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Abstract. The trail-making test (TMT) is a commonly used executive function test in various
populations worldwide. It is also used to assess the dementia population, who experience
impairment in executive function. In Indonesia, the psychometric properties of TMT for healthy
subjects local populations have been reported to be satisfactory. However, there is a lack of
studies on the validity and reliability of the TMT for the dementia population. Here we examined
the validity and reliability of TMT and established population-specific norms for dementia. We
analyzed the TMT scores and three other neuropsychological tests (DSST, DS test, and MoCA)
from 71 subjects with a clinical diagnosis of dementia scores and three other neuropsychological
tests (DSST, DS test, and MoCA) and examined its psychometric properties. The internal
consistency analysis was used to assess the reliability of the TMT, while a generalized structured
component analysis (GSCA) was conducted to examine TMT’s validity in assessing executive
function. The reliability test indicated that the TMT has a high reliability (w = 0.639), while GSCA
revealed that TMT (TMT-A=0.72 and TMT-B=0.573) has high construct validity with three other
neuropsychological tests. Additionally, this study provided standardized norms of TMT for the
dementia population.
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Neuropsychological assessments are used to evaluate cognitive abilities. These tests are highly
practical, allowing professionals to identify irregularities and describe the severity patterns.
Additionally, neuropsychological test plays an important role in establishing diagnoses and explaining
cognitive effects associated with known neuropsychological conditions (Elkana et al., 2015; Zucchella
etal., 2018). Today, there is a growing focus on research about neuropsychological tests. In recent years,
several universities in Indonesia have collaborated to form a neuropsychology consortium, leading to

the development of the Indonesian Neuropsychological Test Battery (INTB), which consists of widely
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used instruments. This test battery comprises ten test kits designed to measure cognitive abilities in
specific brain domains, namely the Boston Naming Test, Digit Span, RAVLT, Five Point Test, phonemic
Verbal Fluency Test, Stroop Colour Word Test, Figural Reproduction Test, Bourdon Wiersma Test,
Token Test, and Trail Making Test (Wahyuningrum et al., 2022).

The Trail Making Test (TMT) is a neuropsychological measurement designed to measure
various domains of executive function, e.g., psychomotor speed, visual attention, cognitive flexibility,
processing speed, sequencing, mental flexibility, and visual-motor skills. The test is used both in the
healthy and clinical populations. The test comprises two parts, TMT-A and TMT-B and is relatively
straightforward to comprehend and administer. In TMT-A, participants are instructed to connect
numbers sequentially (1-2-3, and so forth) using uninterrupted lines at semi-random places on the
test sheet. In TMT-B, participants follow the same instructions but with a combination of numbers
and letters (1-A-2-B-3-C, and so forth) (Bezdicek et al., 2012; MaliSova et al., 2021; Ojeda et al., 2014;
Reitan & Wolfson, 2004; Seo et al., 2006; Siciliano et al., 2019; Specka et al., 2022; Wagner et al., 2011;
Widhianingtanti et al., 2022).

In the neuropsychological testing discourse, psychometric properties of the test are essential.
Analysis and evaluation of the validity, reliability, and standardized norm of an instrument are
vital once the instrument is completed or adapted to ensure its quality (DeVellis & Thorpe, 2022;
Souza et al., 2017). The psychometric properties of the TMT are reasonably well-documented for the
healthy population in Indonesia. Number of studies have consistently reported positive results on
clinical population, such as amnestic mild cognitive impairment (aMCI) and major depressive disorder
population internationally (Bezdicek et al., 2012; Bracken et al., 2019; Malisova et al., 2021; Osuka et al.,
2020; Specka et al., 2022; Wagner et al., 2011; Widhianingtanti et al., 2022). However, there is a lack of
data regarding the psychometric properties of the TMT adjusted for a clinical population with cognitive
impairment in Indonesia. It is important to understand that there are differences between neurotypical
individuals and those with certain cognitive disorders. In this study, it was assumed that neurotypical
individuals would complete the TMT quicker than individuals with cognitive impairments. This
discrepancy results in difficulty in fairly evaluating individuals with cognitive disorders and their
neurotypical counterparts. Therefore, it is necessary to differentiate between "normal" scores for
the neurotypical population and "normal" scores for those with cognitive impairments. Considering
assessment and intervention purposes for the clinical population, the psychometric properties of
the TMT that are available for healthy populations may be unsuitable in clinical settings, therefore,
an adaptation of this instrument for the clinical populations is required (Suwartono et al., 2014;
Wahyuningrum et al., 2022). This population gap can be addressed through categorization tailored
specifically to clinical populations.

Clinical populations with cognitive impairment are diverse in terms of irregularities in
specific cognitive domains. Literature has suggested that dementia is becoming increasingly
prevalent worldwide among clinical subjects with cognitive impairment, specifically among those
with impairment in executive functions (Prince, 2015; Turana et al., 2019). Dementia serves as an

umbrella term for various symptoms associated with impairments typically observed in older adults,
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e.g., Alzheimer’s disease, Parkinson’s disease, as well as vascular and frontotemporal dementia.
Individuals with dementia commonly see accelerated age-related declines in memory function and
cognitive capabilities, with a varying age of onset. This condition is marked by various issues affecting
behavior, memory, and cognitive abilities, resulting in a diminished capacity to perform daily activities.
Dementia has an impact on multiple brain functions, including the executive function. Examples of
impaired executive function in individuals with dementia encompass deficiencies in planning and
decision-making, diminished working memory function and selective attention, weakened attention
to details, failure to ignore distracting stimuli, and compromised manipulation skills (Ashraf & Uddin,
2022; Breijyeh & Karaman, 2020; Kirova et al., 2015; Mendez, 2017; Trull & Prinstein, 2013). A study by
Alzheimer’s Disease International (ADI) in 2015 estimated that 1.2 million people in Indonesia should
have been diagnosed with dementia and this number may rise to 4 million by 2050 (Prince, 2015;
Turana et al., 2019). There is an urgent need for early assessments to enable timely interventions for
people with high risks of dementia before the disorder advances (Suriastini et al., 2018; Sweetasari,
2022).

Identifying the dementia population in healthcare facilities is relatively straightforward. In
Bandung, Indonesia, Hasan Sadikin Hospital has a neurology department that specifically handles
patients with dementia. Staff at this hospital employ diverse assessment techniques, including
neuropsychological tests, e.g., the trail-making test (TMT), digit symbol substitution test (DSST),
digit span (DS) test, and the Indonesian version of the Montreal cognitive assessment (MoCA).
These tests are commonly used in clinical settings for brief assessment. In this study we used
the available neuropsychological test data from the mentioned neurology department. There has
been a lack of routine monitoring of dementia populations in Indonesia aside from Alzheimer’s
Disease International’s studies, which makes it difficult to obtain a large sample for this type of
study. Furthermore, the specific location of this study makes generalization limited to the dementia
population at Hasan Sadikin Hospital.

Motivated by the findings and limitations mentioned above, we studied the psychometric
properties of TMT in a dementia population in Indonesia. This initiative aimed to address gaps
in previous studies” populations and offer preliminary data on adjusted norms. According to our
literature review, there was no data available for the TMT for Indonesia’s dementia population.
‘Empirically approved instruments’ with high-quality psychometric properties can assist clinical
practitioners in conducting accurate assessments and implementing interventions at the earliest stages,

which will help slow the progression of the disease.

Methods

This study adopted a quantitative research approach, employing a non-experimental design. All data
used in this research were secondary data, provided by the neurology department of Hasan Sadikin
Hospital through patient medical records from 2017 to 2021. The dataset included scores from the TMT
Part A and B, DSST, DS Forward, and MoCA. Furthermore, demographic information, e.g., gender, age,
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education level, and diagnosis, were integrated into the dataset.

Participants

The research was conducted at a hospital to specifically target individuals with dementia. Data from
71 patients from 2017 to 2021 were obtained from the medical records of the Hasan Sadikin Hospital,
Bandung. Of the patients, 54.4% were female, aged from 43 to 89 years (M=67.4). Based on the data,
we could conclude that the age range of the patients was relatively broad, spanning from middle
to late adulthood. Participant ages were categorized as follows: 43-49 years, 50-59 years, 60—69
years, 70-79 years, and 80-85 years. The education years of the participants varied, ranging from
6 to 21 years (M=13.1, SD=3.07). Education data were not categorized into specific groups. Most
patients in the study were diagnosed with Alzheimer’s dementia (48.5%). The study adhered to the
ethical guidelines of the Research Ethics Committee at Hasan Sadikin Hospital (research clearance
number: DP.04.03/D.XIV.2.2.1/22583/2023, ethical approval number: LB.02.01/X.6.5/416/2023).

Table 1 provides a demographic overview of the participants.

Table 1

Demographic Data of the Normative Group (N=71)

Variables Category N
Sex Male 34
Female 37

Age 43-49 4
50-59 13

60-69 19

70-79 28

80-85 7

Education (in years) 6 4
9 5

10 2

12 9

15 12

16 14

18 4

21 1

Diagnosis Alzheimer’s Dementia 34
Frontotemporal Dementia 1

Parkinson’s Dementia 5

Vascular Dementia 31

Measures

The assessment was conducted by a medical doctor affiliated with the neurology department at Hasan
Sadikin Hospital. Each participant underwent an evaluation using both segments of the TMT-A and
B. Before the actual test, all participants had the opportunity to practice for both components. In
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TMT-A, participants were instructed to sequentially connect numbers (1-25) within circles without
making errors. For TMT-B, participants were instructed to connect a combination of numbers and
letters (1 to 13 and A to L) within circles without errors as quickly as possible. If an error is made, the
tester corrected it, tallied the total errors, and proceeded with the test without interrupting the time
elapsed. The time limits for Part A and Part B were set at 180 seconds and 300 seconds, respectively.
The other neuropsychological tests used in this study were DSST, DS Forward, and MoCA. Data scores
of these tests were used for validity test, because the DSST also measures executive functions like the
TMT, while the DS Forward measures an element of working memory, often considered as belonging
to the executive function domain (Wulanyani et al., 2024). The MoCA on the other hand, consist
of six subscales measuring various neuropsychological functions (attention via e.g. DS Forward,
executive function e.g. via a short version of TMT B, language, visuospatial functions, memory, and
orientation). The total score of the subtests of the MoCA was used, as commonly done. These other
neuropsychological tests were also administered at the same time by the neurology department staff

at Hasan Sadikin Hospital.

Statistical Analysis

The researchers calculated mean, median, standard deviation, skewness, kurtosis, maximum,
minimum, and percentiles (251, 50", 75') for the entire sample to obtain raw normative data (Table
2). As there was no retest or additional data available, internal consistency analysis was employed to
assess the reliability of the instrument, with cut-off scores 0.6 — 0.8 for high reliability according to
Guilford’s classification for reliability (Divayana et al., 2019; Price, 2017). The analysis was conducted
using Jamovi software version 2.3.24.

Considering the small sample size and the non-normal data distribution, generalized structured
component analysis (GSCA) was performed on the scores of TMT and other neuropsychological tests
(DSST for convergent validity, DS Forward, and MoCA for discriminant validity) to establish the TMT’s
validity as executive function test. The analysis was done using the GSCA Pro software version 1.2.1.0.
GSCA produces optimal estimation results because of its capability to analyze small data samples with
no prerequisite test (Hwang, 2009). All data were standardized into Z-scores to facilitate accurate
comparison and ensure equivalent interpretation. Lastly, the raw scores of the three variables of the
TMT were analyzed using Jamovi’s additional module: cNorms, to generate standardized norms for a
single group for each variable (TMT-A, TMT-B, and TMT B-A).

Results

The researchers analyzed a total of 71 samples. The obtained data consisted of test scores of TMT-A,
TMT-B, TMT B-A (calculated by subtracting TMT-B with TMT-A), DS Forward, DSST, and MoCA.
Demographic data provides information on gender, age, education, and dementia diagnosis. The TMT
data showed no missing scores in the dataset. The mean scores for TMT-A=103 (SD=45.3), TMT-B=252
(5D=65.0), and TMT B-A=149 (SD=58.5), the medium to large SD’s indicate variability within the
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dataset. The skewness and kurtosis of TMT-A indicated a right-skewed distribution (0.470) and a
relatively flat peak (-0.893), while TMT-B showed a left-skewed distribution (-1.04) and a flatter kurtosis
(-0.334). For the TMT B-A scores, data distribution was left-skewed (-0.0847) and showed a flatter
kurtosis (-0.345), suggesting that the obtained data did not follow the normal distribution. Among the
71 data points collected, three samples had incomplete data (lacked DSST scores). Considering that
individuals with dementia disorders might exhibit high scores on the tests, no data were excluded
from the analysis. Table 2 presents score descriptions for the three TMT variables, DS Forward, DSST,
and MoCA (N=71).

Table 2

Descriptive Statistics of TMT, DS Forward, DSST, and MoCA (N=71)
TMT-A TMT-B TMTB-A DS Forward DSST MoCA

N 71 71 71 71 68 71
Missing 0 0 0 0 3 0
Mean 103 252 149 4.25 22.3 15.1
Median 91 300 141 4 22.0 16
SD 45.3 65.0 58.5 1.02 8.79 3.70
Min. 12 85 6 2 0 3
Max. 180 300 288 6 43 25
Skewness 0.470 -1.04 -0.0847 -0.370 -0.0639  -0.496
Std. error skewness  0.285 0.285 0.285 0.285 0.291 0.285
Kurtosis -0.893  -0.334 -0.345 -0.350 -0.285 1.01
Std. error kurtosis 0.563 0.563 0.563 0.563 0.574 0.563
25% percentile 70.0 211 117 4.00 15.0 13.0
50t percentile 91.0 300 141 4.00 22.0 16.0
75t percentile 133 300 195 5.00 29.0 18.0
Reliability

Table 3 presents the results of the internal consistency analysis, which revealed the instrument’s
reliability value. The TMT (Part A and B) was considered to have high reliability (w = 0.653).

Table 3

Internal Consistency of TMT-A and TMT-B (N=71)
Mean SD  McDonald’s w

Scale 178  47.7 0.653

Validity

The construct validity analysis was conducted using the GSCA technique, specifically the basic
GSCA /single group analysis on time scores of the TMT and three other neuropsychological tests:
DS forward (assessing attention and working memory), DSST (measuring processing speed, working
memory, visuospatial processing, attention), and MoCA (memory, executive function, attention,

language, visuo-spatial functions, and orientation). The data were also transformed into Z-scores for
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standardization and to facilitate meaningful comparisons. GSCA does not require the assumption of
data normality so the researchers did not need to perform the normality test. The primary results of

the analysis are presented in Table 4.
Table 4

Results of Component Analysis of Five Neuropsychological Tests (N=71)

Estimate SE 95% CI
ONT w d w c w w c c
DS Forward 0.226 0.339 0.161 0.209 -0.131 0478 -0.134 0.658
DSST 0.751 0.848 0.094 0.091 05 0916 0.606 0.956
MoCA 047 061 0.103 0.119 0.229 0.633 0.324 0.769

TMT
TMT Time A 0.72 0.826 0.088 0.067 0.56 0.93 0.67 095
TMT Time B 0573 0.706 0.101 0.112 0312 0.748 0.378 0.032

Note: ONT = other neuropsychological tests, w = weights, ¢ = loadings. Data were already
standardized using Z-score.

Based on Hwang et al. (2023) recommendation for a small sample size, the model obtained from
GSCA had a good fit (GFI=0.975, SRMR=0.072). The validity analysis also found that TMT-A (w=0.72,
c= 0.826) and TMT-B (w= 0.573, c= 0.706) had satisfying validity. The TMT B-A data were excluded in
the GSCA analyses considering that its inclusion resulted in multicollinearity.

The result demonstrated that the TMT-A (w= 0.72, c= 0.826) and TMT-B (w= 0.573, c= 0.706)
has convergent validity with the DSST (w= 0.751, c= 0.848) and MoCA (w= 0.47, c= 0.61), while DS
Forward (of w= 0.226, c= 0.339) showed discriminant validity toward TMT. However, among the tests,
DS Forward was not found to have significant weights and loadings (95% Cl < 0). This finding indicates
that TMT, DSST, and MoCA measure rather similar elements of executive functions, while the low
weights and loadings between TMT and DS Forward indicate that TMT measures a different construct
as the DS Forward. This confirmed the validity of TMT in assessing a patient’s neuropsychological

condition.

Standardized Norm

The minimum, 251 percentile, median, 75th percentile, and maximum scores of the three TMT variables
(Table 2) were used to establish raw norms or raw scores for the TMT. These values were arranged
into five categories: very high, high, moderate, low, and very low. A higher score reflected a higher
severity of dementia, and vice versa. The raw scores were then processed using a norm score generator
for single groups with the cNorm module of the Jamovi’s software. The output of this process was a
standardized norm in the form of T-scores. The distribution of the scores followed the raw norm
categories in a reverse order, meaning the higher the raw norm score, the lower the standardized norm

score, and vice versa. Table 5 presents categorized raw norms and standardized norms.
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Table 5

Categories of TMT-A, TMT-B, and TMT B-A Scores

Category TMT-A TMT-B TMT B-A
Raw score T-score Raw score T-score Raw score T-score
Very High >180 - - - >288 -
High 134-180 43.8-35.8 >300 - 196 -288 42.3--21.7
Moderate 92-133 50.2-44.0 212-300 56.3-494 142-195 51.2-425
Low 71-91 55.2-50.3 85-211 745-563 118-141 55.1-514
Very Low 12-70 742 -55.1 - - 6-117 744 -55.3
Discussion

The lack of psychometric properties data for neuropsychological tests among the healthy population
in Indonesia has raised concerns among psychologists. This is particularly challenging due to the
difficulty of obtaining similar normative data for clinical populations. While comparable studies had
been conducted internationally, to the best of the researcher’s knowledge, this marks the first instance
of cognitive assessment within the dementia population in Indonesia. It should be noted that the
number of included subjects was not large, therefore generalizability of the outcomes of this research
might be limited and only valid for the dementia populations in Hasan Sadikin Hospital. On the
other hand, dementia is a global phenomenon and there are no indications that the population in
the Hasan Sadikin Hospital is atypical. Furthermore, the dataset encompassed dementia patients
across four years, meaning that the dataset had more spread, particularly the TMT data (SDtmvt-a=
45.3, SDmt.= 65.0, SD17mTB-A= 58.5, SDpS Forward= 1.02, SDpsst= 8.79, SDmoca= 3.70).This indicates
high variability within the dataset and, therefore, the results must be confirmed in future studies using
larger, homogeny and normally distributed samples of the dementia population.

A comparative analysis of the mean and percentile data from this study’s participants on the
three variables of TMT (A, B, B-A) revealed significant deviations from normative performance as
reported in previous literature. The findings suggest markedly reduced cognitive functioning among
participants in this sample. The mean completion time for all three TMT variables in the current study
(M=103, 252, 149) was substantially longer than the normative means reported by Wahyuningrum
et al. (2022) and Widhianingtanti et al. (2022). They reported cut-off scores of 81, 191 and 114 seconds
respectively for the three TMT variables based on a Javanese sample. An analysis of the percentile
distributions further underscores the severity of cognitive slowing in the current sample, indicating
that a significant portion of participants could not complete the task within the limits set by the norm
group. A more detailed comparison with the normative data is less meaningful considering the lack
of age adjusted norms scores for the elder healthy population. These findings demonstrate that a large
part of distribution of scores in this “clinical” samples falls outside the “normal” range established by
prior studies. The consistent deviation across both mean and percentile metrics suggests an obvious
impairment in dementia population compared to healthy population.

The reliability test results showed that the TMT had a high reliability (w = 0.639) when used
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in the dementia population. The findings of this study were similar to its predecessors, which
studied healthy and other clinical populations (Widhianingtanti et al., 2022) reported that TMT-A (rs=
0.76), TMT-B (r;=0.86), and TMT B-A (r;=0.74) for the healthy population in Indonesia had satisfying
intraclass correlation, showcasing their reliability. A study on patients with major depressive disorder
in Germany also found that TMT-A and TMT-B had satisfying reliability (Wagner et al., 2011). Another
study in Japan (Osuka et al., 2020) on older adults found similar results. In the United States, Bracken
et al. (2019) on healthy participants also found satisfying reliability for both TMT-A and TMT-B. Based
on the literature review, a commonality among previous studies is the absence of internal consistency
testing. Most previous studies employed techniques, such as test-retest, alternate form, and intraclass
correlation coefficient (ICC). The findings of this research contribute empirical evidence to enhance the
reliability metrics of several established reliability testing methods. Moreover, the study confirmed
that the TMT maintains a high level of reliability.

The validity test results, obtained through GSCA showed that TMT-A (w=0.72, ¢=0.826) and
TMT-B (w=0.573, ¢=0.706) could effectively asses one of the three recognized component in executive
function, i.e. cognitive flexibility, rather than working memory or the inhibitory control component
in the dementia population (Wulanyani et al.,, 2024). TMT-A and TMT-B also exhibited a robust
association with the DSST (w=0.751, c=0.848). Meanwhile, no significant association was observed with
the DS Forward. The analysis results confirmed the TMT’s construct validity, along with its convergent
and discriminant validity.

Both TMT parts assess psychomotor speed, visual attention, executive function, cognitive
flexibility, processing speed, sequencing, mental flexibility, and visual-motor skills. DSST measures
motor speed, attention, visuoperceptual functions, scanning, writing/drawing, planning, strategizing,
and working memory. The findings of this study underscore that despite measuring different
constructs, both tests can effectively assess executive function, indicating convergent validity. The
results align with Widhianingtanti et al. (2022), confirming that the executive function domain
encompasses multiple cognitive abilities processed simultaneously, without differentiation into
distinct constructs. Primarily the weights of DS Forward and MoCA (w<0.5) indicate no significant
relationship with TMT within the model. This signifies discriminant validity, suggesting that TMT
discriminates and does not measure variables evaluated by DS Forward and MoCA.

However, this contradicts previous research findings about a strong association between TMT
and DS test (Widhianingtanti et al., 2022). To address this contradiction, it is important to comprehend
the three forms of DS tests: Forward, Backward, and Sequence. The present study used the DS
Forward score, while Widhianingtanti et al. (2022) employed DS Backward and Sequence. These
distinct scores involve different cognitive processes. The researchers posited that the score difference
resulted in the insignificant DS Forward. DS Forward is considered more sensitive to the short-term
memory domain and attention, which aligns with the measured constructs (attention and working
memory). Meanwhile, DS Backward and Sequence are presumed to require higher cognitive processes,
contributing to the executive function domain, including sequencing and mental flexibility, which are

less necessary in performing well in a short-term memory test. The MoCA, on the other hand, being
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a concise test measuring different domains, includes the alternating trail-making subtest (similar to
TMT-B, but much shorter), the attention subtest covering DS Forward and Backward and other subtests
that measure other cognitive domains, leading to a low loading factor output. (Carson et al., 2018;
Nasreddine et al., 2005).

Moreover, the method employed in this study differs from previous research. This study
involved a population with more specific disorders, a smaller sample size, and a more flexible
analytical approach, which likely contributed to the divergent results. The contradictory findings
open new opportunities and research areas to further explore the validity of the DS test in measuring
learning and memory or attention. Additionally, it suggests the potential for the DS test to assess
executive function domains, similar to the TMT. The MoCA instrument should be examined further,
such as by analyzing not just the total score, but rather the individual subtest scores in a more granular
manner, comparing them to other assessment tools based on the specific domains measured by each
MoCA'’s subtest.

Despite previous findings, overall, this study demonstrated good validity and reliability of
TMT, allowing the researchers to establish standardized norms for the dementia population, although
with limited applicability to the Hasan Sadikin Hospital setting. The introduction of standardized
norms provides a crucial framework, particularly for clinical practitioners, by establishing a standard
or baseline for more objective, reliable, and accurate evaluations of dementia patients. This finding
represents an important step toward implementing both preventive and curative interventions for
the dementia population. Given the rising prevalence of dementia globally, especially in Indonesia,
it is essential to conduct comprehensive assessments of the severity of the disease in patients.
Such assessments enable clinical practitioners to deliver more appropriate treatments based on the
severity levels. Furthermore, the development of standardized norms for the TMT could be further
extended by considering additional demographic factors, e.g., gender, age, types of dementia, cultural
differences, and educational level. In this way, the TMT—although a relatively simple assessment
tool—could evolve into a more holistic instrument for evaluating executive functions within the

dementia population.

Conclusion

This study offers important insights into the reliability and validity of the TMT for assessing
executive function in Indonesia’s dementia population. The results confirmed the measurement’s high
reliability, consistent with previous studies in healthy and clinical populations. It also confirmed the
measurement’s strong construct validity, supporting its role in measuring various aspects of executive
function, e.g., cognitive flexibility and sequencing.

However, the difference with previous research regarding the relationship between TMT and
DS Forward scores highlight methodological differences, suggesting that while DS Forward measures
attention and memory, other forms of the DS test (backward, sequence) might better assess executive

function. Additionally, the study’s moderate sample size and limited applicability to the dementia
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population at Hasan Sadikin Hospital suggest that future research with larger, more homogeneous
samples is needed to confirm these findings. The establishment of standardized norms for the
TMT within this clinical context represents a crucial step in providing clinicians with a reliable
baseline for evaluating dementia patients. This will support more accurate, objective assessments
and personalized treatment plans, which are increasingly important given the rising prevalence of
dementia in Indonesia. Future research should further explore the impact of demographic factors (e.g.,
age, gender, dementia type) on TMT performance, expanding its use as a more comprehensive tool
for assessing executive function in diverse populations. In conclusion, this study lays the groundwork
for advancing neuropsychological testing in dementia care, offering practical insights into improving

diagnostic and therapeutic practices.

Recommendation

Future research should involve larger, more diverse samples to improve the generalizability of
findings and establish more robust normative data for dementia populations across Indonesia. It is
recommended to further validate the TMT in other clinical populations and settings to expand its
use as a reliable measure of executive functions in dementia patients. Furthermore, development of
the standardized norms for the TMT that consider age, gender, severity and dementia type, culture,
and education level should enhance its applicability across diverse dementia populations. In clinical
practice, practitioners should adopt standardized TMT norms to improve diagnostic accuracy and

treatment planning, supporting individualized care for dementia patients.
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