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Summary—The speed of performance on Part A, Part B, and on an experimental
version containing alphabetical series (Part A Alphabetic) of the Trail Making Test
was studied with 19 children with reading disabilities and 34 controls from Grades 4
to 6. When the test was used in discriminant profile fashion, children with reading
disabilities showed a deficit compared with control children on Part B relative to Part
A but did not relative to the new Part A Alphabetic. The results indicate that the
performance of the children with reading disabilities on Part B is likely to be affected
by their slowness on the alphabetical series. Based on these results we recommend
that the speed of following the alphabetical series be assessed when using Part B of
the Trail Making Test.

The Trail Making Test was originally used in neuropsychological assess-
ment of adults, and a shortened version of the test has become a part of
neuropsychological batteries for children (Reitan & Wolfson, 1992; Rourke,
Bakker, Fisk, & Strang, 1983). The test has two parts, Part A and Part B. In
Part A the subject has to connect numbered circles in numerical sequence,
in Part B the task alternates between numbers and letters. The two parts of
the test require different skills, Part A being simpler and Part B requiring
more information processing (Spreen & Strauss, 1991). Davison (1974) in
organizing neuropsychological tests for children into definable categories
places Part A under a rubric of visuospatial and visuosequential abilities,
and Part B into a cluster of tests requiring concept formation, reasoning, or-
ganizational ability, and flexibility in applying principles. In factor analytic
studies (O’Donnell, MacGregor, Dabrowski, Oestreicher, & Romero, 1994;
Shute & Huertas, 1990) Part B has variance in common with the Wisconsin
Card Sorting Test and Category Test, both requiring concept-formation.

The abilities needed to complete Part B (organized visual search, main-
taining and following through a plan, set shifting, and inhibitory capacity)
associate the test with the skills defined as executive functions. Such func-
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tions are seen as responsible for goal-oriented behavior based on planning,
employment of strategy, control of impulse, and organized search (Welsh,
Pennington, & Groisser, 1991). Anatomically, executive functions have been
related to functioning of the frontal lobes (Luria, 1980). By their very nature
executive functions are domain-general (language, visuospatial, etc.) top-
down functions. Any method of assessment, however, also includes domain-
specific components as the material upon which the executive functions
work, and consequently, poor performance on a test of executive function
can also result from inadequate domain-specific components.

Attention Deficit Hyperactivity Disorder (ADHD) has been connected
with frontal lobe dysfunction reflected in inferior executive function (e.g.,
Conners & Wells, 1986; Denckla, 1994). This connection has also gained
empirical support (e.g., Barkley, Grodzinsky, & DuPaul, 1992; Pennington,
Groisser, & Welsh, 1993), and it is within this framework that the Trail
Making Test has been used in research on learning disabilities (Boucugnani
& Jones, 1989; Gorenstein, Mammato, & Sandy, 1989; McGee, Williams,
Moffitt, & Anderson, 1989). However, children with learning disabilities
form a heterogeneous group for whom comorbidity of different learning and
attention problems is common (e.g., Shaywitz & Shaywitz, 1991). Academic
difficulties are associated with deficiencies in various cognitive domains, and
these deficiencies may affect scores on tests of executive function and com-
plicate their interpretation. For this reason the assessment of executive func-
tions in these populations requires a careful assessment of the component
skills of the tests of executive function.

Concerning the complex nature of Part B Rourke and Finlayson (1975)
have shown that the deficits associated with poor performance on Part B dif-
fer from those on Part A for children with learning disabilities. Those chil-
dren who show deficits on both Part B and Part A exhibited higher Verbal
- IQ on the WISC relative to Performance IQ, and children whose perform-
ance on Part A was within a normal range but who scored more poorly on
Part B exhibited higher Performance than Verbal IQs. Also, the other mea-
sures used indicated that the deficits of the former group were confined to
visuospatial and visuomotor skills, while the latter group showed deficits in
verbal and language-related abilities. Rourke and Finlayson concluded that
for the children whose performance on both Part A and Part B was defi-
cient, the limiting factors may be visuospatial and visuomotor skills, and for
the children who had poor performance on Part B but normal performance
on Part A the crucial factor may be deficient verbal skills. Not explicitly
stated, but inferred was that, if the more basic skills required on Part B
(those used on Part A) had not been controlled, the interpretation of poor
performance on Part B would have been obscured by deficient domain-spe-
cific functions. '
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The main component in Part B which is not controlled in Part A is the
speed of following the alphabetical series. The possibility that this may play-
a significant role arose in a study by Nirhi and Ahonen (1995) who used
Part B as a measure of executive functions to study cognitive deficits associ-
ated with reading disabilities and ADHD. There were no differences be-
tween the studied groups (reading disabled, ADHD, comorbid, reading dis-
abled + ADHD vs Clinical controls) on measures of executive function. This
contrasted with the hypothesis that executive function deficits are specific to
children with pure ADHD. The performance of all groups on measures of
executive function was lower than the normative mean for their ages. It
seemed probable that the inferior performance on Part B was due to various
factors in different clinical groups. For the children with reading disability,
it was hypothesized that their difficulties on the task might reflect problems
in following the alphabetical series.

It seems that no single test can be considered to measure specifically
the functions of the frontal lobes (for review see Reitan & Wolfson, 1994).
Concerning Part B of the Trail Making Test evidence is convincing that the
test is sensitive to disordered brain functions resulting from cerebral lesions,
but that the test does not measure deficits specific to lesions of the frontal
lobes (Reitan & Wolfson, 1995). Denckla (1994, 1996) has addressed the
rationale for the assessment of executive functions. She proposed that execu-
tive functions can be assessed by using two tests within one cognitive do-
main, a simpler one as a baseline measure, and a more complex one taxing
subjects’ abilities to organize and employ strategies. If the performance on
the more complex task is inferior to normative data, relative to that on the
simple task, one can suppose that it is the result of deficient executive func-
tions. The Trail Making Test seems to fit into this framework in that of the
components needed to complete successfully the more complex Part B, visu-
al and motor skills as well as the speed of following the numerical sequence
all are assessed with Part A. The main unassessed component needed in Part
B is the speed of following the alphabetical sequence.

Keeping in mind Denckla’s (1994, 1996) suggestions about using a dis-
criminant profile in the assessment of executive functions, we looked to see
if children with reading disability are slower in following the alphabetical se-
ries relative to the numerical series and also relative to control children. If
so, what is the effect of this upon the interpretation of performance by these

children on the Trail Making Test Part B.

MEeTHOD
The test versions were the standard Part A and Part B of the Trail
Making Test (Reitan & Wolfson, 1992), and an experimental alphabetical
version of Part A (Part A-Alphabetic) which includes letters from A to O,
and in a training part, letters from A to H. The Part A—Alphabetic was ad-
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ministered in the same manner as Part A and Part B. In the training section
the task was introduced to the subject, and possible mistakes were pointed
out and explained. After successtully completing the training task, the test
version was presented. Each mistake was immediately pointed out and the
subject was instructed to continue from the point where the mistake oc-
curred. The scores used were the times taken to complete the version. The
administration and scoring procedure are described in detail by Reitan and
Wolfson (1992). To ensure that the possible practice effects are similar for
all children the order of presentation was held constant (Part A, Part A-Al-
phabetic, and Part B).

The reading disabled sample consisted of 19 children from Grades 4 to
6 referred to the child neuropsychological clinic of the Niilo Miki Institute
for the assessment of learning difficulties. From the consecutive referrals to
the clinic we selected the sample with the following inclusion criteria: the
child was attending regular school, either Verbal or Performance 1Q of the
WISC-R (Wechsler, 1974) was above 80, and the score on one of the two
text reading tests was at least 1.5 standard deviations below the expected
grade or age mean of the test presented to the child. The reason for using
two different tests is that the text-reading test used in the clinic was changed
during the data collection. Of the subjects 13 were diagnosed on the basis of
a text-reading test normed for each age (Niilo Miki Institute, 1992) and 6
were diagnosed on the basis of a text-reading test normed for each grade
(Niilo Miki Institute, 1994). For both tests a score of correctly read words
per time unit was the score used in the diagnosis. The mean z score on the
text-reading task for the sample was —3.3 (§D=1.1). The Trail Making Test
was administered as part of a neurocognitive evaluation of each child.

For the control group we selected one class from Grades 4 and 6, and
those children (7 =34) whose parents provided a form for written consent
participated. According to the teachers none of the children had learning dis-
abilities. Also, according to the teachers, the classes selected represented an
average school performance and no systematic selection in that term took
place when some of the children were excluded due to missing permission
from the parents. The testers were three psychology students who were care-
fully trained in administering the test.

REesutrs
The means and standard deviations for times to complete the Trail
Making Test versions are presented in Table 1. The WISC-R IQs of the
children with reading disability were well within the normal range (Full scale
IQ M=945, §SD=9.7; Verbal IQ M=92.8, §D=9.4; Performance IQ M=

97.7, SD=11.9). The sex distribution was much more even in the control
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TABLE 1

MEeaNs AND STANDARD DeviaTions For Grouprs ofF TiMEes TakeN TO COMPLETE
PARTS A, A-ALPHABETIC AND B OF THE TralL MakING TEST

Variable Children With Control Children
Reading Disabilities n=34
n=19 M SD
M SD
Age, mo. - 135.0 9.6 140.9 12.3
Part A 21.1 7.7 217 6.5
Part A-Alphabetic 35.1 17.2 27.4 12.2

Part B 55.8 234 41.9 15.0

group (19 boys, 15 girls) than in the reading disabled sample (18 boys, 1
girl). However, the sex differences in the control sample were statistically
nonsignificant for all versions of the Trail Making Test by independent-sam-
ple, two-tailed ¢ test, and this finding is consistent with other data (Reitan &
Wolfson, 1992). Sex was not considered in the further analysis.

The children with reading disability were on the average six months
younger than the control children. Although this difference was statistically
nonsignificant on a two-tailed ¢ test, to avoid the possible effects that age
could have on the results we used age as a covariate in all subsequent analy-
ses and for all main and interaction effects.

To study the speed of following the numerical and alphabetical series in
the groups children’s scores on Part A and Part A-Alphabetic were sub-
jected to a 2 (group) by 2 (version) mixed-model analysis of variance design
with version as a within-subject factor. Both main effects were nonsignifi-
cant, while the group by version interaction was significant (F, ;,=4.34, p<
.05). The interaction indicated that, while performing at the same level as
control children on Part A, children with reading disability were inferior on
Part A-Alphabetic (see Table 1).

A similar mixed-model analysis-of-variance design is a valid way of com-
paring discriminant profiles of different groups on the baseline and complex
versions of the task. In the analysis the interaction of group by version is a
measure of whether the complex task is more difficult than the baseline mea-
sure in one group relative to the other. To study the effect of Part A and
Part A—Alphabetic on the interpretation of scores on Part B separately, two
2(group) by 2(version) mixed-model analysis-of-variance designs with version
as a within-subject factor were carried out, first between scores on Part B
and Part A and then between scores on Part B and Part A-Alphabetic. In
the analysis between Part B and Part ‘A the main effect for group was non-
significant, the main effect for version was significant (F,;,=16.12, p<.001),
and of most interest, there was a significant interaction for group by version
(F50=6.87, p<.05). Between Part B and Part A-Alphabetic the analysis
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showed significant main effects for group (F,,,=5.10, p<.05), and for ver-
sion (F,5,=6.51, p<.05), but the interaction for group by version was not
statistically significant (F,;,=0.42, p=.52). The differing results of the inter-
action for group by version in the two analyses show that whether children
with reading disability are deficient relative to controls on Part B is depen-
dent on the baseline measure used.

Discussion

Children with reading disability, while performing Part A at the same
speed as control children, were inferior in following the alphabetical se-
quence on Part A~Alphabetic. When used as a discriminant profile the com-
parison between Part B and Part A showed that children with reading dis-
ability show deficits relative to control children but did not when the per-
formances on Part B and Part A~Alphabetic were compared. If only Part A
had been used in conjunction with Part B, the conclusion about the group
comparison on scores of different versions would have been that children
with reading disability, relative to control children, have problems in set-
shifting and organization. When Part A~Alphabetic was also used, it may be
concluded that there is no such difference. Considered together, the differ-
ing results using the two baseline measures lead to the conclusion that the
poorer performance of children with reading disability show on Part B is
due to the difficulties they have in following the alphabetical series.

There are some possible artifacts that could have affected the results.
The structural nonequivalence of Part A and Part B has been noted by Ros-
sini and Karl (1994) who noted that the circles are further apart in Part B
than in Part A. There is also a structural nonequivalence between Part A
and Part A-Alphabetic, the circles being 17% further apart in Part A-Alpha-
betic than in Part A. We re-ran the analysis using a length-corrected score
(time taken to complete the version divided by the length of the version). In
these analyses the results remained the same. When comparing the interfer-
ing stimuli in the same way as presented by Gaudino, Geisler, and Squires
(1995) (number of incorrect targets within 3 cm of the correct path) both
Part A and Part A-Alphabetic had 13 interfering stimuli, suggesting that this
is not the factor which makes Part A~Alphabetic more difficult. To avoid
this possible artifact completely one should study the effect of versions with
visually identical forms containing different series. However, it seems that
these interfering factors are not responsible for the results.

Lezak (1983) proposed that the time scores obtained on the Trail Mak-
ing Test may not be reliable since they are partly based on the times taken
to notice an error and having it pointed out by the examiner. To study the
possible effect of different testers the scores of the control group on Part A,
Part A-Alphabetic, and Part B were subjected to separate analyses of vari-
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ance. The effect for testers was not significant for any of the versions, sug-
gesting that the scores did not include tester-dependent variance.

The absence of scores on the text reading test for the control sample is
a clear methodological weakness of the study. Although according to the
teachers there were no children with marked learning disabilities in the con-
trol group, it is possible that some of the children had mild reading diffi-
culties. Should this be the case it seems that the present results are not seri-
ously weakened, since the inclusion of children with reading disability in the
control sample would not increase but decrease the group-dependent differ-
ences between Part A and Part A-Alphabetic.

The difficulties that the children with reading disability have on Part
A—Alphabetic relative to Part A may be explainable by the difference in the
numerical and alphabetical series. The numerical series is a logical sequence,
the next digit following the previous one according to number, while the
alphabetical series can be seen as an agreement based phonological sequelae
without any inherent logic. It can be speculated that the poor automatisation
of alphabetical series by the children with reading disability is a result of
their poor phonological skills (see, e.g., Pennington, et al., 1993).

In the light of Denckla’s (1994, 1996) proposition about using discrimi-
nant profiles when assessing executive functions, the Trail Making Test has
an obvious face value. Her proposition is logical; it attempts to control the
various possibilities affecting performance on necessarily complex executive
function tasks, and also, it follows closely the clinical decision-making proce-
dure regarding the executive functions of a subject. Our present data do not
provide a possibility to evaluate the validity of the Trail Making Test as a
measure of executive functions; those studies are yet to be constructed.
Based on the present results, it can be concluded that controlling for the
speed of performance on the alphabetical sequence is essential when using
the Trail Making Test with populations for whom reading difficulties are
common.
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