
435

Article

evaluating language comprehension in 
Alzheimer’s disease: the use of the token test 
Avaliação da compreensão da linguagem na doença de Alzheimer: o uso do Token Test
Jonas Jardim de Paula1, Laiss Bertola1, Rodrigo Nicolato2, Edgar Nunes de Moraes2,  
Leandro Fernandes Malloy-Diniz3

The Alzheimer’s disease (AD) is the most diagnosed demen-
tia in late life and one of the most incapacitating syndromes 
of elderly. AD progression is characterized by impairment in 
episodic memory, associated with at least one more cognitive 
deficit (agnosia, executive dysfunction, apraxia or aphasia). 
Furthermore, AD patients always present functional impair-
ment in comparison to their previous level of performance1.

The impairment in language abilities is a common feature 
of AD, even in early stages. The neuropsychological evalua-
tion of language in AD patients usually reveals deficits in lan-
guage production and comprehension2. Furthermore, lexi-
cal and semantic processes are often impaired, leading to 

communication deficits commonly referred to as an aphasic 
syndrome3. Due to the expressive role that communication 
(specially spoken language) plays in daily life functioning, the 
evaluation of these abilities is essential for diagnosis, treat-
ment and even for cognitive assessment interpretation in AD 
patients. One of the most significant language impairments 
is the deficit in verbal comprehension abilities, including the 
process of accurately understanding verbal orders. Previous 
studies indicate that comprehension deficits are associated 
with poor social interaction and quality of life4. In this con-
text, effective ways of evaluating comprehension skills may 
play a crucial role in patients’ rehabilitation.
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ABStrAct
Objective: To analyze the psychometric properties of the Token test (TT), a verbal comprehension test, and its applicability to the diagnosis of  
mild Alzheimer’s disease (AD). Methods: One hundred and sixty participants (80 AD and 80 controls) performed the TT and a short battery  
of neuropsychological tests designed to evaluate general cognitive status, working memory and executive functions. Internal consistency, 
factor structure, correlation with other measures and group comparisons were evaluated. Results: The test evinced good internal consis-
tency and a bi-factorial structure (related to comprehension and attention). Differences between AD and controls were significant, however 
the TT presented only moderate sensitivity and specificity for the AD diagnosis. Conclusion: The TT showed evidence of good psychometric 
properties and adequacy for characterizing comprehension deficits in AD, but it was not an appropriate test for the AD detection and diag-
nosis.

Key words: Token test, psychometric properties, language, Alzheimer disease.

reSUMO
Objetivo: Investigar as propriedades psicométricas do Token test (TT), um teste de compreensão verbal, e sua aplicabilidade no diagnóstico 
da doença de Alzheimer em fase inicial (DA). Métodos: Cento e sessenta participantes (80 DA e 80 controles) foram avaliados por meio 
do TT e de testes neuropsicológicos que avaliam a cognição geral, memória operacional e funções executivas. Avaliou-se a consistência 
interna, correlações com outros testes neuropsicológicos, estrutura fatorial e poder diagnóstico do TT. Resultados: O teste apresenta boa 
consistência interna e estrutura bi-fatorial (relacionada à compreensão e atenção). Foram encontradas diferenças significativas entre o 
desempenho de DA e dos controles. Contudo, a sensibilidade e especificidade do TT para o diagnóstico de DA foi apenas moderada. Con-
clusão: O TT apresenta boas propriedades psicométricas e mostra-se adequado para a caracterização de comprometimentos de lingua-
gem na DA. Entretanto, nossos resultados sugerem que o teste por si só é insuficiente para a detecção e diagnóstico dessa demência.

Palavras-Chave: Token test, propriedades psicométricas, linguagem, doença de Alzheimer.
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A useful neuropsychological task devised to assess com-
prehension is the Token test (TT), a screening tool for deficits 
in receptive language in aphasics5. It consists of a series of col-
ored tokens in squared or round forms and two different sizes, 
and the patient is instructed to perform a series of commands 
over them, such as “touch the red circle” or “touch the small 
yellow square and the big red circle”. The test has shown great 
efficiency in detecting and characterizing comprehension im-
pairments. It has some advantages for the appraisal of these 
features, such as easiness of testing, non-verbal output, differ-
ent levels of complexity, low cost and quick application5-8.

The TT is a worldwide screening tool with psychometric 
studies in several countries8. The test presents several differ-
ent versions, including a short one9. Similarly to other coun-
tries, there are several Brazilian studies suggesting the clinical 
applicability of the TT to language assessment in children6, 
adults10 and elderly7,11,12. Nonetheless, there are not Brazilian 
studies assessing psychometric properties of the TT, such as 
its validity, on Brazilian elderly subjects. 

Therefore, this study aimed at investigating psychometric 
properties of the TT short version, for example, its internal 
consistency and the effects of aging, formal schooling, gen-
der and depressive symptoms in test performance, as well as 
analyzing TT’s construct validity, the test criteria validity for 
mild AD and comparing test performance between these pa-
tients and normal controls (NC). 

MetHODS

Sample and procedure
A total of 160 participants, 80 diagnosed with probable mild 

AD by the NINCDS-ADRDA criteria13 and 80 NC were studied 

in the present work. The inclusion criteria in the second group 
was absence of neurological or psychiatric diseases investi-
gated by a clinical interview conducted by the neuropsychol-
ogist, no functional impairment (evaluated via Lawton-Brody 
Inventory14), total score above the appropriated cutoff score 
on the Mini-Mental State Exam (MMSE) Brazilian Version fol-
lowing the formal education criteria15 and GDS-15 scores be-
low the proposed cutoff for depression in older Brazilians16. AD 
patients were examined at least by one gerontologist and one 
clinical neuropsychologist. Diagnoses were defined by a con-
sensus of a multidisciplinary assessment in agreement with 
the previous criteria. All AD participants pursued their treat-
ment plans, which included taking cholinesterase inhibitors. 
The Table 1 shows the patients demographic data. 

token test short version
The short version contains 36 orders which must be per-

formed by the patient in 20 wooden pieces ( five small squares, 
five big squares, five small circles, five big circles, each one 
presented in five colors – green, red, yellow, black and white). 
The test is divided into six parts, in that the orders become 
progressively more complex. Test total score is computed by 
the sum of correct items (one point each).

Procedures
The participants performed the short version TT, MMSE15, 

semantic verbal fluency (animals, fruits) (SVF), and forward Digit 
Span (DS) and Corsi Blocks17 (CB), two tests designed for the 
evaluation of verbal and spatial working memory, respectively. 

Psychometric properties
The aim of the psychometric study of the TT is to as-

sess its applicability and potential use as a neuropsycho-

NC (n=80) AD (n=80) Group comparisons
Mean SD Mean SD Sig. (0.05) d AUC

Age 73.26 9.18 75.29 6.44 0.108 - -
Education 5.64 4.22 4.94 3.49 0.252 - -
MMSE 26.09 3.80 20.02 4.11 0.000 1.54 0.859
GDS 2.60 1.96 4.43 3.07 0.000 0.73 -
SVF - Animals 13.29 4.06 8.42 3.51 0.000 1.29 0.823
SVF - Fruits 12.09 4.12 7.99 2.85 0.000 1.18 0.792
TT 30.01 3.36 26.60 4.62 0.000 0.86 0.724
TT - SS 11.90 2.97 9.36 3.40 0.000 0.50 0.725
Digit Span 33.95 16.28 28.25 13.12 0.016 0.39 0.607
Corsi Blocks 30.06 14.66 21.32 10.13 0.000 0.71 0.669
TT - Part 1 6.93 0.22 6.97 0.16 0.233 - -
TT - Part 2 3.81 0.48 3.61 0.82 0.052 - -
TT - Part 3 3.83 0.64 3.74 0.54 0.332 - -
TT - Part 4 3.72 0.53 3.25 1.02 0.000 0.61 0.638
TT - Part 5 3.44 0.87 2.86 1.08 0.000 0.60 0.661
TT - Part 6 8.18 2.41 6.17 2.68 0.000 0.79 0.709

Table 1. Demographic data, neuropsychological tests scores and group comparisons.  

AD: Alzheimer’s disease; NC: normal controls; MMSE: Mini-Mental State Exam; GDS: geriatric depression scale; SVF: semantic verbal fluency; TT: short version 
Token test; TT-SS: short version Token test – scaled scores; d: Cohen’s d; AUC: area under curve; Sig: significance level; SD: standard deviation. 
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logical measure of verbal comprehension. The first step 
was the analysis of the test internal consistency, which was 
calculated by the Cronbach’s alpha for the 36 items. It was 
expected from moderate to high internal consistency by 
this method, since test orders and its difficulty level broadly 
vary along the test. The second step was to assess the as-
sociation between the TT performance and age (years), 
schooling (years) and depressive symptoms measured by 
the geriatric depression scale (GDS)18, using Person’s corre-
lation. Construct validity was first analyzed by partial corre-
lations (controlled by age, education and depressive symp-
toms) between the TT and other neuropsychological tests 
(MMSE, SVF, DS and CB). Then, a principal components 
analysis with varimax rotation was performed, in order to 
evaluate the TT latent structure. Considering the bias from 
the two procedures, pointed by Delis et al.19, it is seen that 
they were performed independently in the controls, in the 
clinical group and also in the mixed sample. Since this pro-
cedure may be more useful for construct validity when per-
formed among homogeneous samples, only patients with 
mild AD were included in this study. Differences in the fac-
tor structure possibly represent changes in performance in 
the evaluated construct, which may be more evident when 
the patterns of variance and correlation between different 
populations are analyzed. The confidence level for all the 
analyses was defined at 0.05. 

Group comparisons
The AD patients were compared to healthy older adults 

matched by age, gender and educational background (total 
years of formal schooling) by independent sample’s t-tests, 
and the effect sizes were computed by the Cohen’s d. For 
these group comparisons, the TT raw scores and also the 
scaled scores proposed by Moreira et al.7 in the test normati-
zation for Brazilian older adults were used. Scaled scores had 
the advantage of gender, age and educational control, offer-
ing a more unbiased result. The receiver characteristic opera-
tor curve (ROC) analysis was used to evaluate the sensitivity 
and specificity of the TT for AD diagnosis when compared to 
NC. The confidence level for all the analyses was 0.05.

reSUltS

The 36 items of the TT show from moderate to high inter-
nal consistency in controls (α=0.746), AD patients (α =0.809) 
and the whole sample (α=0.837). 

In controls, the TT score correlated with education 
(r=0.533; p<0.001; r²=0.28) and the GDS score (r=-0.311; 
p<0.005; r²=0.10), but in AD no significant correlations were 
found between the TT and demographic data. Considering 
all the participants, significant correlations were found only 
between the TT and education (r=0.324; p<0.001; r²=0.10). 

Considering the association between the TT and other 
neuropsychological measures, a significant partial correla-
tion was found only with the MMSE (r=0.398; p<0.001; r²=0.16), 
and trends with DS (r=0.198; p=0.084; r²=0.04) and the Clock 
Drawing Test (r=0.217; p=0.058; r²=0.05) in the NC were found. 
In AD patients, the TT was related to the MMSE total score 
(r=0.343; p<0.001; r²=0.12) and to CB (r=0.290; p=0.011; r²=0.08), 
and trends were found with DS (r=0.203; p=0.076; r²=0.04) and 
SFV “fruits” (r=0.215; p=0.060; r²=0.05). When the performance 
of all the participants was considered, the TT score was corre-
lated with all the other neuropsychological measures, MMSE 
(r=0.505; p<0.001; r²=0.26), SVF “Animals” (r=0.331; p<0.001; 
r²=0.11), SVF “fruits” (r=0.317; p<0.001; r²=0.10), DS (r=0.220; 
p=0.006; r²=0.05) and CB (r=0.334; p<0.001; r²=0.11).

The principal component analysis reveals a two-compo-
nent structure in controls, in AD patients and in the whole 
sample (Table 2). The consistency of the components was the 
same to the three groups, with approximated Eigenvalues and 
total variance explained. The first component seems to be 
more related to verbal comprehension, while the second one 
seems to be more related to attention. For further exploration, 
the TT was used in another principal component analysis, this 
time also containing the MMSE total score, SFV total words, 
DS and CB results. These results are exposed on Table 3.

 The control group and AD patients mean and standard 
deviation of age, education, depressive symptoms, as well as 
the test scores for each neuropsychological measure, signifi-
cance of the t-tests, effect sizes and area under curve were 
exposed on Table 1. The cutoff raw score in the TT of 27/28 

   
 

NC AD Mixed
1 2 1 2 1 2

TT - Part 1 0.295 0.693 0.008 0.868 0.081 0.798
TT - Part 2 0.739 0.291 0.631 0.051 0.651 0.122
TT - Part 3 0.270 0.790 0.217 0.775 0.057 0.804
TT - Part 4 0.681 0.458 0.734 0.060 0.747 0.177
TT - Part 5 0.790 0.023 0.822 0.092 0.832 0.002
TT - Part 6 0.701 0.112 0.776 0.169 0.794 0.016
Eigenvalue 2.364 1.255 2.449 1.209 2.397 1.185
% Variance 37.91 22.39 37.67 23.27 38.58 21.1

Table 2. The components structure of the Token test short version. 

NC: normal controls; AD: Alzheimer’s disease; TT: short version Token test.
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(case/non-case) shows the best balance in sensitivity and 
specificity (0.725/0.637), and the cutoff 9/10, the best for 
scaled scores (0.650/0.675). The AUCs of the TT can be classi-
fied as weak/moderate.

DiScUSSiON

The TT shows from moderate to high internal consis-
tency, confirming our prediction. This finding indicates that 
the test items had a good correlation pattern, however not 
being redundant. We didn’t find studies in Brazil which ana-
lyzed the test internal consistency, notwithstanding our re-
sults are similar to those from Gallardo et al.20 and Spellacy 
and Spreen21. In controls, the test was significantly correlated 
with education and depressive symptoms, but not with age. 
Nevertheless, these correlations were not significant in the 
AD group. The moderate correlation between education and 
test performance was congruent with Moreira et al.7 find-
ings, except by the lack of association with age, since the au-
thor and other studies11,12 have found that data. The influence 
of depressive symptoms in the TT is not well documented, 
but the weak correlation found in our study indicates that 
depression may be associated with worst performance, as 
pointed by Brown et al.22.

The different pattern of correlations between the TT, the 
socio-demographic data and other cognitive measures, ac-
cording to groups, can be analyzed through the concept of 
cognitive reserve. Lower age and formal education are asso-
ciated with cognitive reserve, which may delay the expres-
sion of clinical features of AD23. In this perspective, the cor-
relation between age, education and cognitive performance 
in healthy older adults may be seen as an expression of cog-
nitive reserve. However, after the dementia onset, these two 
features may not influence cognitive performance, since cog-
nitive reserve is reduced or depleted. Our findings suggest 
that indicators of cognitive reserve may influence the period 
of onset of dementia, but, when the syndrome is stabilized, 
the moderate effect of this variable may not influence perfor-
mance on the TT. 

The highest correlations found between the TT and oth-
er cognitive tests in all the three groups were those with the 
MMSE. Our results are similar to Swihart et al.24, although 
this author had found even higher correlations. Considering 
the total sample, the TT also correlates moderately with DS, 
CB, SVF “animals” and SVF “fruits”. The correlation between 
the TT and verbal fluency was well established in our pre-
vious study in a children sample6. However, in normal aged 
controls (NC) no significant correlations were found besides 
the MMSE’s. This result may account for the independence of 
the construct evaluated by the TT when compared to tasks 
of working memory and executive functions. In AD patients, 
a significant correlation was found between the TT and CB, 
suggesting that nonverbal working memory may play a role 
on the test performance. 

The TT component structure indicates that two major 
factors explain most of test variance in the three groups. The 
first component, named Complex Verbal Comprehension, 
had greater factor loadings in the TT parts two, four, five and 
six, while factor 2, Simple Verbal Comprehension, showed 
greater loadings in parts one and three. Surprisingly, the sec-
ond part of the TT loaded on the component one. The seven 
first items of the test screen the ability to correctly identify 
each stimulus (shape, size and color), while, in the second 
part, a comprehension process is more evident, demanding a 
different behavior. However, in the third part, while the com-
mands are still simple and the subject has comprehended the 
test structure, the attentional process is more evident, chang-
ing only when the commands become more complex. 

Our results are different from those presented by Hula25, 
according to whom the TT first five components loaded 
on one factor and the last part loaded on another. Mansur 
et al.10, exploring the speech and language disturbances in 
adults, found that only the first part of the TT was not able 
to differentiate controls from aphasic patients. According to 
these findings, our results can also be interpreted in another 
way. Assuming that the third part of the test was expected 
to load on the Complex Verbal Comprehension factor, we 
can suppose that the existence of two similar commands, in 
the parts two and three, enables the occurrence of a priming 

NC AD Mixed
1 2 3 1 2 3 1 2 3

MMSE 0.898 0.008 0.103 0.865 0.037 -0.046 0.830 0.283 0.117
SVF - Animals 0.186 0.862 0.065 0.150 0.858 0.050 0.282 0.855 0.103
SVF - Fruits 0.120 0.811 0.245 0.082 0.890 0.024 0.215 0.871 0.167
Digit Span 0.046 0.122 0.915 0.144 0.009 0.954 0.079 0.110 0.938
Corsi Blocks 0.392 0.217 0.691 0.649 0.042 0.422 0.505 0.218 0.603
TT 0.765 0.241 0.196 0.684 0.249 0.124 0.820 0.212 0.158
Eigenvalue 2.738 1.107 0.967 2.204 1.335 0.944 3.082 1.135 0.935
% Variance 45.629 16.111 14.934 36.728 22.247 14.058 51.364 15.587 12.100

Table 3. Factor structure of the neuropsychological tests.

AD: Alzheimer’s disease; NC: normal controls; MMSE: Mini-Mental State Exam; SVF: semantic verbal fluency; TT: short version Token test. 
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effect which can act like a facilitator for the comprehension 
process. Also, differences in the test version and in the stud-
ied population may influence this finding inconsistency.

When the principal component analysis was performed 
with the TT and other neuropsychological measures, a three 
component structure was the most adequate for all the 
groups. The three factors seem to represent a general-cog-
nition/comprehension, verbal fluency and working memory 
components, respectively. As expected, due to the previous 
correlation, the MMSE and the TT loaded on the same com-
ponent in the three groups. These results differ from prior 
findings using the same tests in a heterogeneous cognitive-
ly impaired sample, suggesting a more characteristic pattern 
of mild AD12. Interestingly, the forward CB loaded partially 
on the first factor in the AD and the mixed group, indicat-
ing an association of spatial working memory and test per-
formance in these, probably because the tests demand visu-
ospatial processing for a motor output. This result and the 
lack of correlation between verbal working memory perfor-
mance (measured by the DS) and the TT suggest that the 
worst performance of mild AD patients would be more asso-
ciated with the motor output processing and programming 
rather than with the verbal input processing and comprehen-
sion. Future studies may verify the contribution of verbal and 
spatial working memory on test performance. 

The comparisons between AD patients and normal aged 
controls indicated that AD patients’ performance on the TT 
differs in the Complex Verbal Comprehension component 
(except for the second part despite its strong tendency to 
significance), but not in the Simple Verbal Comprehension 
one. Differences in test score were significant and show 
great (raw scores) or moderate (scaled scores) effect sizes, 
suggesting a robust dissociation of test performance when 
the two groups are compared. However, the ROC analysis 
indicates only low to moderate sensitivity and specificity. In 
this regard, as expected, the TT may not be a robust neurop-
sychological test for the discrimination of mild AD, since the 
purpose of the test is to detect aphasia. The classical semiol-
ogy of this syndrome is found in less than 60% of the cases26 
and the expected degree of impairment in those usually is 
not found in AD early stages. Our findings are supported by 
other studies using the instrument23. The progression of AD 
neuropathology and cortex diffuse degeneration usually im-
plies a less specific pattern of cognitive impairment. Since 
language system is a complex cognitive network distrib-
uted in several different neuroanatomical regions, usually 
defined as superior, medial and inferior temporal and fron-
tal gyrus, supramargianl gyrus, angular gyrus, insula, cingu-
late gyrus and subcortical structures like the ventrolateral 
and pulvinar nuclei of the thalamus27, the disease can affect 
various of its components, making it difficult to correctly 
track a language impairment pattern. Considering the per-
spective of Neuronal Ensembles28, critical components of a 

specific language process (like the comprehension of one 
of the TT orders) demand a restricted pattern of activation 
from circumscribed neurons in different brain regions. A 
lesion in one of these or in the connection fibers between 
them may disrupt the process, making it difficult to specify 
the impairment location.

There are, however, some considerations about the im-
paired performance of AD patients in the TT. Based on the 
cognitive model of single word processing proposed by 
Morton and Patterson29, the verbal comprehension of any 
single word would depend on the accurate perception of the 
auditory stimulus, being processed at the auditory input lexi-
con and analyzed by the semantic system. Since the TT uses 
instructions in different levels of complexity, a greater involve-
ment of the verbal working memory and an accurate syntac-
tical analysis of each sentence are also required. According to 
the language model proposed by Shalom and Poeppel30, the 
language processing can be divided in three main processes: 
analyzing, memorizing, synthesizing, which, in turn, can be 
divided into different brain regions: parietal cortex, tempo-
ral cortex and frontal cortex. All the three processes seem to 
be related to the TT performance, since the test orders must 
be analyzed, interpreted based on phonological, syntactical 
and semantic processes, and synthesized in a motor output 
(which demands visuospatial analysis, planning skills, mo-
tor coordination and spatial working memory). This series of 
complex cognitive processes demanded for the test execu-
tion may increase its sensitivity for language deficits, but im-
plies a lack of specificity, since circumscribed deficits in each 
task component may be at least partially responsible for im-
paired performance.

Limitations of the present study should be acknowledged: 
the sample size, the difficulty to control patients’ medica-
tions and the absence of another instrument to measure lan-
guage comprehension to be used as a parameter to validate 
the TT construct. Together, our results indicate that, while 
language impairment may be an important feature of AD, 
the TT should not be used alone in the evaluation process. 
A comprehensive neuropsychological exam is required to as-
sess other cognitive abilities that may play a critical role in 
this test performance. Nonetheless, the test has presented 
robust psychometric properties and specific performance 
profiles which help to differentiate healthy older adults from 
mild AD patients. 

In conclusion, the TT showed good evidences of psycho-
metric properties and it was a robust instrument in the char-
acterization of language impairments in mild AD patients, 
but it was not a sensitive and specific tool for detecting the 
disease. However, the TT is a multi-factorial test, and specif-
ic language impairments must be evaluated with some more 
specific instruments. Moreover, the scaled scores proposed 
by the most recent Brazilian normatization seem to be a 
more conservative approach for clinical practice.
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