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Abstract

This research examines the effects of task administration on Trail Making
Test performance. The TMT consists of two parts, TMT Part A and TMT
Part B. Generally, it has been believed that the order the two parts are com-
pleted does not influence test results; however, there is one previous study
that has suggested that the order is indeed an influential factor on test scores.
To measure frontal lobe function, the present study used near-infrared spec-
troscopy to measure changes in oxygenated hemoglobin (oxy-Hb) in 48
young, healthy Japanese subjects as they completed Parts A and B. We sub-
tracted the change in oxy-Hb while completing Part A from that while com-
pleting Part B (B-A Oxy-Hb) for a comparison to facilitate an investigation of
how, or if, the order in which the TMT is taken influences test success. We
found that when Part A was completed first, there were only small changes in
the B-A oxy-Hb, but when Part B was completed first, there were larger
changes. This study indicates that the order the tests are completed in may
influence outcomes, thus assessments using the TMT must follow a consis-
tent task order.

Keywords

Near-Infrared Spectroscopy, Prefrontal Cortex, Trail Making Test, Cognitive
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1. Introduction

The Trail Making Test (TMT) is a frontal lobe assessment battery that is widely

DOI: 10.4236/wjns.2020.101008 Feb. 12, 2020 68 World Journal of Neuroscience


https://www.scirp.org/journal/wjns
https://doi.org/10.4236/wjns.2020.101008
https://www.scirp.org/
https://doi.org/10.4236/wjns.2020.101008
http://creativecommons.org/licenses/by/4.0/

C. Takeda et al.

used in clinical practice. It was developed as part of the US Army Individual Test
Battery [1]. The TMT consists of two parts, TMT Part A and TMT Part B. In
Part A, numbers from 1 to 25 are randomly scattered on a sheet. Subjects are
asked to draw an unbroken line through them in numerical order as quickly and
accurately as they can. In Part B, the instructions are the same, except there are
numbers from 1 to 13 and 12 Japanese characters (letters) randomly scattered on
the sheet, and the line must pass alternately through the figures and Japanese
characters (letters) (e.g., 1, A, 2, B, ...). In Japan, two versions of the TMT are
used in clinical settings: the version in the Halstead-Reitan Test Battery [2] and
the version designed by Kashima et al. [3], which are considered the standard in
Japan.

The test compares brain function in healthy people to functions in people suf-
fering from diffuse cerebral damage, which is associated with low performance
due to injuries to the frontal lobe [4]. In studies where participants performed a
TMT, using functional magnetic resonance imaging (fMRI) measurements,
brain activity was detected mainly in the frontal lobe [5] [6].

In near-infrared spectroscopy (NIRS) measurements, the concentrations of
oxygenated hemoglobin (oxy-Hb) in the frontal lobe were also recorded while
subjects took the TMT Parts A and B. During Part B, higher concentrations of
oxy-Hb were observed than those completing Part A [7] [8] [9] [10], suggesting
that the frontal lobe is activated during the TMT.

Age, intelligence quotient (IQ), and education are believed to influence TMT
performance [11] [12] [13] [14]. In a previous study of TMT performance in
subjects who had no differences in age or education, three additional factors
seemed to also influence brain activation: gender, knowledge of the TMT
(whether a subject had prior knowledge of the task), and whether subjects per-
formed Part A or Part B first [9].

As stated, there is conflicting research regarding whether the order the test is
given in (Part A first or Part B first) affects performance outcomes. The rationale
for claiming that there are differences is because Part B differs qualitatively from
Part A [15]. In a previous study, we identified the order of TMT task perfor-
mance as an influential factor in performance by measuring changes in oxy-Hb
before and after task performance [9]. However, we did not compare perfor-
mance on Part A and B directly. If the order does affect performance, it may also
influence the interpretation of the results. Thus, in the present study, we ex-
amined how the order of TMT test administration influences TMT performance

in detail.
2. Methods

2.1. Subjects

The subjects were 48 healthy, right-handed Japanese adults who ranged in age
from 20 to 29 years old. There were 24 males and 24 females, with a mean age of

22.8 * 2.5 years, and the mean years of education years of 16.0 £ 1.2 years. They
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signed informed consent forms after the procedures were explained. Their visual
acuity was normal, and none had any medical history, such as neurological dis-
orders, that would have influenced the data collected in this study. The protocol
for this study was approved by the Ethics Review Board of the Medical Research

Division, Kanazawa University (No. 252).

2.2. NIRS Measurements

The ETG-4000 near-infrared Spectroscopy System (NIRS) (Hitachi Medical
Corporation, Tokyo, Japan) uses two wavelengths of near-infrared light, 695 nm
and 830 nm. The ETG-4000 was used to measure areas of the brain in both he-
mispheres. Fifteen probes were placed in each hemisphere (8 emission and 7 de-
tection probes) (Figure 1). It was possible to obtain measurements from 22
channels in each hemisphere, yielding measurements from 44 channels. Of these
channels, data from 24 gray channels were used to monitor prefrontal cortex ac-
tivity (Figure 2). To unify the measurement sites, the lowest row of emission
and detection probes was placed on a line connecting T3 with T4, which was de-

scribed in the international 10 - 20 electrode system used for electroencephalo-
graphy.

2.3. TMT

In this study, we used Kashima’s version of the TMT (Figure 3). In both Parts A
and B, we created two patterns of TMT with a new arrangement, which referred
to Kashima’s TMT in consideration of the learning effect. In addition to TMT of
Kashima, each part used 3 patterns of TMT as a subject. A pilot test found no
difference in the subjective degree of difficulty or performance time among these
tests. The subjects were divided randomly into two groups initially assigned to
perform either TMT Part A or B (Group 1 and Group 2, respectively). Both groups

Figure 1. Positions of the NIRS probes. To unify the measurement sites, the lowest row of
emission and detection probes were placed on a line connecting T3 with T4, which are
described in the international 10 - 20 electrode system used for electroencephalography.
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Figure 2. Measurement channels. In this, the gray part represents the frontal lobe; O
represents emission probes; and @ represents detection probes.
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Figure 3. Trail making test.

had the same number of participants. A distinction was also made between par-
ticipants who were not familiar with the TMT (Uninformed group) and anyone
who had previously taken it (Informed group). The number of participants in
the Uninformed and Informed sub-groups in Groups 1 and 2 was equal. The
male-to-female ratio was 1:1 for all groups. There is no difference in education

level among all groups.

2.4. Research Design

Participants were instructed to perform the TMT with a pencil sitting at a desk
in a quiet room, just as the test is given in clinical practice. Because a previous
study reported that (head movement), cephalic motion-related changes in cere-
bral blood flow [16] had a bearing on TMT outcomes, so in the instant study,
cephalic motion was restricted using a jaw rest. During the rest periods, the sub-
jects were also instructed to gaze at a green point on the desk without moving
their heads. They were also given three-minute rest periods between sessions
during which they were fitted with neural probes.

The organization of the measurement session was as follows: Session 1 was
comprised of a 10-second pre-scan, followed by alternating four 60-second rest
periods with three 30-second performance periods.

During the performance periods, the subjects performed the task three times
in one session. Sheets of paper were placed in front of the subjects immediately
before each task began. The subjects started the TMT on a pre-agreed verbal cue,
“please start”. After 30 seconds, they were asked to, “please stop”. Then the
proctor collected the test sheets.

Typically, when administering the TMT, the interval required to complete the
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tasks is recorded. However, in this study, the number of tasks that were accom-
plished within 30 seconds was recorded because the NIRS was used for mea-
surements. A previous study showed that the number of Part B tasks completed
within 30 seconds was significantly smaller than the number of Part A tasks [8].
This was consistent with the finding that Part B took longer for participants to
complete [5]. Therefore, a similar method was employed in this study. The

number tasks completed in 30 seconds was designated as the TMT score.

2.5. NIRS Data Analysis

Any relative changes in concentrations of oxy-Hb were measured. Before the
start of a session, data was collect for ten seconds on the rates of change in
oxy-Hb levels. Data was collected during the 30 seconds of the test and for the 50
seconds after three rounds of tests completion; then collected data was averaged.
Subsequently, we conducted a zero-point correction so that the mean rate of
change for the ten seconds before the start of the test was set to zero. To calcu-
late the differences between the oxy-Hb levels for Parts A and B, the oxy-Hb lev-
el following completion of Part A was subtracted from the oxy-Hb level follow-
ing completion of Part B. Subsequently, the mean rate of change in the oxy-Hb
level for the 30 seconds of test activity was calculated for each channel (B-A)
(Figure 4).

2.6. Statistical Analysis

The mean TMT scores for the groups were compared in order of TMT test order
using an unpaired Student’s t-test, with p = 0.05 set as the significance threshold.
In both TMT test order groups, the mean changes in the oxy-Hb level of B-A for
each channel were calculated for the t-test with a null hypothesis of HO: x = 0.
Multiple regression analyses were performed to investigate oxy-Hb changes
(B-A) using the order the TMT was performed (order), prior knowledge of the
TMT (knowledge), and gender as independent variables. Statistical analysis was
performed using JMP® 10 statistical measuring software (SAS Institute Inc.,
Cary, NC, USA).

3. Results
3.1. TMT Scores

TMT score indicates the number of TMT targets that can be reached in 30
seconds [8] [9]. To measure changes in B-A oxy-Hb levels, multiple regression
analyses were performed on the three factors as independent variables: gender,
prior knowledge of the TMT, and the order in which the parts of the TMT were
administered.

The mean Part A scores were 17.0 £ 3.0 in Group 1 and 17.0 + 2.9 in Group 2,
showing no significant difference between the group scores (t = —0.034, p =
0.974). The mean Part B scores were 14.5 + 2.8 in Group 1 and 12.6 + 2.7 in
Group 2, demonstrating a significant difference (t = —2.424, p = 0.024).
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Figure 4. Processing method for the NIRS data. Average = (the rates of change in the oxy-Hb level for 10 seconds be-
fore the start of the test, 30 seconds during the test, and 50 seconds after its completion for three times)/3. After ze-
ro-point correction = (average) — (the mean rate of change in the oxy-Hb level for 10 seconds before the start of the
test); the gray hatched areas represent performance periods.

Table 1. Results according to the factors from changing B-A oxy-Hb levels in Left Ch.

Ch factor R’ i3 P value
1 Order 0.124 -0.337 0.021
2 Order 0.107 -0.316 0.032
3 Order 0.173 -0.401 0.005
4 Order 0.32 -0.54 <0.001
5 Order 0.2 -0.413 0.004
7 Order 0.096 -0.307 0.038
8 Order 0.248 -0.467 0.001
9 Order 0.242 -0.45 0.001
10 Order 0.57 -0.375 0.01
11 Order 0.112 -0.289 0.048

12 Order 0.22 -0.423 0.003

13 Order 0.208 -0.4 0.005
14 Order 0.169 -0.354 0.017
15 Order 0.142 -0.356 0.014

18 Order 0.218 -0.424 0.003

Multiple regression analyses were performed to investigate oxy-Hb changes (B-A) using the order the TMT
was performed (order), prior knowledge of the TMT (knowledge), and gender as independent variables.
Multiple regression analysis was performed on all channels (n = 48). In the table, only the channels with
significant differences are shown. Independent variables selected by multiple regression analysis (factor),
contribution ratio (R?), standard B (f) and p values are shown for each channel. The table shows channels
where significant differences were found. Underlined channels correspond to the prefrontal cortex. Ch =
channel; order = the order the TMT was performed.
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3.2. Changes in B-A Oxy-Hb Levels by Channels

Group 1 showed no channels that increased in oxy-Hb levels. In Group 2, sig-
nificant increases were detected in Channels 1, 2, 3, 4, 5, 7, 8, 9, 10, 12, 13, and
18 on the left side of the brain and in Channels 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 15, 16, 17, 18, 19, 20, and 22 on the right side of the brain. In contrast, signif-
icant decreases in B-A oxy-Hb levels were detected in Channels 11, 15, 18, and
19 on the left side and in Channels 1, 6, and 11 on the right side in Group 1 par-
ticipants; however, in Group 2, no channels recorded decreased oxy-Hb levels in
any of the participants. These results indicate that brain activation was higher
during Part A than during Part B in Group 1 and higher during Part B than
during Part A in Group 2.

3.3. Changes in B-A Oxy-Hb Levels for Additional Three Factors

Multiple regression analysis was performed on all channels. Most independent
variables selected as factors affecting oxy-Hb change were in the order of the
TMT.

For the order in which the tasks of the TMT were administered, significant
changes were detected in Channels 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15 and
18 on the left side (Table 1) and in Channels 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,
15, 16, 17, 18, 20, 21 and 22 on the right side of the brains of participants (Table
2). Channels corresponding to the prefrontal cortex were identified as Channels
3,4,5,7,8,9, 12, 13 and 18 on the left side and Channels 1, 2,5, 6, 7, 10, 11, 15,
16 and 20 on the right side. The oxy-Hb level was significantly higher in Group 2
than in Group 1.

There were significant knowledge of the TMT influences on oxy-Hb changes
in Channel 9 on the right side (Table 2), and oxy-Hb levels were significantly
higher in uninformed group than in informed group. Prior gender had no in-
fluence on oxy-Hb changes.

Table 2. Results according to the factors from changing B-A oxy-Hb levels in Right Ch.

Ch factor R? i3 P value
1 Order 0.307 -0.552 <0.001
2 Order 0.17 -0.412 0.004
3 Order 0.139 -0.362 0.013
4 Order 0.133 -0.335 0.021
5 Order 0.268 -0.5 <0.001
6 Order 0.232 -0.48 0.001
7 Order 0.154 -0.392 0.007
8 Order 0.105 -0.32 0.303
9 Order 0.226 -0.364 0.009

knowledge 0.304 0.027
10 Order 0.184 -0.418 0.004
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Continued
11 Order 0.309 -0.529 <0.001
12 Order 0.157 -0.39 0.007
13 Order 0.196 -0.437 0.002
15 Order 0.235 -0406 0.003
16 Order 0.171 -0.398 0.006
17 Order 0.171 -0.408 0.005
18 Order 0.161 -0.375 0.009
20 Order 0.119 -0.327 0.027
21 Order 0.127 -0.327 0.025
22 Order 0.138 -0.367 0.014

Multiple regression analyses were performed to investigate oxy-Hb changes (B-A) using the order the TMT
was performed (order), prior knowledge of the TMT (knowledge), and gender as independent variables.
Multiple regression analysis was performed on all channels (n = 48). In the table, only the channels with
significant differences are shown. Independent variables selected by multiple regression analysis (factor),
contribution ratio (R?), standard 3 (f) and p values are shown for each channel. The table shows channels
where significant differences were found. Underlined channels correspond to the prefrontal cortex. Ch =
channel; order = the order the TMT was performed; knowledge = prior knowledge of the TMT.

4. Discussion

The order of administration of the parts of the TMT affected the oxy-Hb levels
of B-A in various NIRS measurement channels. When the brain familiarizes it-
self with a task, cerebral blood flow decreases in the prefrontal cortex and sup-
plementary motor area [17]. After a task is learned, cerebral blood flow decreas-
es in the region of interest whenever the task is performed again [18] [19]. Thus,
there is some consensus that brain activity decreases in the affected area after
learning a task. In Group 1, participants performed Part A, a relatively easy task,
first. This facilitated learning how to efficiently search for targets and connect
them in order. Then they performed Part B, a more difficult task. But because of
their previous experience with Part A, Group 1 was able to perform Part B
smoothly. Thus, we conclude that oxy-Hb levels in the prefrontal cortex were
higher in Part A than in Part B because of the previous learning experience;
therefore, the TMT Part B score was higher in Group 1 than Group 2. In con-
trast, Group 2 performed Part B first, which made it harder for them to learn the
strategy to successfully complete the TMT under the applied test condition of
time constraint/activities completed used for scoring. As a result, B-A oxy-Hb
levels were higher in Group 2 than in Group 1 as they did not have the benefit of
learning one part before having to complete all parts of the TMT. Furthermore,
brain activation occurred during the whole measurement range in Group 2, but
not in Group 1. These results are consistent with the findings from a study of a
word fluency task, where oxy-Hb increases in subjects with low performance
tended to be higher than for subjects with a high performance level, perhaps be-
cause the former solved problems less efficiently and thus exerted greater effort.

As a result, their cerebral blood volume was higher [20]. In this study, we con-
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clude that effort in task performance causes widespread brain activation.

The findings of the instant study contradict the assertion of Toyokura et al,
[15] that the performance order of Part A and Part B does not affect test results.
The instant study finds that following a consistent task order when using the
TMT in research is likely an important factor in producing scientific results that
can be compared with confidence across disciplines. TMT Part A and B are use-
ful tests that can evaluate frontal lobe function. Therefore, it is important to fol-
low the order of TMT in interpreting the results.

In the instant study, previous knowledge of the TMT was found in only one
channel for oxy-Hb levels; Channel 9 in right area. This is consistent with our
previous study [9]. However, since it is a site other than the frontal area and only
1Ch, the experience may not have much effect. Gender did not affect the levels
of B-A oxy-Hb. This suggests that the analyses of B-A oxy-Hb are not affected by
gender. Previous studies have produced mixed results regarding gender differ-
ence in TMT performance. Some have produced indications that gender has an
effect on performance, while others reported no gender effect [8] [13] [21] [22]
[23]. Therefore, no conclusive gender effect was identified.

NIRS can detect changes in blood volume in the cerebral cortex with high
temporal resolution using near-infrared light of two different wavelengths. It is
non-invasive to the human body, operates quietly, and can be measured in a sit-
ting position. Since the attention function is required like TMT, NIRS measure-
ment is useful for tests that are recommended to be performed in a chair sitting
in a quiet environment. NIRS is a tool that can be safely and easily measured
when examining brain activity during task performance that cannot be deter-

mined by task performance alone.
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