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Objective: The Trail Making Test (TMT) is commonly used worldwide to evaluate
cognitive decline and car driving ability. However, it has received critique for
its dependence on the Latin alphabet and thus, the risk of misclassifying some
participants. Alphabet support potentially increases test validity by avoiding
misclassification of executive dysfunction in participants with dyslexia and those
with insufficient automatization of the Latin alphabet. However, Alphabet support
might render the test less sensitive to set-shifting, thus compromising the validity
of the test. This study compares two versions of the TMT: with and without
alphabet support.

Methods: We compared the TMT-A, TMT-B, and TMT-B:A ratios in two
independent normative samples with (n=220) and without (n=64) alphabet
support using multiple regression analysis adjusted for age and education. The
sample comprised Scandinavians aged 70-84years. Alphabet support was
included by adding the Latin alphabet A-L on top of the page on the TMT-B.
We hypothesized that alphabet support would not change the TMT-B:A ratio.

Results: After adjusting for age and years of education, there were no significant
differences between the two samples in the TMT-A, TMT-B, or the ratio score
(TMT-B:A).

Conclusion: Our results suggest that the inclusion of alphabet support does not
alter TMT's ability to measure set-shifting in a sample of older Scandinavian adults.

KEYWORDS

trail making test, test-validity, alphabet support, dyslexia, cultural fairness, TMT ratio
score, fitness to drive

1. Introduction

The Trail Making Test (TMT) is one of the more commonly used neuropsychological tests
worldwide (Strauss et al., 2006). It measures visual search, processing speed, and executive
functions (Tombaugh, 2004) such as set-shifting (Misdraji and Gass, 2010; Salthouse, 2011). The
TMT is extensively used as a screening tool for cognitive impairment (Mitrushina et al., 2005)
and for assessing driving ability. In particular, TMT-B is regarded a relevant neuropsychological
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measure for evaluating fitness to drive (Egeto et al., 2019; Holowaychuk
etal, 2020). The widespread use of the TMT, together with its central
and critical areas of use, makes it imperative to improve its validity.

The TMT has been criticized for misclassifying increased time use
by persons with dyslexia or those who have not automatized the Latin
alphabet (Avila et al., 2019), as an executive impairment. Persons who
learned to read and write using non-Latin alphabets may have learned
the Latin alphabet upon immigration to a country that uses this
alphabet. However, they may not have automatized it sufficiently and
thus may be at a disadvantage when tested on set-shifting. The original
TMT consists of Parts A and B. Increased time use when progressing
from Part A, consisting only of numbers, to the set-shifting demands
of Part B, consisting of both numbers and letters, can be misinterpreted
as an executive function (EF) impairment, and not just a lack of
automatization of the Latin alphabet. One way to compensate for this
is to supply alphabet support in TMT-B.

The TMT first appeared in the Army Individual Test Battery
(Partington and Leiter, 1949), and was later included in the Halsted-
Reitan Battery (Reitan and Wolfson, 1985). A modified version of the
TMT was created and included in the Delis-Kaplan Executive
Function System (D-KEFS: Delis et al., 2001). This version included a
letter sequencing condition in addition to the number sequencing
condition. In the present study, we compare the original TMT from
Halsted-Reitan Battery with a revised version of the original TMT
Norwegian Revision-3 (TMT-NR3; Strobel et al., 2018). The revision
includes alphabet support for TMT-B, where the required part of the
Latin alphabet (A-L) is added to the top of the test sheet. However,
there are concerns that the inclusion of the alphabet might
contaminate the test as a set-shifting test and thus reduce the cognitive
complexity of the test.

To investigate whether alphabet support changed the performance
among risk groups or if it contaminated the test for healthy adults,
Egeland and Folleso (2020) compared TMT-NR3 with the D-KEFS
version with no alphabet support. They conducted tests on a
Norwegian clinical sample that included a group with “suspected
dyslexia” They created an index of the discrepancy between the
number and letter versions of the D-KEFS TMT, and this index
predicted a large amount of variance in the letter number version of
the D-KEFS, but almost none of the variance in the TMT with letter
support, that is, TMT-NR3. This implies that the TMT-NR3 is not as
sensitive to difficulties with the alphabet as the D-KEFS version of the
TMT. We still need to compare the revised version with the original
TMT to investigate whether including alphabet support reduces the
test’s cognitive complexity to merely a speeded visual tracking test.

People with dyslexia have been found to spend significantly more
time completing both TMT-A and TMT-B (Lima et al., 2011). Rike
etal. (2019) investigated whether dyslexia and/or the need for adapted
education influenced test performance in TMT-NR3. They found that
neither dyslexia nor the need for adapted education were significantly
related to TMT-NR3 performance. They also suggested that alphabet
support in the revised version made the test more feasible than tests
without alphabetic aid.

In the present study, we compared two groups of older adults aged
between 70 and 84 years. The first group completed the TMT-NR3
with alphabet support, and the second group completed the original
TMT from the Halstead-Reitan battery (Reitan and Wolfson, 1985).
The measures in this study were the TMT-A score, TMT-B score, and
ratio score (TMT-B:A). The TMT-B:A ratio score reflects the increased
complexity of the test when progressing from the first task (TMT-A)
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of drawing lines between successive numbers to the second task
(TMT-B) of drawing lines interchangeably from numbers to letters.
Notably, “the task impurity problem” refers to the problem that
neuropsychological tests are not function pure. This problem is most
evident in testing executive functions that per definition is related to
regulating other processes, such as visual search in the case of
TMT. When the outcome measure is time spend on solving the task,
basal psychomotor speed also influence the score (Burgess, 1997). By
controlling for basal speed in visual search, the ratio score synthesizes
the net effect of the cost of shifting, and thus minimize the “task
impurity” of TMT (Salthouse et al., 2003; Etnier and Chang, 2009) and
is considered a good indicator of set-shifting (Lamberty et al., 1994;
Arbuthnott and Frank, 2000). The ratio score is also found to
minimize the impact of demographic variables such as age and
education on performance (Christidi et al., 2015). Ratios around 2.5
are usually found to indicate normal performance (Siciliano et al.,
2019) and ratios of more than 3.0 indicate set-shifting impairment
(Arbuthnott and Frank, 2000). Therefore, we expect the ratio score to
be a good measure of set-shifting, and also expect the ratio score in
this study to be close to 2.5.

If listing the alphabet on the top of the page reduces the
set-shifting quality of the TMT-B and the test merely focuses on
testing speed and visuospatial processing, this is expected to reduce
the ratio score. Thus, in the present study, we compared the ratio
scores for the two tests hypothesizing that alphabet support will not
change the ratio score.

2. Materials and methods
2.1. Participants

This study included 284 healthy older adults aged 70-84 years old.
Informed consent was obtained from all participants. The participants
were divided into two groups based on the version of the TMT they
completed. The first group (1=220) completed TMT-NR3 and were
from the Norwegian Normative Study of Phonemic and Semantic
Fluency and Trail Making Test (NorFAST). The second group (1 =64)
completed the TMT without alphabet support; these participants were
recruited from two different studies: 40 from the Dementia Disease
Initiation (DDI) and 24 from the Gothenburg MCI study (G-MCI).
The DDI and G-MCI were previously combined in a recent normative
TMT study (Espenes et al., 2020), and TMT performance did not
differ between cohorts.

The recruitment for NorFAST started in 2018 and included
individuals from urban and rural areas in all regions of Norway. The
inclusion criteria were as follows: participants must be home-dwelling,
above 70years old, not have any known neurological or motor
function disorders (self-reported), and have no visual impairment that
cannot be corrected with glasses or lenses. They confirmed that they
did not have any cognitive deficit beyond what is considered normal
aging and that they did not lose their driver’s license for medical
reasons. Inclusion of older adults were challenging and therefore, to
include more participants over the age of 80, we entered into a
cooperation with the municipality of Sandefjord. All home-dwelling
persons above 80 years of age were asked to participate in connection
with planned home visits to all older adults from the municipality’s
health services, thus securing representativeness of the oldest cohort.
For this comparative study, we excluded all participants above the age
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of 84 years from the NorFAST study, as this was the maximum age in
the sample from DDI/G-MCI, resulting in a sample size of 225.
Moreover, three participants withdrew from the study, and one
participant had a history of epileptic seizures and was therefore
excluded. The TMT-NR3 manual sets the time limits to 180s for the
TMT-A and 3605 for the TMT-B. No participant used more than 180s
on the TMT-A, but one of the participants in the NorFAST sample
used more than 360s on the TMT-B (396s) and thus was excluded;
finally, 220 participants were included in the NorFAST study.

Participants from the DDI were recruited between January 2013
and October 2018, and the criteria for inclusion in the DDI study
(Fladby et al., 2017; Espenes et al., 2020) were as follows: participants
must be of ages 40-80years (although some older adults above
80years were also included) and be a native speaker of Norwegian,
Danish, or Swedish. The exclusion criteria were a history of stroke,
severe psychiatric disorder, intellectual disability or developmental
disorders, and severe somatic disorders that may influence cognitive
functions or subjective symptoms of cognitive decline. Participants
were recruited from all Norwegian health regions, primarily through
memory clinics and secondarily through responses to advertisements
in local media. All participants followed a standardized procedure for
assessment, which included standardized neurological and physical
examinations, brief neuropsychological assessments, and medical
history from the participants and informants. Participants were
primarily recruited through spouses and secondarily recruited
through self-referrals (Fladby et al., 2017).

The G-MCI participants were recruited between January 2001 and
March 2014. The G-MCI study recruited healthy controls mainly
through senior citizen organizations; a small proportion were relatives
of patients. The inclusion criteria for healthy controls were similar to
that of the DDI study; however, the age range was 50-79 years.
Individuals with severe somatic diseases and psychiatric disorders that
could potentially influence cognitive performance were excluded. All
participants aged <70years in the DDI and G-MCI samples were
excluded because this was the lowest age in the NorFAST sample.

2.2. Materials

All participants were assessed using TMT-A and TMT-B. In
TMT-A, the test-taker should draw a coherent line as fast as possible
between successive numbers from 1 to 25 on a sheet of paper. In
TMT-B, participants were asked to draw a line interchangeably
between numbers 1-13 and letters A-L. In the version with alphabet
support, the relevant part of the alphabet (A-L) was printed with
4mm tall letters on top of the test sheet. We conducted the TMT in
the NorFAST-study according to the standardized stimulus material
TMT-NR3 (Strobel et al, 2018); meanwhile, the TMT in the
DDI/G-MCI study was administered according to the standardized
instructions described by Strauss et al. (2006). TMT-NR3 was
administered similarly to the original TMT, except that the maximum
time for completion of TMT-B was set to 360s in TMT-NR3 versus
300s in the original. In the DDI/G-MCI sample, no participants
attained the maximum time nor were reported to have aborted the
assignment. The ratio score, TMT-B:A, is calculated by dividing time
use for TMT-B on time use for TMT-B. This to investigate the
relationship between the performance on the two parts of the TMT
and to control for inter-individual differences in basal speed and visual
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search and thus compute a score of the net set-shifting capacity of
the subject.

2.3. Statistical methods

All statistical analyses were performed using R version 4.03 (RS
Team, 2021). Between-group comparisons were performed using
independent t-tests for the continuous variables of age and years of
education. For the t-tests, Cohen’s d effect sizes are reported for the
significant results. For the dichotomous variable “sex,” a chi-square
test was performed. As these analyses found that both age and years
of education differed between the two groups, multiple regression
models with age and years of education as covariates were fitted to
assess possible between-group differences in TMT-A, TMT-B, and
TMT-B:A performance. Due to a departure from normality
(skewness), all TMT measures were log-transformed prior to the
analyses. For these models, continuous independent and dependent
variables were standardized prior to the analyses, and the coefficients
were reported as standardized betas (f3). The corresponding effect sizes
were reported as partial R-square (partial R?). Results were considered
statistically significant at p <0.05. We visually assessed the QQ plots
and residuals versus the predicted values to ensure that the
assumptions of normality and homoscedasticity were not violated.
Table 1 presents the demographic information of the two samples.

3. Results
3.1. Main results
Following adjustment for years of education and age, the

regression models showed no significant differences between samples
for neither TMT-A (f=-0.199, p=0.168) and TMT-B performance

TABLE 1 Comparison of demographics and TMT performance between
NorFAST and DDI/G-MCI sample.

DDI/G-MCI

n=64
Age Mean (SD) 73.09 (2.79) 75.61 (3.99) t=4.73,d=0.56
[range] [70-84] [70-84] (<0.001)
Years of
education Mean 12.38 (3.69) 13.50 (3.25) t=2.37,d=0.28
(SD) [6-24] [7-22] (0.018)
[range]
Female n (%) x> =0.26,

39 (60.94) 124 (56.36)

(0.612)
TMT-A Mean t=-1.38,
41.75 (11.62) 41.78 (16.01)
(SD) (0.168)*
TMT-B Mean t=-0.60,
97.39 (27.25) 101.85 (45.30)

(SD) (0.550)*
TMT-B:A Mean t=0.75,

2.45 (0.82) 2.56 (0.97)
(SD) (0.454)%

n, number of cases; SD, standard deviation; t, t-test statistic; x?, chi-square statistic; d,
Cohen’s d; *#-test statistic for between-group differences derived from the multiple
regression models with age and years of education as covariates.

Bold illustrates significant p-values.
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(f=-0.031, p=0.550) nor TMT-B:A ratios (f=—0.112, p=0.454).
Both ratio scores were close to the expected value of 2.5. Higher
educational attainment was associated with faster TMT-A (f=-0.147,
partial R?=0.02, p=0.012) and TMT-B completion times (f=—0.255,
partial R’=0.07, p<0.001) and slightly lower TMT-B:A ratios
(f=—0.126, partial R?=0.02, p=0.037). In contrast, older age was
associated with slower completion times for both TMT-A (=0.249,
partial R?=0.06, p<0.001) and TMT-B ($=0.26, partial R?=0.07,
p<0.001) but did not significantly influence the TMT-B:A ratio
($=0.032, p=0.607). Figure 1 illustrates the comparison of the
performance of TMT-A, TMT-B, and TMT-B:A ratios in the
two samples.

4. Discussion

The results showed no significant differences between the two
samples tested with versus without alphabet support in terms of
performance on TMT-A, TMT-B, or TMT-B:A. This is important
because it supports the hypothesis that the two versions of the test
should yield the same results for healthy older adults in two
independent normative samples.

The ratio score is of particular interest because it measures
set-shifting and could be contaminated by offering alphabet support.
A lower B:A score on TMT with the alphabet support compared to the
original version suggests that the test could be rendered too easy and
have a reduced ability to measure set-shifting. However, we found
equivalent ratios in both samples at approximately the expected mean
ratio of 2.5 (Siciliano et al., 2019) for healthy adults, supporting the
hypothesis that including alphabet support does not alter the test’s
ability to measure set shifting. Moreover, while age did not significantly
influence the ratio score, education did. This is in line with recent
normative studies (Siciliano et al., 2019; Espenes et al., 2020) and
suggests that as we get older, processing speed declines (Salthouse,
2000), but the decline is slower specifically in executive function
(Albinet et al., 2012).

Recruitment to the NorFAST study was conducted based on
subjective cognitive status and challenges, and this subjective
assessment was our only “measure” of their cognitive level prior to
participation. This could lead to the inclusion of participants with

10.3389/fpsyg.2023.1227578

cognitive impairment, which could again lead to data contamination.
However, recruitment with more comprehensive cognitive testing
might lead to the pre-selection of participants with stronger cognitive
abilities. Moreover, one participant was excluded from the NorFAST
sample based on their TMT performance. The manual was, therefore,
considered as a guideline for cut-off with respect to normal
performance on the TMT and therefore also functioned as a screening
tool for cognitive impairment. Notably, there are very few participants
over the age of 80 in the norming samples in general. As a population,
we are getting older, and we need far more older adults in our samples.
We experienced some challenges in recruiting older participants, and
in cooperation with the municipality of Sandefjord, we learned the
importance of not making the test situation too extensive for test-
takers. The relatively easy and quick implementation of the test was
reported as an important reason why participants agreed to participate.
The D-KEFS version of the TMT includes measures of both letter
sequencing and number sequencing conditions; therefore, contrasting
these measures should give an indication of the participants’ potential
challenge with letters, as is the case in dyslexia, or if the participant has
not automatized the Latin alphabet. However, as Egeland and Folleso
(2020) point out, D-KEFS does not solve the problem with set-shifting,
given that difficulty with the Latin alphabet affected the D-KEFS
version of TM'T-B more than it affected TMT-NR3. Thus, this revision
of TMT may offer a solution to the set-shifting challenge.
using the TMT and other
neuropsychological tests have concluded that participants with

Several previous studies
dyslexia are impaired in set-shifting (Moura et al, 2014). In
contrast, Doyle et al. (2018) reported difficulties with inhibition and
working memory in a group with dyslexia but not with set-shifting.
Ferrara et al. (2022) investigated set-shifting in an adolescent group
with dyslexia on a task recognized as a “pure” measure of
set-shifting. They found that the group with dyslexia had weak-to-
moderate, but significantly weakened, performance on this task
compared to the control group. They also discussed the variety of
findings regarding impaired function related to dyslexia and
pointed out that set-shifting is an ability that changes over the
course of a lifetime, especially at a young age. They suggested that
the large age-gap between participants in different studies of
set-shifting in dyslexia resulted in different findings (Ferrara et al.,
2022). Smith-Spark et al. (2016) investigated adults with dyslexia
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FIGURE 1
Comparison of TMT-A (A), TMT-B (B) and TMT-B:A (C) between the DDI/G-MCI and NorFAST samples. Brackets illustrate non-significant (n.s.) group
differences in performance at a=0.05.
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because they recognized that most of the research on dyslexia and
set-shifting had been conducted on adolescents and children. They
found several difficulties with EF such as working memory,
inhibition, and set-shifting. Participants also reported subjective
difficulties with EF tasks in everyday life. Thus, more research on
adults with dyslexia could be valuable but with methods ensuring
that the reading impairment characterizing the condition is not
confused with EF impairment. Hence, it is important that we, with
the intention of correcting for limited knowledge of the Latin
alphabet, do not underestimate the genuine impairments that must
be considered both in assessing driving ability and for rehabilitation
efforts. This must be kept in mind until additional investigations on
dyslexia further reveal the different underlying deficits in
the diagnosis.

There is an increasing demand for tests to be more culturally fair;
in this respect, this revision of the TMT might be valuable. An
alternative is the Color Trails Test (CTT: D’Elia et al., 1996) which was
developed because of the presumed limited cross-cultural utility of the
TMT (Dugbartey et al., 2000). Dugbartey et al. (2000) compared
TMT-A and TMT-B with the CTT-1 and CTT-2 for a sample of highly
educated non-English speakers. They found significant differences
between TMT-B and CTT-2 but not between TMT-A and CTT-1. The
authors indicated that the CTT-2 is not an equivalent and more
culturally fair version of the TMT, but rather measures different
underlying cognitive skills. TMT-NR3 could therefore have value as a
cross-cultural measure, but future research should investigate
this further.

The purpose of this study was to test whether the TMT with
alphabet support changed the set-shifting quality of TMT-B by
making it more similar to TMT-A. While this study does not find that
to be true, it supports the inclusion of alphabet support in the
TMT. This finding suggests that the TMT’s complexity is not lost or
reduced. The set-shifting quality of the TMT was the same with or
without alphabet support for healthy Norwegian older adults.
Alphabet support in the TMT might retain the validity of the measure
for people with dyslexia and it might increase cultural fairness for
people with insufficient automatization of the alphabet (Egeland and
Folleso, 2020), thereby improving the validity and clinical utility of the
TMT. Furthermore, alphabet support will also contribute to
minimizing the “task impurity” of TMT-B for these participants. The
additional time used to remember the alphabet will be reduced and
therefore make the TMT-B a more “pure” measure of set-shifting.

The latter argument may also be important for clinical studies. The
TMT is often used to stage and monitor patients in clinical trials; for
example, Hajjar et al. (2020) used the TMT as the primary outcome
for executive function in a randomized clinical trial. Therefore,
including patients of different ethnic backgrounds in clinical studies
can present a challenge if the Latin alphabet has not been automatized,
and excluding these patients may pose ethical issues. Minimizing the
“task impurity” and making the TMT more culturally fair can enhance
its relevance and validity in clinical studies.

The main limitation of this study is that we compared data across
different projects, necessitating controlling for educational differences
in the analyses. However, apart from the inclusion of alphabet support,
the two versions of the TMT are identical. Moreover, the
administration of TMT was similar in both groups. One potential
limitation is that the sample sizes differed between the two groups.
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Nevertheless, the smaller secured sufficient

statistical power.

sample size

Another limitation is that the inclusion criteria differed between
the two groups. The first group relied, to a large degree, on self-
reporting of cognitive functioning, and the second group, those who
completed the TMT without alphabet support, were tested with the
TMT as part of a broader neurocognitive battery. The two groups may
have different levels of cognitive function. Therefore, we chose the
same age range for the two groups, and we expected any cognitive
imbalance between the two groups to be visible in the raw and ratio
scores. No differences were observed in the performance of the
two samples.

TMT-NRS3 is a valuable revision that is easy for clinicians to
implement if the participant is considered to be at risk of impaired
performance on the TMT because of dyslexia or insufficient
automatization of the alphabet. Relevant healthcare professionals
can get access to the TMT-NR3 (Strobel et al., 2018) by approaching
the Norwegian National Center for aging and health via email on:
post@aldringoghelse.no. Notably, use of the revised version is not
restricted to these two groups. This study aimed to investigate
whether the inclusion of alphabet support compromised the
complexity of the TMT. In our study, it did not compromise
complexity for the older healthy Scandinavian adults. This indicates
that TMT-NR3 can be implemented for all healthy older
Scandinavian adults. Future research should also investigate whether
this is the case in other age groups. Finally, the Norwegian revision
of the TMT is also valuable outside Norway, as TMT-NR3 is based
on the Latin alphabet, which is the most commonly used script
worldwide (Vaughan, 2020).
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