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Abstract
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Normative data for the Trail Making Test (TMT) A and B are presented for 911 community-dwelling
individuals aged 18—-89 years. Performance on the TMT decreased with increasing age and Iowerf;evel:
of education. Based on these results, the norms were stratified for both age (11 groups) and educaion (
levels). The current norms represent a more comprehensive set of norms than previously avallabﬁ an
will increase the ability of neuropsychologists to determine more precisely the degree to which sc—z)res
on the TMT reflect impaired performance for varying ages and education.
© 2003 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved.
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The Trail Making Test (TMT) is one of the most popular neuropsychological tests and iszin-
cluded in most test batteries. The TMT provides information on visual search, scanning, s‘geec
of processing, mental flexibility, and executive functions. Originally, it was part oAthey
Individual Test Battery (1944and subsequently was incorporated into the Halstead— Relf_an
Battery Reitan & Wolfson, 198% The TMT consists of two parts. TMT-A requires an indi->
vidual to draw lines sequentially connecting 25 encircled numbers distributed on a sheét of
paper. Task requirements are similar for TMT-B except the person must alternate betweer
numbers and letters (e.g., 1, A, 2, B, 3, C, etc.). The score on each part represents the amou
of time required to complete the task.

The TMT is sensitive to a variety of neurological impairments and proceksseak, 1995
Mitrushina, Boone, & D’Elia, 1999Spreen & Strauss, 19%8n spite of the popularity of the
TMT, surprising few comprehensive sets of norms exist. Initially, it was proposed that absolute
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cutoff scores could be used to identify organic impairméfdatarazzo, Wiens, Matarazzo, &
Goldstein, 1974Reitan, 1959; Reitan & Wolfson, 1985This practice was soon abandoned
when research clearly revealed that age, education, and intelligence affected TMT performance
(Spreen & Strauss, 1998 urrently, interpretation of TMT scores relies on various normative
data sets. However, a survey of the available normative data shows that virtually no norms
exist which are stratified over a wide range of age, education, and intelligence. For example,
a review of the 24 published normative studies contained itrabook of Normative Data

for Neuropsychological Assessméhntitrushina et al., 199Preveals that most TMT norms
contained a relatively small number of individuals within a restricted age and educational
range. Only two studies presented data from cognitively intact individuals aged 20-69 years
(Bornstein, 1985Stuss, Stethem, & Pelchat, 1988wo additional studies used ages ranglng g
from 20 to 79 yearsavies, 1986Heaton, Grant, & Matthews, 1991Spreen and Strauss
(1998)also present unpublished normative data flftmmbaugh, Rees, and Mcintyre (1998)
which contains 267 individuals aged 20-85 years.

Several shortcomings are evident in these studies. For exambpldes (1986)and
Tombaugh et al. (1998ack information on educational level and type of exclusionary criteri
employedBornstein (1985andStuss et al. (198§)resent only means and standard deviations
It is difficult to accurately transform these data into percentile or scaled scores, partlcularlygn
the absence of information about the normal distribution of scores. Only one study presents T
scores or percentile scores that are based on age, education, and geaden et al., 1991
Data from 486 participants are divided into two gender groups by 10 age groups and by 6
educational groups. However, as cautione@preen and Strauss (1998gll sizes are not
provided and may be quite small making interpretation of scores problematic.

Inview of the literature cited above, interpretation of scores from TMT-Aand -B is serlously
curtailed by the lack of a comprehensive set of norms. The current study attempts to overcd}ne
this lack of adequate norms by presenting data from 911 community-dwelling adults that @re
stratified into 11 age groups (18—89 years) and 2 education levels (0-12 -anckass).
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1. Method

L uo 1senb Aq GzZ£Z/€02/2

1.1. Participants and materials

The normative sample consisted of 680 individuals who participated in a series of exper-
iments investigating the effects of age on the acquisition and retention of visual and verEaI
information Hubley & Tombaugh, 2002; Mcintyre, 1996; Tombaugh, 199483 participants S
who were involved in a study measuring speed of information procesRees(& Tombaugh,
20032, and 88 individuals who participated in phases 1 and 2 of the Canadian Study on Health
and Aging CSHA, 1993. All 911 participants were community-dwelling volunteers. In the
first four studies, participants were recruited through booths at shopping centers, social orga-
nizations, places of employment, psychology classes, and by word-of-mouth. They did not
receive any financial remuneration for participating. A self-reported history of medical and
psychiatric problems was obtained from each participant. Any person with a history of neu-
rological disease, psychiatric illness, head injury, or stroke was excluded. Participants from
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CSHA were a subset of individuals who had received a consensus diagnosis of “no cognitive
impairment” on two successive evaluations separated by approximately 5 years. The classifi
cation was made by physicians and clinical neuropsychologists on the basis of history, clinical
and neurological examination, and an extensive battery of neuropsychological tests including
the TMT.

All participants were living independently in the community and ranged in age from 18 to
89 years ¥ = 585, SD. = 21.7). The education level varied from 5 to 25 yeavs £ 12.6,

S.D. = 2.6). The male to female ratio was 408 to 503. All persons scored higher than 23
(M = 286, SD. = 1.5) on the Mini Mental State Examination (MMSEplstein, Folstein,

& McHugh, 1975, and lower than 14 = 4.1, SD. = 3.4) on the Geriatric Depression
Scale (GDSBrink et al., 1982. CSHA participants were excluded on the basis of a C|II”IIC§|
evaluation of depressmn rather than their score on the GDS.

Trails A and B were administered according to the guidelines present&piaen and
Strauss (1998)n essence, participants were instructed to complete each part of the TM‘E as
quickly and accurately as possible. When an error was made, the participant was mstrucﬁed te
return to the “circle” where the error originated and continue. Time to complete each part@vas
recorded.

apeoju

2. Results
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Correlations among the demographic variables and scores on Trail A and B show thagage
was more highly correlated with the scores than was educatal€ 1). Gender was not =
significantly correlated with TMT scores. The relative effects of age, education, and gend@r on
Trails A and B scores were further explored by using regression analyses where each vafiabl
was entered separately. Age accounted for 34% and 38% of the variance for Trails A arigl B,
while education accounted for only 3% and 6%. Gender accounted for less than 1%. When
education was entered hierarchically after age, its effect was further reduced to less thaga 1Y
for Trail A and less than 2% for Trail B. w

Since performance on Trails A and B was affected by age and education, a finding consisten'
with other literature I(ezak, 1995; Mitrushina et al., 1999; Spreen & Strauss, },90%as &
decided to stratify the norms by these two variables. The scores were divided into 11cage
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Table 1 5

Correlations of age, education, gender with time (s) to complete Trails A and B E

Age Education Gender Trail A

Age

Education .17

Gender -.08 —.03

Trail A .58 .17 —.05

Trail B 62 —.25% -.05 T4

*p < .05.

**p < .01
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Fig. 1. Performance on Trails A and B as a function of 11 age groups and 2 education levels. Age group 1
contained only university students with educational levels af y2ars.
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groups and 2 education levels ($6g. 1). Analyses of variance appropriate for a(t@e) x 2
(Education) factorial design were performed on these data for Trails A and B (age group
18-24 was omitted from the ANOVA because it consisted solely of university students Wl’rtzo
had 12 years of education). Scores on Trails A and B increased with increasing age agd
fewer years of education. The effects of age and education were more pronounced on Trail B
than on Trail A (Trail A: Age:F(9, 736) = 3173, p < .001; Education¥(1, 736) = 2.99,
p > .05; Age x Education:F(9, 736 = .81, p > .05; Trail B: Age: F(9, 736) = 46.25,
p < .001; EducationF(1, 736 = 19.84, p < .001; Agex Education:F(9, 736 = 1.13,
p > .05).

The above analyses suggested that a clinically useful set of norms could be generate§ by
transforming the scores from each AgeEducation group into percentile scores. However, =
a series of regression analyses showed that education accounted for virtually none of%he
variance in the 25-54 age range (Trails A anet®.3% and 1.1%) compared with the 55-89
age range (Trails A and B= 1.5% and 4.4%). The results of these analyses, coupled with
the fact that most of the participants in the 25-54 age range were relatively well educated,
led to the decision to divide only the older age groups into two education levels (0—12 and
12+ years).Table 2presents the mean, S.D., median, minimum—-maximum value, skewness,
and kurtosis for age, education, gender, and scores on Trails A and B for each of the normative
groups.Table 3presents the normative data for Trails A and B transformed into percentile
scores using SPSS 8.0.
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Table 2
Statistical properties for age, education, gender, Trails A and B (s) for each normative group
Statistics
Age groups Mean (S.D.) Median Minimum—maximum Skewness Kurtosis
Age group 18-24r(= 155)
Age 20.17 (1.48) 20.00 18-24
Education 12.92 (1.01) 13.00 10-15
Gender 1.59 (0.49)
Trail A (s) 22.93 (6.87) 21.70 12-57 1.64 4.46
Trail B (s) 48.97 (12.69) 47.00 29-95 91 .92 -
Age group 25-34r(= 33) g
Age 29.42 (2.87) 30.00 25-34 5
Education 14.18 (1.61) 14.00 11-18 g8
Gender 1.58 (0.50) =
Trail A (s) 24.40 (8.71) 23.00 10-45 .78 21 g
Trail B (s) 50.68 (12.36) 50.00 29-78 14 —.59 Z
Age group 35-44r(= 39) 2
Age 39.74 (2.94) 41.00 35-44 g
Education 13.59 (2.06) 14.00 10-20 g8
Gender 1.59 (0.50) 3
Trail A (s) 28.54 (10.09) 26.00 12-50 .64 -.35 8
Trail B (s) 58.46 (16.41) 58.00 29-95 .59 .01 é
Age group 45-54r( = 41) 3
Age 48.54 (2.96) 48.00 45-54 §
Education 13.68 (2.80) 14.00 8-21 @
Gender 1.61 (0.49) &
Trail A (s) 31.78 (9.93) 31.00 18-56 .83 44 %
Trail B (s) 63.76 (14.42) 64.00 32-92 -.32 -.32 §
Age group 55-59(= 95) §
Education 0-12 yearsi(= 58) N
Age 56.90 (1.31) 57.00 55-59 &
Education 11.05 (1.05) 11.00 8-12 g
Gender 1.55 (0.50) 2
Trail A(s) 35.10 (10.94) 32.00 19-72 1.42 218 2
Trail B (s) 78.84 (19.09) 73.50 42-127 .73 09 S
Education 12 years (= 37) S
Age 57.05 (1.45) 57.00 55-59 1
Education 15.32 (1.93) 16.00 13-18 ~
Gender 1.51 (0.51) §
Trail A (s) 31.72 (10.14) 30.00 18-55 1.25 a7
Trail B (s) 68.74 (21.02) 65.00 30-121 91 1.29
Age group 60—64r(= 86)
Education 0-12 years = 55)
Age 62.33 (1.28) 63.00 60-64
Education 10.84 (1.27) 11.00 7-12
Gender 1.56 (0.50)
Trail A (s) 33.22 (9.10) 33.00 20-49 .04 -1.39
Trail B (s) 74.55 (19.55) 72.00 40-138 1.23 2.14
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Table 2Continued

Kurtosis

Statistics
Age groups Mean (S.D.) Median Minimum—maximum Skewness
Education 12- years (1 = 31)
Age 61.94 (1.50) 62.00 60-64
Education 15.45 (1.31) 16.00 13-18
Gender 1.52 (0.51)
Trail A (s) 31.32 (6.96) 31.00 20-47 .50 —.45
Trail B (s) 64.58 (18.59) 60.00 37-116 1.15 1.68
Age group 65-69r(= 97)
Education 0-12 years & 65)
Age 67.04 (1.63) 67.00 65-69
Education 10.87 (1.71) 12.00 5-12
Gender 1.62 (0.49)
Trail A (s) 39.14 (11.84) 39.00 17-71 .48 .16
Trail B (s) 91.32 (28.89) 86.00 49-190 1.23 212
Education 12 years ( = 32)
Age 67.22 (1.43) 67.00 65-69
Education 15.91 (1.87) 16.00 13-21
Gender 1.58 (0.50)
Trail A (s) 33.84 (6.69) 32.00 23-47 .55 —.67
Trial B (s) 67.12 (9.31) 68.00 48-84 —41 —.64
Age group 70-74r(= 106)
Education 0-12 years1 &= 76)
Age 71.99 (1.40) 72.00 70-74
Education 10.50 (1.72) 11.00 6-12
Gender 1.45 (0.50)
Trail A (s) 42.47 (15.15) 38.00 20-89 1.47 2,51
Trail B (s) 109.95 (35.15) 101.00 45-190 .59 —.61
Education 13 years (= 30)
Age 72.07 (1.60) 72.00 70-74
Education 15.43 (2.21) 15.00 13-22
Gender 1.47 (0.51)
Trail A (s) 40.13 (14.48) 36.00 26-75 1.52 1.49
Trail B (s) 86.27 (24.07) 83.50 55-159 .97 1.26
Age group 75-79(= 108)
Education 0-12 yearsi= 74)
Age 77.32 (1.35) 78.00 75-79
Education 10.80 (1.50) 11.50 6-12
Gender 1.58 (0.50)
Trail A (s) 50.81 (17.44) 50.00 25-109 111 1.56
Trail B (s) 130.61 (45.74) 120.00 57-274 75 31
Education 12- years (1 = 34)
Age 77.21 (1.49) 77.00 75-79
Education 15.29 (1.80) 15.00 13-18
Gender 1.53(0.51)
Trail A (s) 41.74 (15.32) 40.00 19-75 .57 -.27
Trail B (s) 100.68 (44.16) 87.00 53-207 .85 -.21
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Table 2Continued
Statistics
Age groups Mean (S.D.) Median Minimum—maximum Skewness Kurtosis
Age group 80-84r(= 118)
Education 0-12 years = 84)
Age 81.94 (1.41) 82.00 80-84
Education 10.48 (1.54) 11.00 7-12
Gender 1.52 (0.50)
Trail A (s) 58.19 (23.31) 52.50 25-116 .84 A1
Trail B (s) 152.74 (65.68) 139.50 55-315 .81 —.06
Education 13 years (= 34) cz
Age 81.56 (1.52) 81.00 80-84 2
Education 15.50 (2.54) 16.00 13-25 2
Gender 1.41 (0.50) 3
Trail A (s) 55.32 (21.28) 48.00 29-105 1.30 91 3
Trail B (s) 132.15 (42.95) 128.00 67-249 1.42 1.85 i
Age group 85-89r(= 29) §
Education 0-12 years & 16) §
Age 86.38 (1.50) 86.00 85-89 L
Education 9.88 (1.96) 10.50 6-12 g
Gender 1.69 (0.48) g
Trail A (s) 57.56 (21.54) 54.50 36-120 1.75 3.87 S
Trail B (s) 167.69 (78.50) 142.50 83-366 1.26 150 8
Education 12 years (= 13) 3
Age 86.31 (1.65) 86.00 85-89 S
Education 16.23 (2.45) 16.00 13-22 o)
Gender 1.62 (0.51) =)
Trail A (s) 63.46 (29.22) 53.00 35-127 1.60 182 2
Trail B (s) 140.54 (75.38) 121.00 63-308 1.24 77 g
g
PN
N
(&)
g
«Q
Table 3 §
Percentiles for Trails A and B scores (s) for each normative group §
Education 012 years Education 124 years Total )
>
Percentile Trail A Trail A Trail A Trail B =
N
Age group 18-24 (university students;n = 155) E
90 16 35
80 17 38
70 19 41
60 20 44
50 22 47
40 23 49
30 25 54
20 27 61
10 31 66
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Table 3 (Continued )
Education 0-12 years Education 12+ years Total
Percentile Trail A Trail B Trail A Trail B Trail A Trail B

Age group 25-34 (n = 33)

o0
‘

17

(95}
@]

g‘

21

=
Co

s
(=]
&
n
(98]

g‘

33

‘
(¥5]

Age group 35-44 (n=39)

g‘

20

s
W

3
R
e

‘
o

28

(=23
=3

g‘

36

‘
(=]

Age group 45-54 (n = 41)

g
a
3

60 29 62
so e
40 33 68
< A
20 38 75
o s s
Age group 55-59

Education 0-12 years Education 12+ years Total (n = 95)

(n=358) (n=37)

Trail A Trail B Trail A Trail B Trail A Trail B

jo.s)
|

27 64 24 56 25 58

(=2}
|

3 71 26 61 30 66

s
<
(5]
s

81 32 71 33 74

8
5

98 37 81 40 90
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Table 3 (Continued )
Age group 60—64
Education 0-12 years Education 124 years Total (n = 86)
(n=355) (n=31)
Trail A Trail B Trail A Trail B Trail A Trail B

jos]
|

24 58 25 48 24 56

(=]
=]
L
o

67 27 59 29 62

B
(=]
)
~1

75 33 66 34

~]
~

8
&

92 37 77 42

|2

Age group 65-69
Education 0-12 years Education 124 years Total (n = 97)
(n=1065) (n=132)
Trail A Trail B Trail A Trail B Trail A Trail B

o3}
‘

30 71 28 57 29 62

(=2}
o
W
=)

81 31 67 32 73

B
=]
B
<

93 34 71 39 83

ts’|

110 40 7] 45 104

Age group 70-74
Education 0~12 years Education 12+ years Total (n = 106)
(n=176) (n = 30)
Trail A Trail B Trail A Trail B Trail A Trail B

oo
‘

30 79 29 63 30 76

(=23
(=]
(53
-~

95 33 80 36 85

s
o
s
|

112 41 85 41 105

[\
o
L
(%)

146 46 109 49 138
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Table 3 (Continued )
Age group 75-79
Education 0-12 years Education 12+ years Total (n = 108)
(n=74) (n = 34)
Trail A Trail B Trail A Trail B Trail A Trail B

o2}
<

37 92 27 59 34 79

60 45 107 37 73 40 98
s s 120 4 8 4 U5
40 53 140 43 105 50 128
3%  s6 156 46 126 54 148
20 61 167 58 141 58 163
o 72 18 6 1 0 18
Age group 80-84

Education 0-12 years Education 124 years Total (n = 118)

(n=284) (n=34)

Trail A Trail B Trail A Trail B Trail A Trail B

o
<

39 101 38 100 39 101

60 49 119 46 113 47 116
so s 140 4 122 52 13
40 59 154 56 131 58 144
3 6 17658 13 6 15
20 78 204 64 151 75 193
o % 29 10t 27 9% 241
Age group 85-89

Education 012 years Education 12+ years Total (n = 29)

(n=16) (n=13)

Trail A Trail B Trail A Trail B Trail A Trail B

o0
o

39 95 42 81 39 87

=
[=1
B
ha}

132 952 90 51 121

oy
o
w
=2

188 60 143 56 150

214 78 212 68 199
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3. Discussion

The major clinical utility of the current study is that it provides a set of horms that will
increase the ability of neuropsychologists to determine more precisely the degree to which
scores on Trails A and B reflect impaired performance for varying ages and education. The
stratification of the norms was based on findings that clearly showed that performance on
Trails A and B was affected by age and education, but not by geRierl, as well as the
accompanying statistical statistical analyses, show that increasing age and decreasing levels |
education significantly decreased performance on Trails A and B. As previously mentioned,
these results are consistent with those presented in other studies. Since this literature has be:
amply summarized in several handbookeZak, 1995; Mitrushina et al., 1999; Spreen &g
Strauss, 1993 it will not be reviewed further.

Inusing the norms, it should be noted that the influence of age and education is not equwgalen
on Trails A and B. On Trail A, performance clearly decreased with age but not with educatton
This suggests that previously published norms which stratified Trail A scores solely on the k:TaS|s
of age are probably appropriate for interpreting performance over a wide range of educatinal
levels. However, this clearly is not the case with Trail B, particularly when age is greater t@an
54 years. Although the regression analyses show that age accounts for more variancé tha
education, particularly when age is entered first, the normative data show that both agé€ ant
education should be considered when interpreting clinical scores for older groups. 8

When evaluating norms for the TMWitrushina et al. (1999%et forth the following seven U
guidelines: (1) sample size of at least 50 subjects per grouping, (2) description of sa@ple
composition including exclusionary criteria, (3-5) presenting data by age, 1Q, and educadjon,
(6) reporting gender distribution, and (7) presenting means and standard deviations forota
time in seconds for TMT-A and -B. The norms from the current study clearly meet five%)f
these criteria (2, 3, 5, 6, and 7). The failure to present IQ scores (Criterion 4) is not judged to
be a particularly serious drawback given the completeness of data for education levels arrer the
well known positive association between education and 1Q. The second possible shortcoging
of the present study is the failure of all normative cells to have at least 50 subjects (Criteriof 1).
However, this “failure” does not appear to be a particular serious shortcoming since the pré&sen
study contains more participants than any previously published set of TMT norms and divides
many of the age groups into two educational levels. If only the age grouping are considéred
then 8 of the 11 age groups have greater than 50 participants. The systematic increase in §cor<
for each education level with increasing age for the participants older than 54 also |nd|c>ates
that an adequate number of participants had been used to ensure representative data. Hc?Wev
some caution should be exercised in interpreting scores from the oldest age group (8@—89
because of the restricted sample size. It should also be noted that all members of the younge
group (18-24) were university students.
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