used to train the learning model. Such data sets may be obtained by 

diagnosing mental disorders and predicting treatment responses. The data sets may also be 

obtained by diagnosing ADHD, oppositional defiant disorder, conduct disorder, dyslexia, 

dyscalculia, and autism in people ranging in age from preschoolers to adults, and predicting 

treatment responses 10 

[38] In operation 230, the result-deriving unit 130 may use the learning model for diagnosing 

mental disorders and predicting treatment responses to derive result information related to clinical 

aspects and treatment response of the mental disorder diagnosis from the psychiatric examination 

data including the user attention information The result-deriving unit 130 may derive drug 

treatment effect result information related to clinical aspects and treatment response of the mental 15 

disorder diagnosis from the psychiatric examination data including the user attention information. 

In this case, since the measure of importance may be different depending on a domain of a material, 

the importance between the accuracy of prediction (precision) of mental disorders through the 

learning model or the rate (recall) of mental disorders correctly predicted by the model may be 

defined by pre-set criteria. The result-deriving unit 130 may derive the drug treatment effect result 20 

information related to the clinical aspects and treatment response of the attention deficit and 

hyperactivity disorder from the comprehensive attention test data including user attention 

information. For example, in the diagnosis of attention deficit and hyperactivity disorder, the 

importance between the accuracy of prediction (precision) of the attention deficit and 

hyperactivity disorder and the rate (recall) of the attention deficit and hyperactivity disorder 25 

correctly predicted by the model may be defined by pre-set criteria. In an embodiment, an example 

is described in which the prediction accuracy and rate of the attention deficit and hyperactivity 

disorder are defined by a domain expert. First, a confusion matrix for deriving the drug treatment 
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effect result information may be set. The drug treatment effect result information may be derived 

on the basis of true positives (TP), false positives (FP), true negatives (TN), and false negatives 

(FN) configured in the set confusion matrix. 

[39]  

 5 

[40] Accuracy of attention deficit and hyperactivity disorder:  

[41] Precision of attention deficit and hyperactivity disorder:  

[42] Recall, sensitivity, or True Positive Rate (TPR) of attention deficit and hyperactivity 

disorder:  

[43] Specificity or True Negative Rate (TNR) of attention deficit and hyperactivity disorder: 10 

 

[44] Here, the accuracy of the attention deficit and hyperactivity disorder means the rate of 

correct prediction of the attention deficit and hyperactivity disorder, the recall of attention deficit 

and hyperactivity disorder means the rate of positive samples that are correctly detected, the 

precision of attention deficit and hyperactivity disorder means the accuracy of positive predictions, 15 

and the specificity of attention deficit and hyperactivity disorder means the rate of negative 

samples correctly detected. 

[45] The result-deriving unit 130 may numerically represent a likelihood of a mental disorder. 
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The result-deriving unit 130 can represent the likelihood of a mental disorder as %. For example, 

the result-deriving unit 130 may express the likelihood of a mental disorder as a numerical value 

between 0 and 100. In this case, the closer the likelihood of a mental disorder is to 100, the more 

severe the mental disorder may be determined to be. Alternatively, the result-deriving unit 130 

may classify the likelihood of a mental disorder into pre-set classes (e.g., 0 to 25: normal, 25 to 5 

50: slightly at risk, 50 to 75: risk, and 75 to 100: warning), and may derive the class, to which the 

numerical data of the mental disorder corresponds, on the basis of the classified pre-set classes. 

The numerical value described in the embodiment is merely an example, and the present 

disclosure is not limited thereto. 

[46] FIGS. 3 and 4 are diagrams for describing deriving result information related to a mental 10 

disorder diagnosis and treatment response through a learning model in the psychiatric examination 

system according to an embodiment. 

[47] In FIGS. 3 and 4, a comprehensive attention test (CAT) during a psychiatric examination 

will be described as an example. In addition, numerical values described in the specification are 

merely examples, and the present disclosure is not limited thereto. 15 

[48] The term “comprehensive attention test” refers to a standardized test tool that 

comprehensively evaluates attention in children, adolescents, and adults. The term “attention” 

refers to higher functions of the brain that enable individuals to focus on desired information, 

sustain concentration for problem-solving, and sometimes redirect attention in response to 

required stimuli according to a purpose. The comprehensive attention test may examine five 20 

different types of attention, including simple selective attention, interference-selective attention, 

inhibition-sustained attention, divided attention, and working memory, through six different tests. 

Through this, each level of attention may be identified, and attention deficits may be evaluated. 

[49] The (visual) simple selective attention refers to the ability to respond to a desired visual 

stimulation, the (auditory) simple selective attention refers to the ability to respond to a desired 25 

auditory stimulation, the inhibition-sustained attention refers to the ability to continuously 

maintain attention and inhibit impulsivity, the interference-selective attention refers to the ability 

to ignore an interferential stimulation and respond to a required stimulation, the divided attention 
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refers to the ability to simultaneously process two or more stimuli, and the working memory refers 

to the ability to remember and process a sequence of stimuli in order. 

[50] In an example, in the comprehensive attention test, a menu of age-specific default sets 

may exist, and individual tests may be combined considering the situation of an examiner to create 

a new set of tests suitable for the examiner. For example, a kindergarten set for ages 4 to 5 may 5 

consist of (visual and auditory: each 10 minutes) simple selective attention tests and an inhibition-

sustained attention test, a shortened kindergarten set (for ages 4 to 5) may consist of (visual and 

auditory: each 5 minutes) simple selective attention tests and the inhibition-sustained attention 

test, a lower grade set for ages 6 to 8 may consist of the (visual and auditory: each 10 minutes) 

simple selective attention tests, the inhibition-sustained attention test, and an interference-10 

selective attention test, a shortened lower grade set (for ages 6 to 8) may consist of the (visual and 

auditory: each 5 minutes) simple selective attention tests, the inhibition-sustained attention test, 

and the interference-selective attention test, a higher grade set for ages 9 to 15/adult set for ages 

16 and older may consist of the inhibition-sustained attention test, the interference-selective 

attention test, a divided attention test, and a working memory test, and a comprehensive test set 15 

for ages 9 to 15/ comprehensive test set for ages 16 and older may consist of the (visual and 

auditory: each 10 minutes) simple selective attention tests, the inhibition-sustained attention test, 

the interference-selective attention test, the divided attention test, and the working memory test. 

[51] The psychiatric examination system may include comprehensive attention test data 

related to the comprehensive attention test results. Here, the comprehensive attention test data 20 

may include hospital data collected from each hospital and standardized data obtained by 

standardizing values of the hospital data. For example, the comprehensive attention test data may 

include hospital data including diagnosis made by a specialist using the hospital data and the 

comprehensive attention test data. In addition, standardization may be performed to use only a 

specific range of data from each hospital data, to unify units of the test data, or to reflect the fact 25 

that different hospitals have different diagnostic criteria. 

[52] The psychiatric examination system may perform analysis on the comprehensive 

attention test data. The psychiatric examination system may set variables to remove and exclude 
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a plurality of types of outliers from the comprehensive attention test data. For example, five types 

of outliers may be set. The five types of outliers may include type 1, characterized by ages falling 

outside a range of fewer than 4 years or more than 100 years, type 2, characterized by cases where 

test parameters for either visual or auditory simple selective attention are omitted, type 3, 

characterized by cases where the number of correct responses and a spatial attention width in a 5 

reverse direction for the working memory test are omitted, type 4, characterized by cases where 

working memory observations, as well as the spatial attention width in the reverse direction and 

an attention quotient (AQ) for the working memory test, are omitted, and type 5 characterized by 

cases where gender information is not provided or included. The psychiatric examination system 

may remove at least one or more and/or all of the five types of outliers from the comprehensive 10 

attention test data. In addition, the psychiatric examination system may set variables for hospital, 

magnetic resonance (MR), co-occurring diagnoses, severity, treatment status, and treatment 

response, which are selected from the comprehensive attention test data and are utilized as 

exclusion variables. 

[53] The psychiatric examination system may selectively select test data representative of 15 

each test from the comprehensive attention test data on the basis of predefined criteria. In other 

words, the psychiatric examination system may exclude some test data from modeling for the 

comprehensive attention test data on the basis of the predefined criteria. As a result of the 

exclusion, a degree of imbalance between normal test data and ADHD test data can be improved 

compared to before the exclusion. Here, resampling methods for improving the degree of 20 

imbalance, e.g., a synthetic minority over-sampling technique (SMOTE), random oversampling, 

are not considered. SMOTE is a method of randomly generating similar data for each class, and 

may generate random data by simply filling a section between each point in the same class. The 

psychiatric examination system may perform under-sampling to exclude ADHD data and normal 

data of the hospital data, when the ADHD data is within the range of the standardized data or the 25 

normal data is outside the range of the standardized data. 

[54] Standardization may be performed to unify units for the test data (values) obtained by 

performing the comprehensive attention test. For example, in the case of hospital data, “Scaling 
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with Random Over-Sampling” may be performed as a standardization method. In “Scaling with 

Random Over-Sampling,” “StandardScaler,” “RobustScaler,” and “MinMaxScaler” may be 

performed on the comprehensive attention test data. 

[55] Referring to FIG. 3, the psychiatric examination system may perform modeling for 

generating a learning model by selectively selecting test data related to the comprehensive 5 

attention test, and may classify attention deficit and hyperactivity disorder and predict treatment 

response through the learning model. 

[56] In an example, the psychiatric examination system may generate a random forest-based 

ensemble model as a learning model to train the comprehensive attention test data. The psychiatric 

examination system may input the comprehensive attention test data into the learning model. The 10 

psychiatric examination system may classify the comprehensive attention test data for each test. 

For example, the psychiatric examination system may classify the comprehensive attention test 

data into simple attention, interference-selective attention, inhibition-sustained attention, divided 

attention, and working memory. 

[57] The psychiatric examination system may perform pre-processing on each test data 15 

classified for each test. The psychiatric examination system may classify each classification model 

for the pre-processed test data by using random forest. The psychiatric examination system may 

estimate a missing value for each test data classified using the random forest. In this case, specific 

processing may be performed on the missing value. For example, specific processing may be 

performed, such as deleting the missing value or replacing the missing value with another value. 20 

[58] After the missing value is processed, the psychiatric examination system may derive the 

likelihood of the attention deficit and hyperactivity disorder by classifying each test data classified 

using the random forest using random forest. 

[59] In another example, the psychiatric examination system may train comprehensive 

attention test data by generating an ensemble model based on a Gaussian process classifier as the 25 

learning model. The psychiatric examination system may input the comprehensive attention test 

data into the learning model. The psychiatric examination system may classify the comprehensive 

attention test data for each test. For example, the psychiatric examination system may classify the 
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comprehensive attention test data into simple attention, interference-selective attention, 

inhibition-sustained attention, divided attention, and working memory. The psychiatric 

examination system may perform a range test on the standardized data for each test data classified 

for each test. In this case, the range test for the working memory is not performed. 

[60] As the test proceeds, the psychiatric examination system may merge each test data that 5 

has passed the test. At this point, after all the test data are merged, the psychiatric examination 

system may exclude test data for which at least three of the simple attention test, the interference-

selective attention test, the inhibition-sustained attention test, and the divided attention test are not 

performed. 

[61] The psychiatric examination system may estimate the missing value by excluding test 10 

data for which three or more of the simple attention test, the interference-selective attention test, 

the inhibition-sustained attention test, and the divided attention test are not performed. For 

example, when a subject did not take the (visual) simple selective attention test and took the 

(auditory) simple selective attention test, the inhibition-sustained attention test, the interference-

selective attention test, and the divided attention test, the psychiatric examination system may 15 

estimate the (visual) simple selective attention test data by averaging test data for each of the 

(auditory) simple selective attention, the inhibition-sustained attention, the interference-selective 

attention, and the divided attention. In this case, specific processing may be performed on the 

estimated missing value. For example, specific processing may be performed, such as deleting the 

missing value or replacing the missing value with another value. 20 

[62] The psychiatric examination system may reduce high-dimensional data to low-

dimensional data through principal component analysis (PCA) since measurement values of all 

the test data are merged. Since the number of columns becomes approximately 100 or more as the 

measurement values of all the test data are merged, the psychiatric examination system can use 

the PCA to reduce the dimensions to about 30. The psychiatric examination system may replace 25 

the classifier with a Gaussian process classifier. The psychiatric examination system may classify 

the merged test data whose dimension is reduced using the Gaussian process classifier to classify 

the attention deficit and hyperactivity disorder and derive the likelihood of the treatment response. 
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[63] The psychiatric examination system according to an embodiment may use the Gaussian 

process classifier as a classifier to enhance the performance of the learning model that 

simultaneously utilizes test data for the simple attention, the interference-selective attention, the 

inhibition-sustained attention, the divided attention, and the working memory that are included in 

the comprehensive attention test data. Accordingly, a reasonable probability of attention deficit 5 

and hyperactivity disorder is attained. However, when the prevalence rate is assumed to be 10%, 

the precision of the learning model decreases. When the prevalence rate is assumed to be 10%, a 

learning model may be used, but the learning model may be validated by sampling a class balance 

of test data, which is not used for modeling, to be 10% for the attention deficit and hyperactivity 

disorder and 90% for the normal. Since the ratio of the attention deficit and hyperactivity disorder 10 

to the normal is set to 10: 90, rather than taking into account actual symptom extremes or 

differences from the normal, the absolute number of the attention deficit and hyperactivity 

disorder reduced and an accuracy value is lowered when the prevalence rate is assumed to be 10%. 

[64] As described above, the psychiatric examination system may derive result information 

related to clinical aspects and treatment responses of the attention deficit and hyperactivity 15 

disorder for the comprehensive attention test data by using the learning model. For example, the 

psychiatric examination system may classify the attention deficit and hyperactivity disorder and 

derive the likelihood of treatment response. The psychiatric examination system may obtain a final 

result by applying the user attention information to the derived test result. The psychiatric 

examination system may obtain the final result by extracting valid data from the derived test result 20 

by using eye-tracking technology. The psychiatric examination system may generate the user 

attention information in relation to attention level determination, whether the area of interest is 

focused, eye movement state information on eye movement, speed/velocity variation of eye 

movements, response inhibition information when gazing at a target that should not be looked at, 

latency time data until eye movement occurs, data about change in pupil size, and the like. 25 

[65] Specifically, the psychiatric examination system may determine, from the gaze 

coordinate values using eye tracking, the degree of attention on whether the user is looking at the 

monitor screen on which the test is being performed or a target area set within the monitor screen 
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on the basis of the pre-set number of frames per second. Further, the psychiatric examination 

system may set an area of interest in the target area within the monitor screen on which the test is 

being performed, and determine whether the user is focusing on the set area of interest on the basis 

of pre-set criteria information. Further, the psychiatric examination system may use the number 

of saccades or eye movement fixation to determine information on the state of user’s eye 5 

movement on the target area within the monitor screen on which the test is being performed. 

Alternatively, the psychiatric examination system may measure the relative eye movement state 

for each user by utilizing an average duration of eye movement fixations. Further, the psychiatric 

examination system may calculate speed information on user’s eye movement by using gaze 

coordinates of the user’s gaze on the monitor screen on which the test is being performed or a 10 

target area set within the monitor screen and the time data, measure a variation of the calculated 

speed information on the user’s eye movement. Further, the psychiatric examination system may 

set the remaining areas other than the area of interest set in the target area within the monitor 

screen on which the test is being performed as non-interest areas, and may determine response 

inhibition information related to a user’s gaze at the set non-interest areas using visual indicators. 15 

Further, in a case in which latency time data on a time until user’s eye movement occurs is greater 

than or equal to pre-set criteria, when a new stimulus appears on the monitor screen on which the 

test is being performed, the psychiatric examination system may measure latency time data on a 

time until the user’s eye movement occurs in order to gaze at the new stimulus. In addition, the 

psychiatric examination system may extract data on a change in pupil size of the user according 20 

to: the area of interest which is set in the target area within the monitor screen on which the test is 

being performed; and time. 

[66] The psychiatric examination system may obtain a more accurate final result by applying 

the user attention information generated using eye-tracking technology to the derived test result. 

According to an embodiment, it is possible to predict diagnosis and treatment response in ADHD, 25 

oppositional defiant disorder, conduct disorder, dyslexia, dyscalculia, and even autism through the 

comprehensive attention test. 

[67] Referring to FIG. 4, the psychiatric examination system may selectively select test data 
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related to the comprehensive attention test. The psychiatric examination system may use the 

selected test data and user attention information to perform modeling for generating a learning 

model, and the learning model may be used to classify attention deficit and hyperactivity disorder 

and predict treatment response. In an example, an ensemble model based on a random forest may 

be used as the learning model. Here, the learning model may be constructed by training using a 5 

data set in advance. The psychiatric examination system may input the user attention information 

and the comprehensive attention test data to the learning model. The psychiatric examination 

system may classify the user attention information and the comprehensive attention test data on 

the basis of the pre-set criteria (e.g., type of test). For example, the psychiatric examination system 

may classify the comprehensive attention test data into simple attention, interference-selective 10 

attention, inhibition-sustained attention, divided attention, and working memory. 

[68] The psychiatric examination system may perform pre-processing on each test data 

classified for each test and the user attention information. The psychiatric examination system 

may classify each classification model for the pre-processed test data and the user attention 

information by using random forest. The psychiatric examination system may estimate a missing 15 

value for each of the test data and the user attention information classified using the random forest. 

In this case, specific processing may be performed on the missing value. For example, specific 

processing may be performed, such as deleting the missing value or replacing the missing value 

with another value. 

[69] After the missing value is processed, the psychiatric examination system may derive the 20 

likelihood of attention deficit and hyperactivity disorder by classifying each of the test data and 

the user attention information classified using the random forest using random forest. 

[70] In another example, the psychiatric examination system may use a Gaussian process 

classifier-based ensemble model as the learning model. Here, the learning model may be 

constructed by training by using a data set in advance. The psychiatric examination system may 25 

input the comprehensive attention test data and the user attention information into the learning 

model. The psychiatric examination system may classify the comprehensive attention test data 

and the user attention information on the basis of the pre-set criteria (e.g., type of test) For example, 
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the psychiatric examination system may classify the comprehensive attention test data into simple 

attention, interference-selective attention, inhibition-sustained attention, divided attention, and 

working memory. The psychiatric examination system may perform a range test on the 

standardized data for each of the test data classified for each test and the user attention information. 

At this time, a range test for the working memory is not performed. 5 

[71] As the test proceeds, the psychiatric examination system may merge each of the test data 

and the user attention information that have passed the test. At this point, after all of the test data 

and the user attention information are merged, the psychiatric examination system may exclude 

test data for which at least three of the simple attention test, the interference-selective attention 

test, the inhibition-sustained attention test, and the divided attention test were not performed. 10 

[72] The psychiatric examination system may estimate the missing value by excluding test 

data for which three or more of the simple attention test, the interference-selective attention test, 

the inhibition-sustained attention test, and the divided attention test are not performed. For 

example, when a subject did not take the (visual) simple selective attention test and took the 

(auditory) simple selective attention test, the inhibition-sustained attention test, the interference-15 

selective attention test, and the divided attention test, the comprehensive attention test system may 

estimate the (visual) simple selective attention test data by averaging test data for each of the 

(auditory) simple selective attention, the inhibition-sustained attention, the interference-selective 

attention, and the divided attention. In this case, specific processing may be performed on the 

estimated missing value. For example, specific processing may be performed, such as deleting the 20 

missing value or replacing the missing value with another value. 

[73] The psychiatric examination system may reduce high-dimensional data to low-

dimensional data through principal component analysis (PCA) since measurement values of all of 

the test data and the user attention information are merged. Since the number of columns becomes 

approximately 100 or more as the measurement values of all of the test data and the user attention 25 

information are merged, the psychiatric examination system can use the PCA to reduce the 

dimensions to about 30. The psychiatric examination system may replace the classifier with a 

Gaussian process classifier. The psychiatric examination system may classify the merged test data 
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whose dimension is reduced using the Gaussian process classifier to classify the attention deficit 

and hyperactivity disorder and derive the likelihood of the treatment response. 

 

MODES FOR CARRYING OUT THE INVENTION 

[74] The device described above may be implemented in hardware components, software 5 

components, and/or a combination of the hardware components and software components. For 

example, the device and components described in embodiments may be implemented using one 

or more general purpose computers or special purpose computers, such as, for example, a 

processor, a controller, an arithmetic logic unit (ALU), a digital signal processor, a microcomputer, 

a field programmable gate array (FPGA), a programmable logic unit (PLU), a microprocessor, or 10 

any other device capable of executing and responding to instructions. A processing device may 

execute an operating system (OS) and one or more software applications running on the operating 

system. Further, the processing device may access, store, manipulate, process, and generate data 

in response to execution of the software. For ease of understanding, it has been described that a 

single processing device is used in some cases, but those skilled in the art will appreciate that the 15 

processing device may include a plurality of processing elements and/or a plurality of types of 

processing elements. For example, the processing device may include a plurality of processors, or 

a single processor and a single controller. Further, other processing configurations such as a 

parallel processor are possible. 

[75] The software may include a computer program, a code, an instruction, or a combination 20 

of one or more thereof, configure the processing device to operate as desired, or independently or 

collectively command the processing device to operate as desired. The software and/or data may 

be permanently or temporarily embodied in any type of a machine, a component, a physical device, 

virtual equipment, a computer storage medium or device, or a signal wave which will be 

transmitted in order to be interpreted by the processing device or provide a command or data to 25 

the processing device. The software may be distributed over computer systems connected through 

a network and be stored or executed in a distributed manner. The software and data may be stored 

in one or more computer-readable recording media. 

[76] The method according to the embodiment may be implemented in the form of a program 
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instruction which is executable through various computer means and be recorded in a computer-

readable medium. The computer-readable medium may include program instructions, data files, 

data structures, and the like alone or in a combination thereof. The program instructions recorded 

on the media may be those specially designed and configured for embodiments or may be known 

and available to those skilled in the art of computer software. Examples of the computer-readable 5 

recording medium include magnetic media such as a hard disk, a floppy disk, and a magnetic tape, 

optical media such as CD-ROM and DVD, magneto-optical media such as floptical disks, and 

hardware devices specially configured to store and perform program commands such as such as 

read-only memory (ROM), random-access memory (RAM), and flash memory. Examples of the 

program instructions may include not only machine codes created by a compiler, but also high-10 

level language codes that may be executed by a computer using an interpreter and the like. 

[77] Although the embodiments have been described above with reference to the limited 

embodiments and drawings, those skilled in the art may apply various technical modifications and 

variations on the basis of the above description. For example, appropriate results may be achieved 

even when the described technique is performed in a different order from the described method 15 

and/or the components of the described system, structure, device, circuit and the like may be 

combined in a different form or replaced or substituted by other components or equivalents. 

[78] Therefore, other implementations, other embodiments, and those equivalents to the 

claims are within the scope of the claims to be described below. 

  20 
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CLAIMS 

1. A method of diagnosing mental disorders and predicting treatment responses performed by a 

psychiatric examination system, the method comprising: 

generating user attention information using user’s eye tracking on a monitor screen on which a 

test is being performed; 5 

receiving an input of psychiatric examination data including the generated user attention 

information into a learning model for diagnosing mental disorders and predicting treatment 

responses; and 

deriving result information related to mental disorder diagnosis and treatment response from the 

psychiatric examination data including the user attention information by using the learning model 10 

for diagnosing mental disorders and predicting treatment responses. 

 

2. The method of claim 1, wherein the learning model is constructed by training using a data set for 

diagnosing mental disorders and predicting treatment responses. 

 15 

3. The method of claim 1, wherein the generating of the user attention information includes 

determining, from gaze coordinate values using eye tracking, a degree of attention on whether a 

user is looking at the monitor screen on which the test is being performed or a target area set 

within the monitor screen on the basis of a pre-set number of frames per second. 

 20 

4. The method of claim 1, wherein the generating of the user attention information includes setting 

an area of interest in a target area within the monitor screen on which the test is being performed, 

and determining whether the user is focusing on the set area of interest on the basis of pre-set 

criteria information. 

 25 

5. The method of claim 1, wherein the generating of the user attention information includes 

determining eye movement state information related to user’s eye movement on a target area 

within the monitor screen on which the test is being performed using the number of saccades or 

eye movement fixation. 

 30 
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6. The method of claim 1, wherein the generating of the user attention information includes 

calculating speed information on user’s eye movement by using gaze coordinates of a user’s gaze 

on the monitor screen on which the test is being performed or a target area set within the monitor 

screen and time data, and measuring a variation of the calculated speed information on the user’s 

eye movement. 5 

 

7. The method of claim 1, wherein the generating of the user attention information includes setting 

the remaining areas other than an area of interest set in a target area within the monitor screen on 

which the test is being performed as non-interest areas, and determining response inhibition 

information related to a user’s gaze at the set non-interest areas using visual indicators. 10 

 

8. The method of claim 1, wherein the generating of the user attention information includes 

measuring latency time data for a time until user’s eye movement occurs in order to gaze at a new 

stimulus when the new stimulus appears on the monitor screen on which the test is being 

performed, in a case in which latency time data on a time until the user’s eye movement occurs is 15 

greater than or equal to pre-set criteria. 

 

9. The method of claim 1, wherein the generating of the user attention information includes 

extracting data on a change in pupil size of a user according to: an area of interest which is set in 

a target area within the monitor screen on which the test is being performed; and time. 20 

 

10. A psychiatric examination system comprising: 

an information generation unit configured to generate user attention information using user’s eye 

tracking on a monitor screen on which a test is being performed; 

an input unit configured to receive an input of psychiatric examination data including the 25 

generated user attention information into a learning model for diagnosing mental disorders and 

predicting treatment responses; and 

a result-deriving unit configured to derive result information related to mental disorder diagnosis 

and treatment response from the psychiatric examination data including the user attention 

information by using the learning model for diagnosing mental disorders and predicting treatment 30 

responses. 


