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Abstract

Objective: Dementia among migrants is an emerging phenomenon worldwide and the development of neuropsychological tests sensitive to
cultural differences is increasingly regarded as a priority. The Clock Drawing Test (CDT) is one of the most used screening tools for the
detection of cognitive decline. Nevertheless, there is still a debate about its adoption as a cross-cultural assessment. Methods: To identify
cultural variables influencing performance at CDT, we performed a systematic review of literature on three databases of all studies considering
the role of at least one of the following: (1) language; (2) education; (3) literacy; (4) acculturation; and (5) ethnicity. Results: We extrapolated
160 analyses from 105 studies. Overall, an influence of cultural determinants on performance at CDT was found in 127 analyses (79.4%).
Regarding specific cultural factors, 22 analyses investigated the effect of ethnicity on CDT scores, reporting conflicting results. Only two
scoring systems turned out to be sufficiently accurate in a multicultural population. Language influenced performance in only 1 out of 8
analyses. A higher level of education positively influenced test performance in 118 out of 154 analyses (76.6%), and a better quality of education
in 1 analysis out of 2. A negative influence of illiteracy on CDT performance emerged in 9 out of 10 analyses. Acculturation affected per-
formances at CDT in 1 out of 2 studies. Conclusions: Based on the present findings, caution is needed when using CDT in a multicultural
context, even if it requires limited linguistic competence.
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Introduction instructions to draw a clock. In the free-drawn method, the subject
is asked to draw a clock from memory. In the pre-drawn method,
the request consists in drawing the numbers in the clock face and
setting the hands at a fixed time. Another version requires only set-
ting the hands at a fixed time on a pre-drawn clock complete with
contour and numbers. Several different CDT scoring methods have
been developed, including quantitative and qualitative systems, but
no consensus exists regarding which scoring method is the most
accurate (Spenciere et al., 2017).

The CDT requires the use of many mental skills: comprehen-
sion of the request of the examiner; memory to remember the
instruction to set the hands at a fixed time once the clock face is
complete; executive functions to coordinate the planning, organi-
zation, and simultaneous processing (including corrections and
inhibition of incorrect responses such as perseveration); visual-
perceptual and visual-motor abilities to internally represent the
clock, to translate the mental representation into a motor program,
and to monitor the output; linguistic competence for the grapho-
motor representation of numbers (Freedman et al, 1994).
Neuroanatomical regions involved in performing the CDT include
both cortical (dorsolateral prefrontal cortex, frontal, and parietal
lobes) and subcortical structures (thalamus, caudate, and corpus
callosum) (Eknoyan et al., 2012; Supasitthumrong et al., 2019).
Due to the various cognitive functions and the underlying neuro-
anatomical areas, the CDT is considered a cognitive screening tool,

International migration, with migrants defined as people who have
moved across an international border, is an increasingly important
phenomenon-worldwide. Due to population aging, dementia
among migrants is becoming an emerging public health concern.
In 2017, the number of migrants aged 65 years or older living in
Europe was 6.5 million. Nearly 400.000 dementia cases were esti-
mated in this population (Canevelli et al., 2019).

Aiming to develop diversity-sensitive models of diagnosis and
care, neuropsychologists must keep in mind the impact of culture
on performances in cognitive tests. Culture represents the set of
learned traditions and living styles shared by the members of a
society and includes the ways of thinking, feeling, and behaving
(Harris, 1983). Ardila (Ardila, 2020) identified different cultural
variables influencing human behavior in a neuropsychological
context such as language, the quality and the degree of formal edu-
cation, and the pattern of abilities and values developed as a con-
sequence of the cultural background (such as familiarity with a
one-to-one relationship, background authority of the examiner,
the concept of “best performance”). These considerations led to
the question of whether tests commonly used in neuropsychologi-
cal assessment are free from cultural biases.

The Clock Drawing Test (CDT) is one of the most widely used
cognitive tests. The subject is presented with white paper with
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Figure 1. PRISMA 2020 flow diagram of the systematic review.

providing a measure of the overall cognitive performance of the
individual (Ehreke et al., 2010; Shulman, 2000).

However, the use of the CDT as a screening test in a cross-cul-
tural context is still debated (Franzen et al., 2020). Given the ease of
administration and the limited linguistic competence required, the
CDT may be deemed appropriate to support a culture fair assess-
ment of the individual’s global cognitive functioning (Parker &
Philp, 2004). As proof of this, the CDT has been included as a subt-
est of the European Cross-Cultural Neuropsychological Test
Battery (CNTB) (Nielsen et al, 2018) which demonstrated
cross-cultural diagnostic properties for the evaluation of dementia
in targeted minority and majority populations.

The present systematic review aimed to summarise the available
evidence on the impact of the most commonly available and meas-
urable cultural variables on CDT performance. Special attention
was paid to the language used for the administration of the test,
education (considering both the level and the quality of education),
illiteracy (i.e., the absence of formal education or the inability to
read and write), the level of acculturation (i.e., cultural modifica-
tion of a group by adopting certain values and practices of a culture
that is not originally their own) and to ethnicity (intended as any
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human grouping that shares common racial, cultural, and linguis-
tic characteristics).

Methods
Study design

This systematic review was conducted and reported in accordance
with the Preferred Reporting Items for Systematic reviews and
Meta-Analyses for Protocols 2015 (PRISMA-P 2015) (Shamseer
et al., 2015) guidelines.

Search strategy

A literature search of original articles was conducted on three com-
prehensive medical databases (Web of Science, PsycInfo, and
PubMed) from their respective dates of inception up to
March 2022.

A targeted search was based on predefined search terms and
used various Boolean terms to build the various algorithms. The
search identified key concept combinations which can be described
as follows: (“Clock drawing test” OR “clock” OR “CDT”) AND
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Figure 2. Worldwide distribution of papers describing effects of cultural variables on clock drawing test performance. The size of the bubbles corresponds to the number of

studies conducted in each country.

(“cultur®” OR “educat*” OR “norm*” OR “ethnic*” OR “illiter*”
OR “languag*”). These words were translated into specific search
fields and syntaxes according to the different bibliographic data-
bases (see Appendix 1 in Supplementary Material for the complete
search syntax used for each electronic database).

Inclusion and exclusion criteria

The search was focused on human studies considering adults from
the age of 19 years. No language restriction was used. We included
only original reports which investigated the effect of at least one
cultural variable on performance at CDT. Specifically, we explored
the effect of: (a) language; (b) education; (c) illiteracy; (d) level of
acculturation; and (e) ethnicity. Exclusion criteria were: (1) studies
including minors and (2) studies that considered only the perfor-
mance on the Clock Reading Test or the Copy of a Clock.

Selection of the studies

Searched results were systematically screened by three reviewers
(GM, IC, and AN) for inclusion and exclusion criteria. We used
a three steps screening process. Firstly, duplicates were removed
both automatically and manually. Then, papers were screened
for titles and abstracts. Finally, the full texts of relevant studies were
searched and further assessed for eligibility criteria. In case of
doubts about eligibility, the paper was reviewed by all three authors
and included if two out of three were in agreement. Manual
searches were extended to papers describing scoring methods of
CDT cited in the selected articles to ensure that significant studies
would not be missed. The study selection process is detailed in a
PRISMA flow diagram (Figure 1).
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Data extraction and synthesis

Data were extracted from the selected studies and reported in a
dedicated database. The following information was retrieved from
each study: title, authors, year of publication, geographic area of the
study (defined as the one in which the patients were enrolled),
patient population, sample size, scoring systems used for the
CDT, and modalities of administration of CDT (free drawn,
pre-drawn, or only hands setting), cultural variables potentially
affecting the CDT score and type of influence of each cultural var-
iable considered in the study (Appendix 2 in Supplementary
materials).

In the papers where multiple CDT scoring systems were used,
each method was considered independently as a single analysis.
Therefore the total number of analyses considered is higher than
the number of studies included in the review. In the case of more
than one publication on the same population, the most informative
paper was considered. Data were synthesized qualitatively and
descriptive analyses were performed to describe the frequency of
evaluation of each of the five cultural variables considered.

Results
Search results

The PRISMA flow diagram of the literature search is shown in
Figure 1. Overall, 4431 papers were identified from a structured
search of three databases. Seven hundred thirty-one duplicates
were identified and removed. We then excluded 3411 articles by
screening the titles and the abstracts. A total of 289 papers were
assessed for eligibility and searched for the full-text screening,
28 of which were not available. One hundred and two papers fitted
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Table 1. Effects of cultural variables on the most frequently used clock drawing test scoring systems

Number of  Effect of educa- Effect of literacy  Effect of ethnicity (or Effect of lan- Effect of at least one cultural
Scoring system analyses tion n/N (%) n/N (%) race?) n/N (%) guage n/N (%) variable n/N (%)
(Shulman et al., 1993) 22 18/20 (90%) 2/3 (66. 7%) 2/2 (100%) - 21/22 (95.5%)
(Sunderland et al., 15 12/15 (80%) - 1/2 (50%) - 12/15 (80%)
1989)
(Royall et al., 1998) 14 12/13 (92.3%) 2/3 (66. 7%) 0/3 (0%) 14/14 (100%)
(Mendez et al., 1992) 9 6/9 (66. 7%) - 1/2 (50%) - 7/9 (77. 8%)
(Rouleau et al., 1992) 8 6/8 (75%) 1/1 (100%) 0/1 (0%) - 6/8 (75%)
(Freedman et al., 8 4/7 (57.1%) - 1/1 (100%) - 5/8 (62.5%)
1994) - Fd
(Freedman et al., 6 3/6 (50%) - - - 3/6 (50%)
1994) - Pd
(Freedman et al., 6 3/6 (50%) - - - 3/6 (50%)
1994) - Hs
(Wolf-Klein et al., 6 3/6 (50%) - 0/1 (0%) - 3/6 (50%)
1989)
(Nasreddine et al., 5 3/4 (75%) 2/2 (100%) - - 4/5 (80%)
2005) - MoCA
(Manos & Wu, 1994) 4 4/4 (100%) - - - 4/4 (100%)
(Morris et al., 1989) - 4 2/4 (50%) - 1/2 (50%) 0/2 (0%) 3/4 (75%)
CERAD

CERAD: consortium to establish a registry for Alzheimer’s disease; Fd: free-drawn; Hs: hands setting; MoCA: Montreal cognitive assessment; n/N (%): number of analysis where the effects were
found/Number of analysis where the effects were investigated (percentage of studies where the effects were found); Pd: pre-drawn.

Table 2. Effects of language on clock drawing test performance

Authors and

year Country Populations  Languages Scoring system Effect Type of effect Mediators

(Alegret et al., ESP nHW Spanish versus Catalan  (Golden, 1980) - no

2012) Luria’s Clock test

(Borson et al., USA AA, nHW, HW, English versus non- (Morris et al., 1989) - no

1999) AS, AM English speaking” CERAD

(Borson et al., USA AA, nHW, HW, English versus non- (Morris et al., 1989) - no

2000) AS, AM English speaking” CERAD

(LaRue et al., USA HW, nHW English versus Spanish (Goodglass & Kaplan, yes English > Spanish possible: education, income, rural
1999) 1983) (p=0.04) versus urban origin
(Lessig et al., USA HW, nHW, AA, English versus Chinese (Lessig et al., 2008) no

2008) AS versus Spanish

(Menon et al.,, USA HW, nHW English versus Spanish (Royall et al., 1998) - no

2012) CLOX 1

(O’Bryant USA HW English versus Spanish (Royall et al., 1998) - no

et al., 2018) CLOX 1

(Royall et al.,, USA HW English versus Spanish (Royall et al., 1998) - no

2003) CLOX 1

AA: African American; AM: American; AS: Asian; ESP: Spain; HW: Hispanic White; nHW: non-Hispanic White; USA: United States of America.

*Spanish, Korean, Chinese, and Filipino dialect.

the inclusion criteria. Three additional studies were identified from
citation searches on the relevant articles. A total of 105 studies were
thus included in the systematic review.

In 28 studies, more than one CDT scoring system was used;
since we considered each scoring method separately, we extrapo-
lated a total of 160 analyses from the 105 studies included. The
studies that were ultimately considered in the present analysis
are listed in Appendix 2 in Supplementary materials.

Relevant studies were conducted in 37 different countries
worldwide, mostly in the United States of America and Brazil, fol-
lowed by Italy, China, and Japan. The geographical distribution of
the considered studies is shown in Figure 2.

Most studies investigated the performance of the CDT in
healthy subjects. Some studies enrolled outpatients referred to
memory clinics whereas others compared patients with dementia
and healthy controls. The remaining papers examined subjects
with other neurological disorders. The minimum sample size of
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the relevant articles was 40 subjects and the maximum was 1873
subjects. Only 17 studies involved less than 100 subjects, whereas
31 studies involved more than 400 subjects. In 77 out of 109 analy-
ses (70.6%), age showed a negative correlation with performance
at CDT.

Due to the considerable number of scoring systems used, we
performed an additional evaluation of the most used and culturally
influenced scoring systems.

Scoring systems for CDT

Three studies did not specify the adopted CDT scoring method.
Twenty-eight studies used more than one scoring method.
Overall, 46 different CDT scoring systems were used in the selected
papers; free-drawn clocks and quantitative systems were used in
most of the cases. The most used scoring system was that of
Shulman et al. (Shulman et al, 1993), followed by Sunderland
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LO ED HI ED
Authors and year Country Scoring system Definition of low education SE (%) SP (%) SE (%) SP (%)
(Ainslie & Murden, 1993) USA (Shulman et al., 1986) <9 90.1 41.8 78.3 83.9
(Ainslie & Murden, 1993) USA (Shulman et al., 1993) <9 61.1 70.9 69.6 96.8
(Ainslie & Murden, 1993) USA (Sunderland et al., 1989) <9 74.1 44.3 78.3 83.9
(Ainslie & Murden, 1993) USA (Wolf-Klein et al., 1989) <9 48.2 89.9 47.8 100
(Aprahamian et al., 2010) BRA (Mendez et al., 1992) <5 80.5 87.5 744 61.0
(Aprahamian et al., 2010) BRA (Shulman et al., 1993) <5 81.8 92.5 72.1 74.6
(Aprahamian et al., 2010) BRA (Sunderland et al., 1989) <5 80.5 87.5 51.2 94.9
(Borson et al., 1999) USA (Morris et al., 1989) <9 94 85 70 100
(Kim & Chey, 2010) KOR (Todd et al., 1995) <7 53 88 60 92
(Lessig et al., 2008) USA (Lessig et al., 2008) <5 - - 71 88
(Lolekha et al., 2021) THA (Lolekha et al., 2021) <6 89.7 744 80 87.9
(Lourenco et al., 2008) BRA (Manos & Wu, 1994) <5 63 59 - -
(Lourengo et al., 2008) BRA (Shulman et al., 1993) <5 65 57 - -
(Lourenco et al., 2008) BRA (Wolf-Klein et al., 1989) <5 62 71 - -
(Lourengo et al., 2008) BRA (Sunderland et al., 1989) <5 59 64 - -
(Yap et al., 2007) SGP (Royall et al., 1998) <7 79 65 88 68

Note. BRA: Brazil; HI HE: higher education; KOR: Korea; LO ED: lower education; SE: sensitivity; SGP: Singapore; SP: specificity; THA: Thailand; USA: United States of America.

In bold are sensitivity and specificity < 65.

et al. (Sunderland et al., 1989) and Royall et al. colleagues (Royall
et al., 1998) (Table 1). As shown in Table 2, none of the most fre-
quently used scoring methods is free from the influence of the level
of education.

The influence of culture

An influence of at least one cultural variable on performance at
CDT was found in 127 of the analyses (79.4%). Considering only
the 18 studies that were conducted recruiting a multi-cultural sam-
ple, all but two found the effect of at least one cultural variable.

Language of administration

The language used for the administration of the CDT was exam-
ined in 8 studies (Table 2), mostly comparing performance
between English-speaking and Spanish-speaking subjects. In three
studies other languages were considered: Chinese, Korean, and
Filipino dialects. The language used for test administration signifi-
cantly affected the test score in only one study (LaRue et al., 1999)
and the authors suggested that it can be mediated by differences in
educational and income level or rural/urban origin.

Education

Quality of education

The effect of the quality of education on performance at CDT was
investigated in two studies (Hubbard et al., 2008; Johnson et al.,
2006). In both, the Wide-Range Achievement Test-3 (WRAT-3)
Reading subtest (Wilkinson, 1993) was administered along with
CDT. WRAT-3 is a test of word familiarity and reading ability,
considered a measure of estimated premorbid intelligence and a
marker of quality of education (Manly et al., 2002). The authors
found conflicting results. Hubbard et al. identified age and
WRAT-3 reading scores as the only predictors of CDT scores
assessed by Freund’s, Mendez’s, and Cahn’s global score scoring
methods (Cahn, 1996; Freund et al., 2005; Mendez et al., 1992).
The authors also showed that including the WRAT-3 reading
scores as covariates reduces the effect of education and race on per-
formance at the CDT; therefore, they suggested that normative
scores for CDT could be based on scores at the WRAT-3 instead
of on subjects” education and race. On the contrary, Johnson and
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colleagues found a significant effect of WRAT-3 reading scores on
several executive function tests, but not on CDT performance.

Level of education
The influence of the level of education was investigated in 154
analyses from 100 studies, documenting an influence on test per-
formance in 118 analyses (76.6%), all revealing a positive correla-
tion between educational level and CDT. Some authors found an
effect of level of education on performance at the CDT only
between subjects with a very poor education (differently defined
between the studies) when compared with all the others (Lessig
et al., 2008; Ravaglia et al., 2003; Senger et al., 2019; Shao et al,,
2020; Wolf-Klein et al., 1989). On the contrary, Cooke et al.
(Cooke et al., 2009) found that only completion of a tertiary educa-
tional level had a significant correlation with CDT performance.
Sixteen analyses from 8 studies examined CDT suitability for
low- or high-educated subjects (Table 3) finding hardly compa-
rable results since authors arbitrarily chose different cut-offs
(between 5 and 9 years) to distinguish between low and high edu-
cation. A limited specificity or sensitivity of CDT in the assessment
of low-educated and high-educated subjects was found in 10 and 4
analyses respectively. In addition, Cecato and colleagues (Cecato
etal., 2012) investigated the ability of CDT, assessed with different
scoring methods, to differentiate patients with different levels of
education and scores on the Clinical Dementia Rating (CDR)
Scale (Hughes et al., 1982). However, in all subjects with a high
educational level (> 11 years of education), CDT scores were
not able to differentiate patients with very different scores at the
CDR (0 vs. 2). Using modified Shulman and Sunderland scoring
methods all the subjects with more than 11 years of education
obtained CDT scores above the cut-off, regardless of the score
obtained at CDR. Only in subjects with less than 4 years of educa-
tion, CDT was sufficiently accurate in identifying each level of
CDR. Conversely, Scarabelot et al. (Scarabelot et al., 2019) showed
that the use of CDT in subjects with less than 4 years of education
could be impaired by the high rate of refusals to perform the test.
Thirty-six analyses failed to find a significant effect of education
on CDT performance. However, these studies involved smaller
populations, and most of them considered only specific ranges
of education, primarily mid range (i.e. > 10 years) (Bruce-Keller
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Authors and Definition
year Country of ethnicity Populations Scoring system  Effect Type of effect Mediators
(Amini et al.,  USA Race AA, HW, nHV Unspecified Yes HW < nHW (p < 0.01);
2021) AA < nHW (p < 0.001)
(Garrett et al., USA Race AA, nHW (Royall et al,, Yes AA < nHW (p < 0.001) possible: age, education, income,
2019) 1998) marriage
(Grober et al., USA Race AA, NnHW (Freedman Yes in patients with
2008) et al., 1994) CDR=0.5: AA < nHW
(p <0.05)
(Hubbard USA Race AA, NHW (Freund et al., No
et al., 2008) 2005)
(Hubbard USA Race AA, nHW (Mendez et al., No
et al., 2008) 1992)
(Hubbard USA Race AA, nHW (Cahn, 1996) - No
et al., 2008) quantitative
(Hubbard USA Race AA, nHW (Cahn, 1996) -  Yes AA < nHW (p =0.008) proved: quality of education
et al., 2008) qualitative measured with WRAT-3 Reading
raw score
(Hubbard USA Race AA, nHW (Cahn, 1996) -  Yes AA < nHW (p =0.023) proved: quality of education
et al., 2008) global measured with WRAT-3 Reading
raw score
(Hubbard USA Race AA, nHW (Freedman No
et al., 2008) et al., 1994) -
center
(LaRue et al., USA Race HW, nHW (Goodglass & Yes HW < nHW (p < 0.05) possible: education, income, rural
1999) Kaplan, 1983) versus urban origin
(Lessig et al., USA Race Ch, nHW, AA, (Lessig et al., No
2008) nChAs, HW 2008)
(Marcopulos USA Race AA, NHW (Sunderland No
et al., 1997) et al., 1989)
(Menon et al.,, USA Race HW, nHW (Royall et al., No proved:
2012) 1998) - In HW: age
- In nHW: age, education and
gender
(Nielsen et al., DEU, BEL, DNK, WE ethnic majority, (Shulman et al., Yes Migrant minorities
2018) SWE, NOR, GRC migrant minorities  1993) < WE majorities
(p < 0.001)
(Schillerstrom  USA Race AA, nHW (Royall et al., Yes  AA < nHW (p <0.001) proved: age, education,
et al., 2007) 1998) acculturation

AA: African American; BEL: Belgium; Ch: Chinese; DEU: Germany; DNK; Denmark; GRC: Greece; HW: Hispanic white; nChAs: non-Chinese Asian; nHW: non-Hispanic white; NOR: Norway; SWE:
Sweden; USA: United States of America; WRAT-3: wide-range achievement test-3; WE: Western Europeans.

Table 5. Suitability of CDT’ scoring system for a multicultural population on performance at CDT

Authors and year Country  Populations Scoring system Suitability”  Sensitivity (%)  Specificity (%) Mediators
(Borson et al., 1999)  USA AA, nHW, HW, AS, AM  (Morris et al., 1989) Yes 82 92 proved: education
(Storey et al., 2002) AUS EU, AS, SA, AF (Morris et al., 1989) No 90 28

(Storey et al., 2002) AUS EU, AS, SA, AF (Mendez et al., 1992) No 98 16

(Storey et al., 2002) AUS EU AS, SA, AF (Shulman et al., 1993) No 90 28

(Storey et al., 2002) AUS EU, AS, SA, AF (Sunderland et al., 1989) No 86 35 proved: education
(Storey et al., 2002) AUS EU, AS, SA, AF (Watson et al., 1993) No 82 30

(Storey et al., 2002) AUS EU, AS, SA, AF (Wolf-Klein et al., 1989) Yes 78 58

AA: African American; AF: African; AM: American; As: Asian; AUS: Australia; EU: European; HW: Hispanic white; nHW: non-Hispanic white; SA: South American; USA: United States of America.
*When a scoring system is defined as “suitable” it means that the author of the relative paper identified it as sufficiently accurate for the investigated multicultural population.

etal, 2012; Caffarra et al,, 2011; Gruber et al., 1997; Hill et al., 1995;
Lowery et al., 2003; Royall et al., 1999; Yamamoto et al., 2004) or
low range (i.e. < 6 years) (Alegret et al., 2012; Chan et al., 2005;
Marcopulos et al., 1999; Storey et al., 2002).

Illiteracy

In 10 analyses from 8 studies, illiterate subjects were involved.
Three studies defined illiterate as those subjects who never
attended school or attended school for less than 1 year; in the other
four studies, illiterate subjects were the ones who considered
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themselves unable to read and/or write, for example using the
Literacy Questionnaire interview (Moon & Chey, 2004), or unable
to respond to the “close your eyes” and “write a sentence” items of
Mini-Mental State Examination (Folstein et al., 1975). In three
studies, to be considered illiterate, subjects had to adhere to both
the previous definitions. All studies but one showed a negative in-
fluence of illiteracy on CDT performance, however, the latter
(Cassimiro et al., 2016) involved only subjects with less than 4 years
of education and found better performance in subjects with 3-4
years of education compared to subjects with less than 3 years.


https://doi.org/10.1017/S1355617722000662

710

Acculturation

Only two studies investigated the effect of acculturation on perfor-
mance at the CDT (Nielsen & Jorgensen, 2013; Royall et al., 2003).
Authors defined acculturation as a multidimensional process
whereby members of one cultural group adopt the attitudes, values,
and behaviors of another (Gordon, 1964). Acculturation was
assessed with the Hazuda scale (Hazuda et al., 1988), investigating
both English proficiency and the pattern of English versus Spanish
usage, or the Turkish adaptation of the Short Acculturation Scale
for Hispanics (SASH) (Marin et al., 1987; Nielsen et al., 2012).
Authors obtained conflicting results: Royall et al. (Royall et al,
2003) identified a significant but small effect of acculturation on
performance at CDT (all the sociodemographic variables com-
bined explained the 8% of the CDT variance; p < 0.001). On the
contrary, Nielsen and Jergensen did not find a significant correla-
tion between the CDT performance of Turkish migrants with years
of residence in Denmark and SASH score in both literate and illit-
erate subjects.

Ethnicity

Ten studies investigated the effect of ethnicity on CDT scores, and
most of them were conducted in the USA. In all but two studies,
authors operationalized ethnicity as different races, comparing
Caucasians with other races. Better performance of Caucasians
was found in half of the cases (Table 4). Nielsen et al. considered
ethnicity as the country of origin and found that migrant minor-
ities (Polish, Yugoslavian, Turkish, and Moroccan) display lower
scores than Western European majorities (Belgian, Danish,
German, Greek, Norwegian, and Swedish) (Nielsen et al., 2018).
Some possible factors underlying the association between ethnicity
and CDT score were identified in different papers, mainly age, level
and quality of education, and degree of acculturation, nevertheless
ethnicity maintained an influence on test scores even when con-
trolling for these variables.

Two studies examined the accuracy of different scoring meth-
ods in detecting dementia in a multicultural population (Borson
et al., 1999; Storey et al., 2002). Only two scoring systems turned
out to be sufficiently accurate in the target population, even if with
conflicting results (Table 5).

Discussion

The present study represents the first attempt to systematically
present and discuss the available evidence on the influence of cul-
ture on the performance at the CDT. An influence of the consid-
ered cultural variables was found in most studies, in particular in
three-quarters of the studies regarding the level of education (and
almost all those regarding literacy) and in half of the studies
regarding ethnicity and acculturation. Conversely, the language
of administration of CDT seemed to have a negligible effect.

Most of the studies included in this review have been conducted
in America and Europe, few studies have been conducted in Asia
(mainly China and Japan) and Africa. Few studies recruited a
multicultural sample. Sample sizes were very heterogeneous and
several systems have been used to score CDT, thus limiting the val-
idity of comparisons. None of the most used scoring systems
showed to be free from the influence of cultural variables.

Only a few studies investigated the influence of language in
which CDT is administered, most of which found no significant
effect. It is not surprising since the CDT requires limited linguistic
competence.
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When investigating the effect of education on CDT perfor-
mance, it is necessary to consider the quality of education as a pos-
sible confounding variable. Attending the same number of years of
school does not mean having the same education in qualitative
terms. The Reading Recognition subtest from the WRAT-3
(Wilkinson, 1993) can be used as a measure of reading ability
and quality of education (Manly et al., 2002). However, the rela-
tionship between quality of education and scores at CDT is still
poorly investigated, and the results are mixed. Many studies
focused on the effect of educational level on CDT performance,
identifying a positive correlation: as the level of education
increases, performance on the test improves. We hypothesize, fol-
lowing Ardila (Ardila, 2020), that two factors could mediate the
above relationship. First, the concept of familiarity: the subjects
with a higher educational level may be more familiar not only with
the material administered but also with the drawing activity and
paper and pencil assignments; they may also be more accustomed
to assessment contexts, including the one-to-one relationship, the
background authority of the examiner and the concept of best per-
formance. Secondly, the relationship between the level of education
and CDT performance might be mediated by cognitive reserve,
defined as the “adaptability (i.e., efficiency, capacity, flexibility)
of cognitive processes that help to explain differential susceptibility
of cognitive abilities or day-to-day function to brain aging, path-
ology, or insult” (Stern et al., 2020). The authors suggest that
differences in cognitive results are determined by processes influ-
enced by not only innate differences but also lifetime exposure,
including education, occupation, and social engagement.
Different studies showed that higher levels of education are asso-
ciated with a lower risk of dementia (Evans et al., 1997; Karp, 2004;
Stern et al., 1994). Therefore, it is possible that a higher level of
education, contributing to increasing the level of cognitive reserve,
induces an improvement in CDT performance. Results are mixed
when investigating the effect of education on the test in specific
education cohorts. Some studies have shown low accuracy of
CDT in subjects with low levels of education, while others have
identified a low specificity or sensitivity of the test in subjects with
high levels of education. CDT may not be suitable for detecting
cognitive impairment in low educated and illiterate subjects
because they may be excessively disadvantaged by the limited
training of the skills useful to perform the test; in addition, they
may suffer from unfamiliarity with the task and the assessment set-
ting. On the contrary, in highly educated subjects the greater cog-
nitive reserve and the increased familiarity with the task could
make the test too easy, leading to overestimating their cognitive
abilities. The high heterogeneity of enrolled cohorts and different
cut-offs used to identify different levels of education contributed to
the difficulty in interpreting these results. A small percentage of
studies identified no correlation between educational level and per-
formance on the CDT, but most of these studies recruited smaller
cohorts.

All the analyses except one found a significant effect of illiteracy
on CDT performance, both when illiteracy is defined as the
absence of formal education and when defined as the inability
to read and write. The authors explained the effect of illiteracy
as a consequence of poor development of constructional skills
and planning, organization, simultaneous processing, and self-
monitoring, all directly or indirectly trained in school (Kim &
Chey, 2010; Mokri et al., 2012; Nielsen & Jorgensen, 2013). Kim
et al. showed that illiterate older people made errors similar to
those of the Alzheimer’s dementia patients, specifically conceptual
errors. It is noteworthy that no one of the studies investigating the
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effect of illiteracy on the performance at the CDT was conducted in
the USA (where most of the studies included in the present review
were conducted), suggesting the possibility of an underestimation
of this issue.

The influence of acculturation on performance at the CDT has
been investigated in few studies, identifying at most a small effect.
One possible explanation can be found in the characteristics of ques-
tionnaires designed to assess the level of acculturation. Both of them
investigated acculturation levels comparing in different contexts the
frequency of speaking in the native language versus in the language
spoken in the host nation. Given the absence of the effect of language
on test performance, it is not surprising that acculturation as mea-
sured in this way also shows no significant effect. However, accul-
turation is a multidimensional process, before ruling out an
influence on the test further studies would be desirable that would
investigate the construct from a different perspective.

In the present review, we decided to include all papers investi-
gating the effect of “ethnicity” intended as a broad category. This
would have allowed us to consider all the studies that subdivided
subjects based on any ethnic characteristic such as race, culture of
reference, country of origin, and language spoken; nonetheless,
most studies defined ethnicity as race. Since most of these studies
were conducted in the USA, the reason for this categorization is
related to the prevalence of a long-standing migration in the
USA. Given that many migrants are second or third-generation
migrants, it should be difficult to categorize them based on their
country of origin. We found that the majority of the scoring sys-
tems developed to evaluate CDT performance seem to be inaccu-
rate in detecting dementia in a multicultural population. Moreover,
half of the studies found a better performance of the Caucasian
population when compared with other races. These results can
be explained partly by the mediating effect of the quality of edu-
cation. Manly et al. (Manly et al,, 2002) suggest that in the USA
there is a great deal of discordance in the quality of education
between Caucasian and African American subjects, and Avila
et al. (Avila et al., 2021), comparing the contribution of the level
of education to cognitive reserve in Whites, Blacks, and
Hispanics, found that educational attainment does not contribute
to cognitive reserve similarly across different racial groups.
Through the effect on cognitive reserve, the differences in the qual-
ity of education could explain the residual effect of ethnicity on
performance at the CDT even when controlling for the level of edu-
cation. In addition, it is well known that most of the neuropsycho-
logical tools are designed in an occidental context explicitly for a
WEIRD Population (Henrich et al, 2010) (that is Western,
Educated, Industrialized, Rich, and Democratic), so it should
not be surprising that patients belonging to the same cultural group
of the test developer usually obtain better results.

This study has some limitations. Firstly, we did not use specific
scales to assess the quality of the included studies. Secondly, we
included all the studies in which the effect of cultural variables
on CDT performance was considered, regardless of their sample
size and their sensitivity and specificity. Thirdly, the heterogeneity
of definitions used (such as the definition of “low” and “high” edu-
cation, ethnicity, etc.) and the several different CDT scoring meth-
ods used across studies do not allow us to perform a meta-analysis.
Finally, we were not able to find 21 papers. However, we would
highlight the strengths of our study too. We have considered sev-
eral cultural variables which can affect CDT performance and we
have taken into account also different scoring systems. Moreover,
we were able to include all the studies with no limitation of lan-
guages of publication.
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In future studies, we suggest better investigating the role of
quality of education and the level of acculturation on CDT perfor-
mance, especially as mediating factors of ethnicity and level of edu-
cation. Also, the suitability of the test for illiterate or low- high-
education level subjects should be better studied to avoid an over-
estimation or an underestimation of cognitive impairment in these
populations.

Conclusion

Based on these findings, CDT does not seem to provide a culturally
unbiased assessment of global cognition. These results suggest cau-
tion when using neuropsychological tests in a multicultural con-
text, even when limited linguistic competence is required.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1355617722000662
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