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The assessment and rehabilitation of patients with cognitive dysfunc-
tion is a field that currently requires assistive technology. While the pa-
per-and-pencil test, such as the line tracing test, is one of the commonly 
used assessment methods for cognitive dysfunction, accuracy, and 
time-consuming assessment process needed technological applica-
tion. The aim of this study was therefore to establish a computer-based 
real-time assessment system (e-system) for patients without compro-
mising the usefulness of the conventional paper-and-pencil based user 
tools with 50 healthy participants. The comparison of the e-system with 
the golden-standard assessment (evaluator) results showed high con-
cordance correlation coefficients of 0.89 and 0.87 and small effective 
sizes of 0.27 and 0.27 between two repeated measures. The Bland-Alt-

man plots also showed smaller degree of error and greater repeatability 
in comparison to the repeated measures. Moreover, the accuracy rates 
of 96.5% and 96.4% were shown. The results indicated feasibility of the 
novice e-system. The e-system may assist rehabilitation specialists to 
assess and diagnose patients with cognitive dysfunction. This system 
can be applied to a range of assessment and rehabilitation modalities 
based on pen and paper. It can also be used for various patients such 
as those with Parkinson disease, stroke, or different forms of brain le-
sions.
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INTRODUCTION

Cognitive dysfunction that may be caused by brain damage or 
dysfunction is recognized by conducting neurocognitive tests such 
as psychometric tests or neuro-physiologic tests along with gener-
al clinical diagnosis. These test methods are useful in the clinical 
environment by detecting cognitive dysfunction early through 
the detection of adverse reactions even when no clinical symptoms 
are seen (Jeong et al., 2017).

Since cognitive dysfunction can appear in various symptoms, 
various types of tests are organized in the form of a comprehensive 
test rather than one test method to examine various functional 
states of patients. For example, in the case of the line bisection test 
(LBT), the degree of unilateral ignorance is evaluated by measur-
ing the symptom of ignoring one of the left and right directions, 
and the judgment impairment that cannot be found in order from 

1 to 10 is evaluated (Ferber and Karnath, 2001; Weissenborn et 
al., 2001). In the case of the line tracing test (LTT), the motor 
speed and accuracy are evaluated, and the Number Connection 
Test-A (NCT-A) is the mental-motor speed (psychomotor speed), 
visual scanning efficiency, sequencing, attention, concentration, 
etc. are evaluated, and the Number Connection Test-B (NCT-B) 
is attention set shifting ability, visual scanning efficiency, continu-
ity, attention, and concentration are evaluated (Kerai et al., 2012; 
Li et al., 2013; Luo et al., 2019). Such psychometric test tools 
such as LTT, NCT-A, and NCT-B have low sensitivity and can be 
easily used. For such reasons, these tools are being widely used 
due to the advantage of being applicable to patients without clin-
ical abnormality (Li et al., 2013).

The psychometric tests in general can be broadly divided into 
paper-and-pen or computer-based test methods (Luo et al., 2019). 
Paper-and-pen methods have the advantage of being a test tool 
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that can be easily carried out without being limited by the place 
and situation. The basic method of testing tools based on paper-
and-pen is to print specific patterns on plain paper and have the 
patient draw a line using a pen in accordance with the regulations 
informed by the evaluator. In the case of the LTT test mentioned 
above, patients simply draw a line from the start point to the end 
point without taking off the pen without deviating from the giv-
en line. In the case of NCT-A or NCT-B, this is a test that sequen-
tially connects patterns with numbers printed to the patient 
(Weissenborn et al., 2001). Despite the simplicity, the tests mea-
sure the degree of tremor of the arm, cognitive ability, movement 
accuracy to assess initial condition or rehabilitation outcome. Pa-
tients with real cognitive impairments show problems such as 
drawing outside the line or connecting incorrect numbers (Li et 
al., 2013). At the end of the test, an evaluation is made to deter-
mine the extent of the present symptoms based on the results.

As for the existing pen-and-paper based methods, the evaluation 
is also being carried out manually. Such manual evaluation meth-
od not only consumes the time and effort of a medical professional, 
but also makes it possible to generate an evaluator error (de Joode 
et al., 2010; Jee et al., 2015). In particular, in the case of the LTT 
test, it takes a lot of time because it is necessary to divide the giv-
en path into 365 pieces and determine the line of the correspond-
ing area (Rossetti et al., 2016). Such test method also leads to re-
duced accurate evaluation results to the patient as error may occur 
during the repeated measurements or between evaluators (Jee et al., 
2015). Moreover, since the test results must be preserved as medi-
cal records, there is also the hassle of scanning and storing test re-
sults. Therefore, there is a need for a new type of diagnosis system 
to maintain the existing evaluation method using a pen and paper, 
shorten the evaluation time, and guarantee the accuracy of evalua-
tion results (de Joode et al., 2010; Ferber and Karnath, 2001).

Currently, computer-based examinations have limitations in 
providing patients with a changed measurement environment be-
cause they propose computer monitor measurement methods from 
paper-and-pen-based measurement methods (Jee et al., 2015). In 
order to solve this problem, this study aimed to provide a more 
precise and efficient system by implementing a system capable of 
real-time examination and evaluation while maintaining the same 
paper-and-pen based examination methods currently used for ex-
amination and diagnosis in hospitals.

This study examined the feasibility of a smart-type LTT system 
(e-system) made for assessing cognitively impaired. The LTT eval-
uation results by the e-system were compared with the golden 
standard assessment method.

MATERIALS AND METHODS

Participants
In order to evaluate the effectiveness and performance of the 

electronic pen (e-pen) based LTT system proposed in this paper, a 
test was conducted with 50 healthy adult participants. The crite-
ria for selection of subjects were conducted by selecting 20 healthy 
adult men and 30 women between the ages of 19 and 32. The av-
erage age and educational background of the participants were 
22.8±2.57 years and 14.9±1.70 years. Prior to conducting this 
study, the purpose and method of this study were explained in de-
tail, and the experiment was conducted after confirming partici-
pation in this study through oral and signed signatures. This ex-
perimental process was approved by the Research Ethics Commit-
tee (170227-1A).

To confirm the cognitive function of the healthy adult subjects, 
the Korean version-Mini Mental State Examination (K-MMSE) 
was conducted, and as a result, the average K-MMSE score of the 
subjects was 29.4±0.82 (Kang et al., 2016). The LTT test dura-
tion (sec) by each subject and the evaluation duration (sec) of the 
evaluator and the computer for the LTT results along with the ac-
curacy rate (%) were also measured.

The LTT test results were scored in two ways. First, a computer 
program automatically scoring, and the scoring time for the test 
results was made in real time and was less than 1 second. In order 
to accurately compare with the existing scoring method, the eval-
uator directly scored using a pen and ruler.

Novice electronic psychometric assessment system: 
e-system

This study used custom-made electronic pen-based evaluation 
and rehabilitation system consists of an electronic pen, a smart pa-
per printed with location information, and a PC-based evaluation 
software. When a subject touches the paper with the smart-pen, 
the pressure sensor of the smart-pen starts recording the pen 
movement on the micropatterned paper. The pen position on the 
paper is calculated from the acquired image through CMOS sen-
sor of the e-pen. The position information of the pen is captured 
85 times-per-second and transmitted to the evaluation and/or re-
habilitation program operated on the PC through Bluetooth com-
munication.

The position of the electronic pen is calculated based on the 
micropattern printed on the paper. A micropattern is a combina-
tion of several fine dots to express location information. One dot 
has a size of 50 to 80 μm, and 16 to 25 dots compose one location 
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information.
The position of the pen can be recognized with a resolution of 

0.4 mm on paper, and the actual position of the pen is assumed to 
be the center point of the position pattern. By applying the math-
ematical interpolation algorithm, the maximum resolution is be 
improved to 100 μm (0.1 mm). Hence, in this study, the resolu-
tion of the pen was implemented as 0.1 mm.

Line tracing test
The cognitive ability evaluation method targeted in this paper 

is LTT, a type of the psychometric hepatic encephalopathy score 
proposed in 2001 (Randolph et al., 2009). It is used to evaluate 
the initial diagnosis of hepatic encephalopathy and the motor abil-
ity and accuracy of the arm. It is a prosecutor (Weissenborn et al., 
2001). The test pattern for LTT consists of a 5-mm-thick straight 
and curved path, and the patient undergoing the test draws a line 
along the path to the destination without removing the pen. As 
the patient draws a line, the patient aims to avoid leaving or clos-
ing the path.

(Equation 1)

The evaluation result is expressed as the line tracking score, 
(score), which is expressed as the product of the test time (τ) and 
the line tracking accuracy (μ) as shown in equation (1). The calcu-
lation method of line tracking accuracy (μ) is to divide the entire 
route into 365 areas and score points in each area to add up. The 
zones are divided into four cases and 0 points are awarded for not 
deviating from the route within the area. In addition, 1 points 
were given for closing the border, 2 points for leaving the border, 
and 3 points were given for disregarding the area.

LTT procedure
A paper with drawing of the LTT and patterns for real-time 

transmission of the drawing information to a computer with the 
application program was given to each participant and execution 
of the test was explained. The application program for cognitive 
ability evaluation receives location information from a smart-pen 
and displays it on the screen. The program evaluates the test re-
sults in real time based on the transmitted location information. 
Fig. 1 shows the execution of LTT using the developed smart-pen 
and the execution of the application program showing the result 
in real-time. In addition, the test results were scored so that a 
therapist or evaluator specialize in rehabilitation could immedi-
ately check the test results.

The right side shows what the subject marked, and the black 
color shows the line not marked by the subject. The e-system with 
program uniquely designed for LTT was implemented to enhance 
the rehabilitation effect by alerting the subject with vibration or 
LED light when the subject displays the line out of a certain range 
from the center of the line during the evaluation or ignores the 
line in order. The trajectory of the pen transmitted from the elec-
tronic pen to the PC through Bluetooth communication is auto-
matically analyzed by the LTT-exclusive test-rehabilitation pro-
gram, and the test time and LTT score are automatically analyzed 
and monitored by an evaluator. Same LTT test was conducted a 
week from the initial assessment for test-retest comparison.

Statistical analysis
Prior to the comparative assessments, the normality analysis 

was first performed using the Komogorov-Smirnov test for both 
data set. Both data sets were assessed to be normally distributed. 

Fig. 1. Execution of the line tracing test with the novice e-pen system.
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All statistical analysis was processed using MedCalc Statistical 
Software version 19.6 (Ostend, Belgium). The sample size of pre-
vious studies was first considered regarding the reliability of the 
LBT (Ferber and Karnath, 2001; Jee et al., 2015; Ku et al., 2009).

The interrater (system vs. golden-standard) and intrarater (test- 
retest) analyses were conducted on the assessed LTT test results 
evaluated by the system and the tester. The LTT test was conduct-
ed twice with a week of washout period between the repeated tests. 
The concordance correlation coefficients (CCCs) with confidence 
intervals (CIs) were used to measure the interrater reliability of the 
system. Intraclass correlations (ICCs) with CIs were used to assess 
the intrarater reliability of the repeated test results. As for the CCC 
and ICC coefficients, the results between 0.6 and 0.8 were consid-
ered ‘substantial’ and results greater than 0.8 were regarded as 
‘excellent’ or ‘near perfect’ (Jee et al., 2015).

In addition, the effect sizes (Cohen d) between the comparison 
groups were also calculated. Effect size is a statistical method to 
compare the difference between two result means. When the ef-
fect size is 0.2–0.4, there is a small effect, when the effect size is 
about 0.5, the medium effect size (medium) is obtained. It shows 
that there is a large effect when it is a value (Rossetti et al., 2016). 
The CI range was 95%. Finally, the Bland-Altman plots between 
the system and tester first the first and second assessment trials 
were assessed. The Bland-Altman plots lineate mean differences 
between two assessment results with the degree of agreement be-
tween them (Jee et al., 2015). Closeness of the degree of agree-
ments and CIs to zero indicate strong agreement between the two 
results. For all analyses, a significance level of P≤0.05 was set.

RESULTS

A total of 50 participants composed of 20 men and 30 women 
participated in this study. The participants were all right-handed 
with the mean age of 22.8±2.57 years. The mean K-MMSE re-
sults for the first and second assessments were 29.48 and 29.38, 
respectively. The total assessment times for the first and second 
assessments were 56.48 and 62.59 seconds, respectively.

The CCC of the first assessment results between the system and 
the tester 1 with 95% CI was 0.89 (0.83–0.94) and second assess-
ment result between the system and the tester 2 was 0.87 (0.79–
0.92). In addition, CCC between the first system results and the 
second system results was 0.53 (0.37–0.66) and CCC between the 
first tester results and the second tester results was 0.64 (0.51–
0.74).

The effect size between the first system and first tester assessed 
results was 0.27 and the effect size between second system and 
second tester assessed results was 0.27. Moreover, the effect size 
between the first system and second system results was 0.52 and 
the effect size between the first tester and second tester results was 
0.40, respectively.

The Bland-Altman plots between the system and tester first the 
first and second assessment trials were assessed and shown in Figs. 
2–5. The mean differences with CIs between the first system and 
tester assessed results were 7.9 (-13.6 and 29.5) (Fig. 2), between 
the second system and tester assessed results were 4.4 (-9.2 and 
18.0) (Fig. 3), between the first system and second system assessed 
results were 12.6 (-29.8 and 55.0) (Fig. 4), and between the first 
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Fig. 2. Bland-Altman plot for comparison between the first e-system and first 
evaluator scores of the LTT test results. SD, standard deviation; LTT, line tracing 
test.
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Fig. 3. Bland-Altman plot for comparison between the second e-system and 
second evaluator scores of the LTT test results. SD, standard deviation; LTT, 
line tracing test.
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tester and second tester assessed results were 9.0 (-25.7 and 43.8) 
(Fig. 5).

DISCUSSION

This study examined the feasibility of a smart-type LTT system 
(e-system) made for evaluating cognitive dysfunction, rehabilita-
tion treatment, and cognitive function evaluation. The system that 
automatically evaluates LTT, a type of psychometric test tools used 
to evaluate cognitive dysfunction in patients, was developed and 
utilized for this study. Following the assessment, the LTT results 
were evaluated automatically by the novice e-system and manually 
by an evaluator.

In order to verify the accuracy and effectiveness of the developed 
system, the LTT test was conducted on 20 men and 30 women 

participated. The novice evaluation tool using an electronic pen in 
this paper was observed to be within the error range of the exist-
ing manual evaluation method. Moreover, the novice system en-
sured the measurement reliability as an assessment tool. Repeated 
tests were conducted for the e-system and evaluator comparisons. 
The average time the evaluator spent evaluating the LTT results 
were 54.7±54.3 and 62.6 ±48.1 sec for the first and second tests. 
This indicates that the manual evaluation time of about 1 min. In 
the case of this study, the novice evaluation system showed little-
to-no evaluation time as shown in Table 1. Such time results were 
similar to previous study that performed with similar type of psy-
chometric test (Jee et al., 2015).

In order to observe the feasibility, the test results of the novice 
system were compared with the results assessed by the golden 
standard. As shown in Table 1, mean comparisons were not sig-
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Fig. 4. Bland-Altman plot for comparison between the first e-system and sec-
ond e-system scores of the LTT test results. SD, standard deviation; LTT, line 
tracing test.
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Fig. 5. Bland-Altman plot for comparison between the first evaluator and sec-
ond evaluator scores of the LTT test results. SD, standard deviation; LTT, line 
tracing test.

Table 1. Validity assessment between the e-system and golden standard (evaluator) (n= 50)

Measured item E-system Evaluator P-value Effect sizes (Cohen d) CCC (95% CI)

First test
   Accuracy rate (%) 96.5
   Evaluation duration (sec) 0 54.48± 54.26
LTT scores 65.82± 31.53 58.00± 27.46 0.18 0.27 0.89 (0.83–0.94)
Retest
   Accuracy rate (%) 96.4
   Evaluation duration (sec) 0 62.59± 48.11
   LTT scores 61.22± 59.81 48.99± 15.37 0.17 0.27 0.87 (0.79–0.92)

Values are presented as mean± standard deviation.
CCC, concordance correlation coefficient; CI, confidence interval; LTT, line tracing test; E-system, novice electronic pen-based LTT evaluation system; accuracy rate (%), LTT 
score/maximum LTT score ×  100; evaluation duration (sec), time that took the evaluator to complete assessment.
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nificant. In addition, the first and second LTT tests showed small 
effect sizes of 0.27 for both trials. As indicated by previous study, 
effect size between 0.2 and 0.4 were considered as small effect 
size, effect size of 0.5 was considered as medium effect size, and 
effect size greater than 0.5 was considered as large effect size (Ros-
setti et al., 2016). In addition to effect sizes, CCCs were also cal-
culated. E-system and evaluator comparisons for the first and sec-
ond LTT test results were observed. As shown in Table 1, CCCs 
for first and second comparisons were close to 0.9. The correlation 
coefficients of previous studies showed that results between 0.6 
and 0.8 as significantly correlated and 0.8 or above as very highly 
correlated.

Finally, Bland-Altman plots showed strong degree of agree-
ment for the assessment and re-assessment comparisons between 
the e-system and the evaluator. The limit of agreement provides 
information on the degree of error and repeatability (Abu-Arafeh 
et al., 2016; Bland and Altman, 1999). Smaller the scatters of the 
differences along the central line indicate high repeatability and 
greater degree of agreement. The results of this study show the 
smallest degree of dispersion of the scattered mean differences for 
the second LTT assessment results. Moreover, the Bland-Altman 
plots between the e-system and evaluator were comparatively 
closer to each other than the comparisons between the first and 
second test and retest results even with the same assessment 
methods. Such observations indicate that the comparison of two 
repeated measures leads to differences in true results despite the 
identical subjects and environment (Bland and Altman, 2007; 
Pagnacco et al., 2015). As shown in Table 1, the results between 
the first and second tests showed significant differences between 
the results despite the same assessment methods applied. In addi-
tion to all the closeness comparisons between the e-system and 
evaluator, the accuracy rates for both tests were 97% on the aver-
age. All the comparative results between the e-system and the 
golden-standard method conducted by an evaluator showed high 
feasibility of the novice system.

The electronic pen-based system for evaluating the LTT using a 
paper-and-pen can be widely used in hospitals without using dif-
ferent interfaces such as computer screen. However, due to the 
time-consuming assessment and evaluation time, computer-aided 
assessment tools are being suggested (Jee et al., 2015; Luo et al., 
2019; Mardini et al., 2008). According to a review paper, the di-
agnostic and screening time of different tests were between 10 to 
30 min (Luo et al., 2019). This novice system will provide the ad-
vantage of allowing professional medical professionals to use more 
time for patients by remarkably shortening evaluation and storage 

time along with reliable results.
There were some limitations to the study. First, assessment by 

the e-system showed errors of not counting excessively outlying 
lines that could not be identified by the e-pen due to the exces-
sively tilted angle of the pen during some drawing movements. 
Such limitation could lead to greater error with the cognitively 
impaired patients due to limitation of limb control. Another lim-
itation would be the subjects of this study. All the test subjects 
were physically and mentally healthy young subjects. The draw-
ing patterns would be significantly different from the cognitively 
impaired patients. Greater variations would be expected from the 
patient. However, testing the feasibility of the novice e-system 
with the healthy subjects could obtain the opportunity to check 
the feasibility prior to proceeding with fragile patients.

As future studies, we plan to conduct clinical studies targeting 
actual patients, and through this, it is expected that the utility of 
the system can be empirically presented with clinical application.
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