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Abstract

Objective: A Korean version of Trail Making Test (TMT) led to reduced clinical use in Korea because of lower
completion rate. The current study examines multiple TMT versions in effort to identify which type might accurately
detect cognitive decline with higher completion rate.

Methods: Three versions of TMT including the original TMT, TMT-Korean Letter (TMT-K), and TMT-Black
and White (TMT-B&W) were utilized. A total of 62 participants were included, comprised of 30 cognitively normal
controls (NC) and 32 mild cognitive impairment (MCI). Three TMT versions were administered to subjects with other
neuropsychological tests.

Results: TMT-B&W completion time as well as that of Original TMT and TMT-K was successful in distinguishing
MCI from NC adjusted for age, sex and educational level. TMT-B&W also showed a high correlation with other
neuropsychological tests that represent frontal executive function. Regarding completion rate in MCI patients,
Original TMT and TMT-K were not successfully completed (62% and 60.6%, respectively) compared with TMT-B&W
(90.1%).

Conclusion: As TMT-B&W showed higher completion rate than others and revealed significant correlation with
frontal executive function, this culture-fair measure can vitalize TMT task with increased applicability in Korean

elderly adults who are unfamiliar with the sequence of English or Korean alphabet.

Keywords: Trail making test; Frontal lobe function test; Mild
cognitive impairment

Introduction

As widely used neuropsychological test in a clinical setting [1],
the Trial Making Test (TMT) identifies and distinguishes cognitive
impairment [2-4] in a concise and simple manner [5-7]. The TMT has
two parts: part A requires the test-taker to connect numbers (1-25)
that are randomly distributed on a test paper (1->2->3...), while part B
calls for the test-taker to alternate numbers and letters (1->A->2->B...)
(Figure la). Part B requires more complex cognitive functions [8], and
has proven to be sensitive to prefrontal cortical damage [9,10].

Past researchers have tried to develop a Korean version of TMT
(TMT-K). In the initial version of TMT-K, part A used the same test
sheet as the original TMT, while part B consisted of numbers and
Korean alphabet (& = . ), instead of English alphabet (Figure
1b). However, even adults with normal cognitive ability had difficulty
recalling the series of Korean characters, leading to poorer than
expected performance on this task [11]. To accommodate testing in
the elderly, who have a shorter attention span and lower educational
level; researchers devised the Korean-Trail Making Test for the Elderly
(K-TMT-e) [12]. However, K-TMT-e was too simple that it did not
discriminate those with mild cognitive impairment (MCI) from
cognitively normal subjects and showed no correlation with other
cognitive tests that represent frontal executive function. Continued
efforts to develop a TMT-K by replacing the stimuli of English alphabet
in TMT-B with other characters have not been successful, in turn,
leading to infrequent clinical use of the TMT [13]. To overcome these
problems that might be caused by using alphabet, we developed the
Trail Making Test-Black & White (TMT-B&W) using colours and
Figures as stimuli in the same trace as the original ones [14] (Figure 1c).

The aims of the current study were 1) to validate the new versions
of TMT-B&W in effort to maximize test-taker performance, and 2) to
administer the three versions of these tests in older Korean healthy and
patient with cognitively impaired subjects, to distinguish groups at the
stage of mild cognitive impairment.

Materials and Methods
Subjects

Our subjects sample was a group of consecutive Korean patients
who visited a health care centre of Seoul National University Bundang
Hospital with complaint of memory decline. Inclusion criteria for mild
cognitive impairment (MCI) based on Peterson criteria [15], were
as follows: 1) cognitive complaints verified by a collateral source of
information; 2) objectively abnormal cognitive impairment in one or
more cognitive functions; 3) preserved ADL function; 4) normal visual
and auditory functions; 5) no previously diagnosed neurological or
psychiatric diseases; 6) failure to meet the diagnostic criteria of dementia
based on the National Institute of Neurological and Communicative
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Figure 1: Three versions of Trail Making Test. Practice tests of original TMT (a), TMT-Korean Letter (b) and TMT-Black and white (c).

Disorders and Stroke and Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) [16].

The outpatients from a health care centre or caregivers of patients
from Clinical Neuroscience Centre of Seoul National University
Bundang Hospital were recruited as subjects with normal cognition
(NC). Criteria for the NC group were as follows: 1) no cognitive
complaint verified by any measurable information; 2) Mini-Mental
State Examination (MMSE) no more than one standard below the
mean for education and age [17]; 3) absence of significant impairment
in any cognitive functions; 4) preserved activities of daily living (ADL)
[18,19]; 5) absence of medical history that could undermine cognitive
functions [20]; and 6) Geriatric Depression Scale (GDS) of less than 17
on the 30 item scale in the past week, suggesting absence of clinically
significant depression.

After assessing for eligibility test for consecutively recruited 166
subjects, we excluded 51 individuals requiring more than 300 s to
complete any type of TMT-B form and 53 subjects considered to have
probable AD with mild dementia according to the NINCDS-ADRDA
criteria [16]. Finally, this study included 62 total participants, comprised
of 30 cognitively normal controls (NC) and 32 patients diagnosed with
mild cognitive impairment (MCI).

This study was approved by the Seoul National University Hospital
Institutional Review Board and written informed consent was obtained
from all subjects before all procedures. The approval number is “B-
1306/208-107".

Materials

Trail making test: The current study used three different forms of
TMT. This study used 216 x 276 mm (letter size) paper, directions, and
the trace of stimuli, in the same way as the original TMT [21]. The TMT
versions included:

a. The original English version of the TMT (TMT-OR) (Figure 1a)

b. The TMT-Korean Letter (TMT-K) in which English letters are
replaced with Korean letters (Figure 1b)

c. the TMT-Black and White (TMT-B&W), which has white
numbers in black circles and black numbers in white circles
distributed on a test sheet, composed of part A and B (Figure
1c). TMT-B&W part A (TMT-B&W-A) requires participants
to draw a line to connect the 25 encircled numbers in
ascending order without lifting their pen or pencil from
the test sheet, as they complete part A of TMT (TMT-A).
For the TMT-B&W Part B (TMT-B&W-B), numbers from
1 to 25 are presented in white and black backgrounds. The
participant is instructed to connect consecutive numbers,
alternating between white and black circles (i.e., 1(W)-2(B)-
3(W)-4(B)...).

Instructions were conducted in the same manner of the original
TMT. An exercise trial was conducted before the test trial to make sure
each participant fully understood how to do the task. A researcher
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started recording time as soon as the participant put the pen or pencil
on the first circle and stopped measuring time when the pencil touched
the last number. The time taken to complete the task was measured in
seconds and 300 s for each TMT were allowed as maximum time. In
order to control for learning effects, three tests were assigned randomly
to subjects.

Other neuropsychological tests: Given that the intention of the
current study was to determine feasibility of different versions of the
TMT within the context of other neuropsychological evaluation, several
other standard neuropsychological assessment tools that represent
frontal executive function were used. These included Controlled Oral
Word Association Task (COWAT) and Stroop test.

Characteristics con':;rlr?:;m) MCI(n=32) o voreus NG
Age (years) 61.33 £ 6.59 67.06 +9.20 0.006
Gender (%male) 7 (23.3) 22 (68.8) <0.001
Education (years) = 14.57 + 2.86 16.03 + 3.07 0.057
MMSE 28.87 £ 0.90 27.62 £ 1.39 0.004
COWAT-S 22.53+6.11 19.44 + 6.87 0.011
COWAT-P 32.03 £10.28 29.28 £12.08 0.001
Stroop test-W 112.00 £ 0.00 111.94 £ 0.25 0.020
Stroop test-C 105.93 + 8.66 81.44 + 23.46 <0.001
TMT-OR-A 41.63+7.79 49.19 + 15.68 0.003
TMT-OR-B 89.53 +20.64 @ 123.06 + 42.31 <0.001
TMT-K-B 84.63 £22.56 | 114.22 £ 39.94 <0.001
TMT-B&W-A 38.47 £12.73 57.00 £ 21.69 <0.001
TMT-B&W-B 110.30 + 31.93 | 168.91 £ 72.25 <0.001

Abbreviations: NC: Normal control; MCI: Mild Cognitive Impairment; MMSE:
Mini-Mental State Examination; COWAT-S: Controlled Oral Word Association
Test-Semantic word fluency; COWAT-P: Controlled Oral Word Association Test-
Phonemic word fluency;, Stroop test-W: Stroop test-Word reading; Stroop test-C:
Stroop test-Color reading; TMT-OR-A: Original Trail Making Test Part A; TMT-
OR-B: Original Trail Making Test Part B; TMT-K-B: Trail Making Test-Korean letter
Part B; TMT-B&W-A: Trail Making Test Black & White Part A; TMT-B&W-B: Trail
Making Test Black & White Part B

All values except gender represent mean * standard deviation. Significant
difference between MCI versus NC was evaluated adjusted for age, gender and
level of education

Table 1: Baseline demographics and characteristics according to diagnostic groups.

Method

Prior to the test, all participants’ personal information and level
of subjective cognitive impairment was gathered through interview,
and Mini-mental state examination (MMSE) was completed. Each
participant was administered three types of TMT and subsequently
given the neuropsychological test in order to minimize any possible
influence of other neuropsychological tests on TMT performance. All
tests were individually administered.

Statistical analysis

Student’s t-test was used to assess differences in age, education
level. Multivariate analysis of covariance (MANCOVA) test was used to
determine presence of any group differencesin TMT time-to-completion
as well as the results of other neuropsychological test between clinical
groups, with age, education and gender as covariates. The chi-square
(x?) test was used to assess difference in categorical variables. To ensure
construct validity of each TMT, we conducted correlations between the
three types of TMT and other neuropsychological tests using Pearson’s
R coefficient. Receiver operating characteristics (ROC) curves were
obtained to evaluate whether the TMT showed difference in the clinical
groups. All analyses were done with the PASW statistics version 18.0,
with the statistical significance level set to P<0.05

Results

The demographic and clinical characteristics of the participants
are described in Table 1. There were significant differences in age and
gender between clinical groups (p<0.006 and p<0.001, respectively).
Compared to NC subjects, MCI subjects demonstrated significantly
lower MMSE scores, COWAT-Semantic word fluency, COWAT-
Phonemic word fluency scores and Stroop test scores.

The original trail making test

There were significant group differences in time-to-completion
of TMT-OR-A and TMT-OR-B adjusted for age, gender and level of
education (p=0.003 for part A and p<0.001 for part B) (Table 1).

Finally, just 78 subjects out of 113 participants completed the
TMT-OR that overall completion rate of TMT-OR was 69% (Figure 2).
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Figure 2: Completion rate of each version of Trail Making Test according to clinical group.
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According to clinical group, 35 subjects out of 42 completed in NC and
44 subjects out of 71 in MCI completed TMT-OR that completion rate
were 83.3% and 62%, respectively.

Korean version of trail making test

A significant difference in completion time for the TMT-K was
noted between NC and MCI adjusted for age, gender and level of
education. (p=0.003 for part A and p<0.001 for part B) (Table 1).
Regarding completion of TMT-K, 77 subjects out of 113 completed the
TMT-K that overall completion rate of TMT-K was 68.1% that revealed
no difference compared with that of TMT-OR (Figure 2). According to
clinical group, 34 subjects out of 42 completed in NC and 43 subjects
out of 71 in MCI completed TMT-K that completion rate were 81.0%
and 60.6%, respectively that showed no significant difference compared
with those of TMT-OR.

Trail making test-black and white

Time-to-completion of TMT-B&W-A and B differentiated between
NC and MCI adjusted for age, gender and level of education (p<0.001)
(Table 1). Regarding completion of TMT-B&W, 105 subjects out of
113 completed the TMT-K that overall completion rate was 92.9%
that revealed higher rate compared with that of TMT-OR or TMT-K
(Figure 2). According to clinical group, 41 subjects out of 42 completed
in NC and 64 subjects out of 71 in MCI completed TMT-B&W that
completion rate were 97.6% and 90.1%, respectively that showed
significantly higher rate compared with those of TMT-OR or TMT-K
in MCIL

We performed a ROC analysis and estimated the area under the
curve (AUC) to assess the diagnostic utility of three versions of TMT
between MCI and NC. AS described in Table 2, the AUC-ROC were
0.665 and 0.774 for TMT-OR, 0.736 for part B of TMT-K, 0.790 and
0.753 for TMT-B&W. There was no significant difference in AUC value
among three versions of TMT.

According to correlation analysis among age, education and
each version of TMT, NC revealed no significant correlation whereas
negative correlation was observed between TMT performance and age
in MCI patients (Table 3).

Correlations  between  Trail other

neuropsychological tests

Making and

The bivariate analysis of the correlation between the
neuropsychological tests scores showed significant coefficients between
tests scores (Table 4). TMT-B&W significantly correlated with the
TMT-OR or TMT-K. Part B of TMT-B&W also revealed significant
correlation with COWAT and Stroop test-Color reading.

AUC SE 95% Cl
TMT-OR-A 0.665 0.074 0.520-0.809
TMT-OR-B 0.774 0.061 0.651-0.891
TMT-K-B 0.736 0.064 0.611-0.861
TMT-BW-A 0.790 0.058 0.676-0.904
TMT-BW-B 0.753 0.065 0.626-0.879

Abbreviations: AUC: Area Under Curve; SE: Standard Error; Cl: Confidence
Interval; TMT-OR-A: Original Trail Making Test Part A; TMT-OR-B: Original Trail
Making Test Part B; TMT-K-B: Trail Making Test-Korean letter Part B; TMT-B&W-A:
Trail Making Test Black & White Part A; TMT-B&W-B: Trail Making Test Black &
White Part B

Table 2: Comparison of area under curve (AUC) of each version of TMT
distinguishing clinical groups.
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NC (n=30) MCI (n=32)
Age Education Age Education
TMT-OR-A 0.282 0.308 0.488* -0.041
TMT-OR-B 0.243 -0.058 0.513* -0.002
TMT-K-B 0.276 0.007 0.576** -0.046
TMT-B&W-A 0.192 0.206 0.423* -0.077
TMT-B&W-B 0.230 -0.105 0.470** 0.077

Abbreviations: NC: Normal Control; MCI: Mild Cognitive Impairment; TMT-OR-A:
Original Trail Making Test Part A; TMT-OR-B: Original Trail Making Test Part B;
TMT-K-B: Trail Making Test-Korean letter Part B; TMT-B&W-A: Trail Making Test
Black & White Part A; TMT-B&W-B: Trail Making Test Black & White Part B

**Statistically significant, p<0.01; *Statistically significant, p<0.05
Table 3: Pearson correlation among education, age and the indices of TMT.

TMT-OR-A | TMT-OR-B | TMT-K-B | TMT-B&W-A TMT-B&W-B

TMT-OR-A - 0.583** 0.625** 0.586** 0.532**
TMT-OR-B 0.583** - 0.827* 0.547** 0.684**
TMT-K-B 0.625** 0.827* - 0.599** 0.769**
TMT-B&W-A | 0.586** 0.547* 0.599** - 0.559**
TMT-B&W-B | 0.532** 0.684** 0.769** 0.559** -
COWAT-S -0.336** -0.397** | -0.463** -0.378** -0.508**
COWAT-P -0.367** -0.457* | -0.493** -0.388™ -0.343*
Stroop test-W ~ -0.049 -0.057 -0.073 -0.068 -0.123
Stroop test-C =~ -0.455™* -0.605** | -0.644** -0.439* -0.608**

Abbreviations: TMT-OR-A: Original Trail Making Test Part A; TMT-OR-B: Original
Trail Making Test Part B; TMT-K-B: Trail Making Test-Korean letter Part B; TMT-
B&W-A: Trail Making Test Black & White Part A; TMT-B&W-B: Trail Making Test
Black & White Part B; COWAT-S: Controlled Oral Word Association Test-Semantic
word fluency; COWAT-P: Controlled Oral Word Association Test-Phonemic word
fluency; Stroop test-W: Stroop test-Word reading; Stroop test-C: Stroop test-Color
reading

**Statistically significant, p<0.01; *Statistically significant, p<0.05
Table 4: Correlations among neuropsychological tests scores.

Discussion

One purpose of this study was to determine if the original or
Korean version of TMT would suffice for use in the Korean older
adult population, or if there is a need for the development of culture-
fair analogue such as TMT-B&W. Previous study of our team revealed
that TMT-B&W is as reliable as original TMT [14] and current study
focused on the applicability as a tool for early stage of cognitive decline
such as MCI compared to original and Korean version of TMT. The
subjects with dementia were carefully excluded, so we think that our
data can represent of TMT performance of subtle cognitive decline
according to different types of TMT. Although three versions of TMT
tasks discriminated between NC and MCI without significant difference
of in AUC value, the completion rate was quite different.

In comparison to part A of TMT, part B demands set shifting ability
such as cognitive alteration or backward inhibition [8,22,23] that it
is known to be more difficult to perform [24]. Regarding completion
rate of TMT with Korean and English alphabets, although better
performance in writing the Korean alphabet might have been expected,
most of the subjects who could not accurately complete the task in
English alphabet were also unable to complete the task in Korean, and
vice versa. Some previous research [25,26] and this study incorporated
highly-educated subjects (mean of 15.32 years, range 9 to 23)who know
both of Korean and English alphabet showed difficulty in recalling the
order of Korean alphabet as well as English one. So it is possible that
knowing alphabet is one thing and knowing the order of alphabet is
another that two versions of TMT were inapplicable to about 40% of
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MCI patients. Considering these low completion rate of both versions
of TMT using alphabet, the current study suggests that replacing the
English alphabet with Korean letters does not provide greater benefit
in detecting early stage of cognitive impairment in older Korean
adults. Although the original TMT proved to be an effective tool in
differentiation of MCI and NC, it is possible that the application of an
alternative TMT such as TMT-B&W is still needed for those who are
unable to complete the original English or Korean version of the TMT.

It has shown that cultural variables affect cognitive test performance
that a cognitive test does not always measure the same construct
when it is applied in a different cultural context [27]. Like other
neuropsychological tests, TMT may also have limited utility in cross-
cultural setting that a number of modified and alternate forms of TMT
have been made to overcome the shortcomings of original TMT. Oral
TMT does not use pencil and paper and it is performed verbally that
was meant to be free from the cultural bias [28,29]. Expanded TMT
uses clock faces of different times and black dots of different diameter
to systemically varying the stimuli with in the TMT format [30].
Comprehensive TMT with 5 trails was developed to discriminate and
detect the normal population from the patient with cognitive difficulty
that it is more complex than original TMT [31-36]. The Color Trails
Test (CTT) was developed as a culturally fair analogue of the TMT
that does not use any letters except Arabic numbers [37]. Although the
basic designs of the TMT and CT'T are similar, they were not identical
because the trace of the trails was different [38]. The Shape Trail Test
(STT) includes all numbers (from 1 to 25) twice, once in a circle and
once in a square that it is somewhat similar to CTT [39]. Symbol TMT
does use neither letters nor numbers that it can be used with people
that have no familiarity with the Arabic numeric system or a specific
alphabet [40]. Other variants of TMT that used walking [41] or eye
tracking [42] instead of line drawing were also introduced as a tool
to detect dysexecutive function. On top of all the advantages of these
culture fair analogues of TMT variants, TMT-B&W has additional
merit that it is composed of the identical trace to original TMT. And
it is intuitively applicable to patients with cognitive impairment as a
simple but efficient tool by using the contrasting stimuli of black and
white circles with Arabic numbers [14]. Although older subjects known
to perform significantly more poorly than younger subjects in previous
reports with TMT [43-46], the significant negative correlation were
observed between TMT performance and age only in the MCI group
(Table 3). Considering the age of MCI patients was significantly higher
than normal control, the effect of age on TMT performance might
need certain threshold level of age that is in line with the result of other
study [46]. Higher educational level is also important factor to perform
TMT [47,48], but it showed no correlation between educational level
and TMT performance in this study (Table 3). We thought that this
result derived from the higher educational level of our subjects as it was
already reported that the effect of education became apparent only with
poorly educated population.

Conclusion

Results of the current study demonstrate that the TMT-B&W
as well as other TMT using alphabet proved to be sensitive to mild
cognitive decline. Like the original TMT, the TMT-B&W showed a
high correlation with other neuropsychological tests that assess frontal
executive function. As the TMT-B&W was created to address the need
for testing to minimize effects of language that a participant does not
need knowledge of the English or Koran alphabet and the trace and the
test results showed a pattern consistent with the original TMT. Thus, ifa
researcher is inclined to control language effects with higher completion

rate, the TMT-B&W is recommended in the subjects with cognitive
impairment. However, our study had some limitations. Although we
tried to control the demographic variables using MANCOVA, the
significant differences in age and gender between MCI and NC might
have been affected the reliability and reproducibility of the cognitive
outcome measures. We do not have standardized large norm study or
data outside Korea to be a culture-fair test. And this study was focused
on the subjects with relatively higher educational level that further
study with undereducated Korean subjects or norm study across
different countries would be needed to better determine the potential
for more general utilization of the TMT-B&W.
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