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ABSTRACT

Objective: Neuropsychological assessment of culturally diverse
populations is hindered by barriers in language, culture, education,
and a lack of suitable tests. Furthermore, individuals from diverse
backgrounds are often unfamiliar with being cognitively tested.
The aim of this study was to develop a new neuropsychological
test battery and study its feasibility in multicultural memory
clinics.

Method: Composition of the TULIPA battery (Towards a Universal
Language: Intervention and Psychodiagnostic Assessment) entailed
a literature review and consultation with experts and individuals from
diverse backgrounds. Feasibility was investigated by examining
administration and completion rates and the frequency of factors
complicating neuropsychological assessment in 345 patients from 37
countries visiting four multicultural memory clinics in the Netherlands.
Results: The test battery included existing tests such as the
Cross-Cultural Dementia screening (CCD), Rowland Universal
Dementia Assessment Scale (RUDAS), tests from the European
Cross-Cultural Neuropsychological Test Battery, and newly devel-
oped tests. Completion rates for the test battery were generally
high (82%-100%), except for CCD Dots subtest B (58%). Although
tests of the “core” TULIPA battery were administered often (median:
6 of 7, IQR: 5-7), supplementary tests were administered less fre-
quently (median: 1 of 9; IQR: 0-3). The number of administered
tests correlated with disease severity (RUDAS, p=.33, adjusted p <
.001), but not with other patient characteristics. Complicating fac-
tors were observed frequently, e.g. suboptimal effort (29%-50%),
fatigue (29%), depression (37%-57%).
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Conclusions: The TULIPA test battery is a promising new battery
to assess culturally diverse populations in a feasible way, provided
that complicating factors are taken into account.

Introduction

Over the past decades, Europe has become increasingly diverse. Many individuals
from culturally, educationally, and linguistically diverse backgrounds living in Europe—
in particular the “guest workers” who came to Europe as labor immigrants from Turkey
and North Africa between 1950-1974—are at a higher risk of cognitive impairment,
due to a higher prevalence of age-related medical conditions such as diabetes mellitus
(Kunst et al., 2011), stroke (Kunst et al., 2011), and dementia (Selten et al., 2020).
Neuropsychologists in Europe will therefore increasingly encounter such individuals
from diverse backgrounds in their clinical practice.

The cognitive assessment of individuals from culturally, educationally, and linguis-
tically diverse backgrounds in memory clinics can be hindered by several factors.
First, communication can be hampered by language barriers and differences in com-
munication styles, such as the level of directness or differences in perceptions of
when it is considered (in)appropriate to speak openly (Fujii, 2018). Assessment with
an interpreter is often necessary, but formal interpreters are inconsistently used across
Europe, particularly due to a lack of funding (Franzen et al., 2021). The use of informal
interpreters (particularly relatives) may be problematic due to the exclusion of the
patient from the conversation, an interpreter’s lack of familiarity with medical termi-
nology, difficulties in assessing a patient’s level of insight, and shame/embarrassment
in discussing sensitive topics (Kilian et al., 2014; Manly & Espino, 2004; Zendedel et al.,
2018a, 2018b). Second, differences in culture can impact perceptions of what is con-
sidered relevant information or what is considered “good” performance, as well as
whether individuals are familiar with the stimuli used in tests (Ardila, 2007; Chen
et al., 2014). Third, education—particularly literacy—influences processes such as
abstract thinking/reasoning skills, perception, the ability to name black-and-white line
drawings, and performance on tasks that require participants to draw, read, or count
(Ardila et al., 2010; Nielsen & Jgrgensen, 2013; Ostrosky-Solis et al., 1998; Reis et al.,
2001, 2006).

The abovementioned barriers to neuropsychological testing may coincide with a
lack of experience with being tested. This may result in incorrect expectations about
neuropsychological assessment in general (e.g. length, content), a lack of understand-
ing of the examiner’s role, or (disproportionate) nervousness or fear to look “stupid”
(Aghvinian et al., 2021). Patients with a diverse background may not be familiar with
“best performance” or speed tests (Ardila, 2007). They may experience distress when
the examiner points out errors or stops the test after the pre-set time limit has been
passed (Aghvinian et al., 2021). In diverse populations, it is therefore even more
important than usual to consider the patient’s understanding of neuropsychological
testing in general and of each individual test specifically, and to provide additional
explanations if needed (Aghvinian et al., 2021; Franzen on behalf of the European
Consortium on Cross-Cultural Neuropsychology, 2021). Additional practice items may
need to be provided (Rock & Price, 2019).
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Given the strong influence of diversity-related factors such as education, culture,
and language on the performance on traditional neuropsychological tests, more
suitable alternative tests are needed to assess culturally, educationally, and linguisti-
cally diverse populations. However, there currently is a lack of appropriate cognitive
tests and normative data (Franzen, van den Berg, et al., 2020; Franzen et al., 2021;
Nielsen et al., 2011; Ponsford, 2017). Several European initiatives have therefore
unfolded in parallel over the past few years, including the development and validation
of the European Cross-Cultural Neuropsychological Test Battery (CNTB; Nielsen et al.,
2018) and the Cross-Cultural Dementia Screening (CCD; Goudsmit et al., 2017), as well
as European validation studies of the Rowland Universal Dementia Assessment Scale
(RUDAS; Storey et al,, 2004; see also Nielsen & Jgrgensen, 2020). The RUDAS and CCD
are appropriate for screening purposes, whereas the CNTB thus far is the only large
test battery available for diverse populations in Europe that can provide a more
in-depth analysis of individual cognitive domains. Although the CNTB includes several
promising tests, it also contains a number of tests that are less suitable for patients
who are illiterate, because they require skills learned in the educational system, such
as graphomotor figure copy tests and the Color Trails Test (Nielsen, 2019). Last, some
cognitive domains, such as language (naming) and working memory, as well as per-
formance validity are not or insufficiently covered by the CNTB. Moreover, the validity
and feasibility of this battery has not been examined in diverse populations in the
Netherlands.

Given the expected rise in the number of individuals from culturally, educationally,
and linguistically diverse backgrounds visiting memory clinics, there is an urgent need
for a cognitive test battery that is suitable for this diverse population, taking into
account individuals’ limited experience with being tested. In this study, we used a
two-step process to address this need. First, we aimed to develop a new neuropsy-
chological test protocol—consisting of promising existing tests and/or newly devel-
oped tests—by examining the scientific literature and consulting with experts. It is
vital that such a test protocol has demonstrated feasibility, e.g. in terms of adminis-
tration time, user friendliness, and completion rates, and that the test results reflect
a patient’s optimal performance. To this end, potential secondary influences on neu-
ropsychological test performance that could complicate the assessment should also
be taken into consideration, such as suboptimal effort/malingering, depression, (mod-
erate to severe) anxiety, fatigue, pain, and motor and/or sensory impairments (Arnett,
2013). The second aim of this study was therefore to examine the feasibility of this
neuropsychological test protocol in a culturally, educationally, and linguistically diverse
memory clinic setting.

Part 1: development of the TULIPA test battery and optimization of
procedures

Methods

In the following paragraphs we first describe the development of the TULIPA test
battery (Towards a Universal Language: Intervention and Psychodiagnostic Assessment).
This multi-stage process included a literature review, consultation with European
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experts, and focus groups with Dutch specialists in cross-cultural neuropsychology.
Second, we present the tests included in the battery. Third, we describe the steps
towards implementation in clinical practice, including consultation with individuals
from a diverse background and streamlining of interpreter-mediated assessment.

To determine which tests should be included in the neuropsychological test battery,
we consulted the relevant international literature through a systematic review (Franzen,
van den Berg, et al., 2020). In addition, we carried out a Delphi expert study across
European Union-15 countries to determine which tests/practices are currently used
in cross-cultural neuropsychological assessment in countries with similar populations
(published in full elsewhere, for more detail see Franzen et al., 2021).

Next, we organized three focus groups with neuropsychologists experienced in
assessing diverse patient populations (neuropsychologists present per focus group:
6-9, total number of neuropsychologists that contributed to these focus groups: 12).
The goal was to identify relevant barriers and facilitators and select appropriate tests.
The participants were recruited from academic and non-academic memory clinics in
the three most populous and diverse cities in the Netherlands, as well as from two
organizations specializing in research or care for older diverse populations (an orga-
nization for intercultural psychiatry and an organization promoting cognitive health
in underrepresented populations). One participant was recruited in a more rural area
in the Netherlands. All participants were invited by email and received financial com-
pensation paid to their organization for participation and travel expenses. The par-
ticipants were predominantly female (92%), reflecting the underrepresentation of men
in the workforce of psychologists in the Netherlands. The face-to-face focus groups
lasted 2hours on average and included two short breaks. In the first focus group,
participants were asked through open-ended questions (1) which barriers they expe-
rienced in the neuropsychological assessment of diverse individuals; (2) which aspects
facilitated these assessments; and (3) where they saw areas of need. The focus group
leader facilitated the discussion of each of these topics and subsequently ensured all
participants’ perspectives were identified and clarified where needed. Group discussion
was encouraged. In the second focus group, the neuropsychologists were first pre-
sented with the available international instruments; they then (1) discussed which of
the available instruments they considered suitable candidates for the test battery and
(2) identified the need for the development of new tests and/or questionnaires. In
the third focus group, the participants finalized their selection for the test battery.
All session were videorecorded with consent of the participants and were transcribed
verbatim. The focus groups were analyzed and coded by the first author through a
combined deductive/inductive approach to thematic analysis (Roberts et al., 2019).

Subsequently, we organized a two-hour consultation with ten community-dwelling
individuals from culturally and educationally diverse backgrounds recruited by com-
munity liaisons through a local network of diverse, faith-based community organiza-
tions (including both male and female participants). Some participants had prior
experience with dementia in their personal network or through their occupation; one
participant had previously been cognitively assessed. Given the potential mistrust in
research (Gilmore-Bykovskyi et al., 2019), we prioritized trust-building in this meeting,
and therefore decided to not record the personal information of the participants nor
did we make any formal audio or video recordings during the meeting. All information
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provided by participants was recorded through extensive note-taking and analyzed
by one coder using a general inductive approach. The community liaison was present
during the entire meeting. The aims of the consultation were (1) identifying how
diverse individuals perceive the TULIPA tests, stimuli, and procedure and (2) deter-
mining which additional instructions are needed to use the tests in clinical practice.
In three subgroups, the participants were first asked the following questions: “What
do you think of these tests/what are your impressions of these tests?” and “What do
you think we want to measure with these tests?” Afterwards, the purpose and instruc-
tions of the test were explained in Dutch by the discussion leader (SF, native Dutch
background), while two bilingual, bicultural research assistants aided in case of a
language barrier. Participants were then invited to share their opinions, thoughts, and
emotions about the tests and assessment in general. All participants received a gift
certificate as a token of appreciation for participating and received the summary of
the meeting’s findings by email from the community liaison.

Last, to ensure smooth implementation, we attempted to standardize
interpreter-mediated assessment through a group discussion with a team of bilingual,
bicultural interpreters with a background in medicine, (neuro)psychology, or para-
medical disciplines. Furthermore, a manual for neuropsychological assessment with
the TULIPA battery was written, which included guidelines for history taking, as well
as administration, scoring, and interpretation of tests.

Results

Development of the TULIPA test battery

In the review and Delphi study, we found that memory was relatively well-studied in
culturally and educationally diverse populations, whereas suitable tests for some other
cognitive domains, such as language (e.g. naming) were urgently needed (for more
detail, see Franzen et al, 2021; Franzen, van den Berg, et al., 2020). The available
tests and norms identified in these studies were presented in the subsequent focus
groups with neuropsychologists. The experts in the Delphi study strongly recom-
mended assessment using formal interpreters where possible and also provided
recommendations how to carry out such an assessment (see also Implementation of
the test battery).

In the focus groups with neuropsychologists, several barriers to cognitive testing
were identified. These barriers largely reflect those presented in the international
literature, such as issues with working with interpreters, a lack of available tests and
norms, specific test elements that are less suitable to culturally and educationally
diverse populations (e.g. black-and-white line drawings, graphomotor tests), and
challenges in determining whether a patient performs optimally. It was agreed in
the second focus group that the battery at a minimum needed to cover the cognitive
domains of memory, language, visuoconstruction, mental speed, attention, working
memory, and executive functioning. These domains were selected because they are
often impaired in individuals with cognitive impairment due to neurodegenerative
disease. These tests should make it possible to determine a profile of impaired and
intact cognitive functions that can aid in the differential diagnosis. In the third focus
group, the neuropsychologists reached a consensus on tests to be included in the
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TULIPA battery. The test battery consisted of several core tests already validated in
culturally, educationally, and linguistically diverse populations in the Netherlands
and a number of supplementary tests from the international literature. The neuro-
psychologists agreed that two new tests should be developed to cover aspects that
could not be measured in a valid and reliable way with existing tests. First, the
focus group highlighted the need for a new naming test—in line with findings of
the Delphi study. Second, the neuropsychologists in the focus group identified a
need for a test to examine academic achievement/quality of education by means
of a literacy screening test; for example, one participant suggested the development
of a literacy screening tool based on the Adult Literacy Supplemental Assessment
of the National Assessment of Adult Literacy (National Center for Education
Statistics, 2003).

The TULIPA test battery
The neuropsychological tests that were ultimately included in the TULIPA battery
are displayed in Table 1. The core battery, administered as the “gold standard” to
all patients, consisted of the RUDAS, which was validated in the Netherlands by
Goudsmit et al. (2018), the CCD (Goudsmit et al., 2017), the modified Visual
Association Test (Franzen et al., 2019), and semantic verbal fluency (animals and
foods). The CCD consists of three tests, the Objects test (subtest A and B) for
memory, as well as the Sun-Moon test (subtest A and B) and the Dots test (subtest
A and B) measuring mental speed/attention and executive functioning. The mod-
ified Visual Association Test is a visual-associative memory test validated in diverse
populations in the Netherlands which uses colored photographs as stimuli, instead
of the black-and-white line drawings in the original test (Lindeboom & Schmand,
2003). The supplementary battery contained two tests of visuospatial functioning:
The Clock Reading Test from the CNTB (Nielsen et al., 2018) and the Stick Design
Test (Baiyewu et al., 2005); the latter was selected as it does not require any
graphomotor drawing skills. In the domains of attention/mental speed/executive
functioning, we included the Five Digit Test (Sedo, 2004) and a Turkish version of
the Stroop test (Karakas et al., 1999), to be administered only to Turkish-speaking
patients who are literate. The Corsi Block Tapping Test (Corsi, 1972) was added as
a measure of (visual) working memory as the more commonly used digit span is
heavily influenced by language of administration (Franzen, van den Berg, et al.,
2020). The supplementary battery contained one additional memory test, the
Recall of Pictures Test of the CNTB (Nielsen et al.,, 2018). The Coin-in-the-Hand
Test (Kapur, 1994) was used to detect suboptimal performance. The Naming
Assessment in Multicultural Europe (NAME: Franzen et al., 2022) was developed
and validated over the course of 2018-2019. It is a 60-item naming test using
colored photographs as stimuli as opposed to black-and-white line drawings. A
second instrument that was developed was a literacy screening tool to capture
educational quality/academic achievement (unpublished); an experimental version
was developed for Dutch, Turkish, and Moroccan-Arabic.

In addition to neuropsychological tests, several questionnaires were used such as
the short Informant Questionnaire on Cognitive Decline (IQCODE; Goudsmit et al.,
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2021; Jorm & Jacomb, 1989) and adapted versions of the Geriatric Depression Scale
(GDS; Uysal-Bozkir et al., 2016; Yesavage et al., 1982). Acculturation was measured
with a shortened, adapted Short Acculturation Scale for Hispanics (SASH; Marin
et al., 1987).

Implementation of the test battery and optimization of test procedures

In the consultation with individuals with a diverse background, we found that the
goal of each of the individual tests and the relationship with everyday cognitive
functioning was often unclear to the participants—in line with the findings by
Aghvinian et al. (2021). In some cases, participants assumed aspects had meaning
beyond the original intention of the test; for example, one participant thought that
the Stick Design Test was meant to induce a perceptual illusion (see Supplementary
Table 1 for example quotes and how these findings were subsequently used).
Participants provided several comments on the large number of items or length of
the tests. Furthermore, they reported their first (emotional) reactions to the stimuli,
such as feeling nervous or overwhelmed, particularly when faced with time pressure.
After having been explained what the tests were supposed to measure, the partici-
pants provided feedback on the best ways to instruct patients. Participants recom-
mended neuropsychologists to provide more extensive information about the
assessment before the actual appointment, or even to invite the caregiver for a
separate session before the assessment to explain the procedure. The participants
also provided advice how to ensure poor performance was indicative of cognitive
impairment and not caused by other factors. For example, they recommended neu-
ropsychologist to verify whether patients had been able to tell the time before
administering the Clock Reading Test.

These recommendations provided by the individuals with diverse backgrounds on
the instructions during the consultation session were incorporated into the manual.
The manual also included the recommendations for interpreter-mediated assessment
described in more detail in the Delphi study (see Franzen et al., 2021). Two follow-up
meetings with the participating neuropsychologists were organized after data collec-
tion had started to share experiences and ensure test administration was comparable
across centers.

In the discussion with interpreters, some aspects of interpreting during neuro-
psychological assessment were identified as problematic; for example, it proved
particularly challenging to translate questions relating to sustained and divided
attention, as well as mental speed—these terms often had to be explained using
examples and longer sentences because adequate terminology capturing these terms
was not available in all languages. In addition, regional variations/dialects made
interpretation challenging for some populations; for example, four interpreters speak-
ing Tamazight, a Moroccan language family, often used regionally appropriate ter-
minology that was unfamiliar to the interpreters from the other regions. Similarly,
one of the neuropsychologist who participated in the focus group was made aware
by a certified interpreter that it was impossible to translate the patient’s words
literally because he/she was speaking in metaphors, the meaning of which would
be lost if translated literally.
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Part 2: feasibility of the TULIPA battery
Methods

Participants
For the feasibility study, we enrolled 345 patients at four Dutch memory clinics spe-
cializing in the assessment of culturally, educationally, and linguistically diverse pop-
ulations: The Erasmus MC University Medical Center in Rotterdam (hereafter: “Rotterdam
1"), the Maasstad Ziekenhuis in Rotterdam (“Rotterdam 2”), the Haaglanden Medical
Center in The Hague, and Medisch Spectrum Twente in Enschede (see Table 2). In
these multicultural memory clinics, services are tailored specifically to diverse popu-
lations; for example, staff members (1) provide patients with culturally and linguistically
appropriate information about cognitive impairment and subsequent cognitive assess-
ment, (2) often use tools such as a cultural (formulation) interview and/or “teach-back”
methods (Kripalani et al., 2008) to facilitate communication, and/or (3) may collaborate
intensively with culture-sensitive care providers to offer suitable care after a diagnosis.
The Rotterdam 1, the Hague, and Enschede cohorts were enrolled consecutively,
whereas the Rotterdam 2 cohort consisted of a subset of patients referred specifically
for more extensive neuropsychological assessment after completing initial screening
tests from the core battery (e.g. RUDAS). Patients were enrolled between January
2019 and May 2021. The NAME and literacy screener were introduced to the battery
after their development was complete (October 2019). The majority of patients were
immigrants from Turkey (n=115, 33%), Morocco (n=67, 19%), and Suriname (n=57,
17%); all included Cape Verdean patients (n=16, 5%) lived in Rotterdam, while Syrian
patients (often with a Syriac-Orthodox background) were often seen in Enschede
(n=13 out of 16, 5%). In total, we included patients originating from 37 countries.

Procedure

All patients underwent neuropsychological testing with the TULIPA test battery as
part of their routine clinical visit. The maximum duration of the neuropsychological
assessment including history taking was 180 minutes. Neuropsychologists were free
to select tests from the list of supplementary tests after completing the core battery.
All neuropsychologist received the TULIPA test manual including scoring and admin-
istration guidelines. The two Rotterdam sites used formal interpreters for their assess-
ments, while no formal interpreters were generally used in Enschede or the Hague,
where assessments were mostly conducted with an informal interpreter or in Dutch
(e.g. for Surinamese patients proficient in Dutch). The formal interpreters were either
hired from a nationwide interpreter agency or hired and trained directly by one of
the participating multicultural memory clinics. In all centers, the diagnostic workup
consisted of a comprehensive clinical evaluation, with history taking by a geriatrician
or neurologist, a neuropsychological assessment with the TULIPA test battery, and
standard laboratory screening; structural brain imaging was performed in a subset of
patients (n=234, 67%). Clinical diagnoses were determined in multidisciplinary con-
sensus meetings with (at a minimum) a neuropsychologist and geriatrician or neu-
rologist present, based on all the available clinical information and using the diagnostic
research criteria for subjective cognitive impairment (Jessen et al., 2020), mild cognitive
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impairment (Albert et al., 2011), and dementia subtypes (e.g. McKhann et al,, 2011;
Roman et al., 1993), and the DSM-V for primary psychiatric disorders (American
Psychiatric Association, 2013).

Feasibility was operationalized in two ways. First, we recorded the number of times
a test was administered and the number of times the test was completed. Second,
we collected data on the presence of complicating factors (or “secondary influences,’
Arnett, 2013) in neuropsychological assessment; these included suboptimal effort,
depressive symptoms, anxiety, pain, other somatic complaints that may interfere with
testing, fatigue, motor impairments, and sensory impairments. We collected this infor-
mation retrospectively by analyzing the neuropsychological reports (see Supplementary
Table 2 for example codes). We included both complicating factors that were
self-reported during the assessment and subsequently written down in the patient
records, as well as observations made by the neuropsychologist. The coding and
analysis were done by one author (SF); cases of doubt were resolved in consensus
with a second author (JMP). For the analyses of the complicating factors, we only
had data available from the Rotterdam 1, the Hague, and Enschede cohorts, as the
complete patient records including the observations were not available for the
Rotterdam 2 site (n=22) due to local privacy regulations. Ethical approval for the
study was obtained from the institutional review board of the Erasmus Medical Center
(MEC-2019-0036); additionally, local approval was obtained from the (scientific) boards
of all participating centers. All procedures used in this study adhere to the tenets of
the Declaration of Helsinki.

Statistical analysis

Statistical analyses were carried out using IBM SPSS Statistics version 25. Descriptive
analyses were used to examine administration and completion rates. We used Spearman
correlations to examine the association between administration rates, demographic
characteristics (sex, age, education, number of years in The Netherlands), and indices
of disease severity (RUDAS, short IQCODE). We corrected for multiple testing using
False Discovery Rates (FDR) based on Benjamini-Hochberg adjusted p-values. To inves-
tigate the influence of site and interpreter presence, we compared the number of
tests administered at each study site using a Kruskal-Wallis test and compared admin-
istration rates with and without a formal interpreter present using a Mann-Whitney
U test. Second, we calculated how often factors complicating the neuropsychological
assessment were present, and subsequently examined the association between the
number of complicating factors, the administration rate, demographic characteristic,
and disease severity (RUDAS, IQCODE) with Spearman correlations corrected for FDR.
In addition, we quantified depressive symptoms using the GDS and suboptimal per-
formance using the Coin-in-the-Hand test.

Results

Feasibility of the TULIPA neuropsychological test battery
Table 3 shows the administration and completion rates of the TULIPA battery tests
(see Supplementary Table 3 for the rates by study site). The median number of core
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Table 3. Number of times TULIPA tests were administered and subsequently not completed.

Administered (of n=345) Not completed (%)
Core battery
RUDAS 290 (84%) 6 (2%)
CCD Objects test A 298 (86%) 7 (2%)
CCD Objects test B 284 (82%) 10 (4%)
CCD Sun Moon test A 290 (84%) 8 (3%)
CCD Sun Moon test B 281 (81%) 34 (12%)
CCD Dots test A 275 (80%) 49 (18%)
CCD Dots test B 230 (67%) 97 (42%)
Animal fluency 295 (86%) 2 (1%)
Food fluency; supermarket fluency? 186; 35 (54%; 10%) 0 (0%)
Modified Visual Association Test (short or long) 227 (66%) 3 (1%)
Supplementary tests
Literacy screener total 71 (21%) 1 (1%)
Five Digit Test Reading and Counting 51; 51 (15%) 0 (0%)
Five Digit Test Choosing and Shifting 50; 39 (14%; 11%) 1; 4 (2%-10%)
Turkish Stroop Cards 1; 3; 4 (Attention/speed) 17; 17; 17 (5%) 0; 0; 1 (0%—6%)
Turkish Stroop Cards 2; 5 (Executive) 17; 16 (5%) 0; 0 (0%)
Recall of Pictures Test—naming subtest 90 (26%) 0 (0%)
Recall of Pictures Test—memory subtests 86 (25%) 0 (0%)
Corsi Block Tapping Test 66 (19%) 0 (0%)
Coin in the Hand Test 112 (32%) 3 (3%)
Stick Design Test 72 (21%) 2 (1%)
Clock Reading Test 85 (25%) 7 (8%)
Naming Assessment in Multicultural Europe 95 (28%) 3 (3%)

RUDAS =Rowland Universal Dementia Assessment Scale, CCD=Cross Cultural Dementia Screening.
2Supermarket fluency, which is traditionally recommended in the Netherlands for the assessment of low educated
individuals, was administered in The Hague instead of food fluency in some cases.

tests administered across the sample was six out of seven (inter quartile range (IQR):
5 to 7). This number differed significantly by study site (H (3) = 13.25, p = .004; see
Table 1 for medians) and depending on whether a formal interpreter was present
(U=18,257.50, p < .001). Most tests, including the CCD Objects test, RUDAS, and
animal fluency showed high administration and completion rates. The CCD Dots
subtest B was administered less often than the other tests of the CCD; this can partly
be explained by the number of individuals who could not complete subtest A (and
as a result were not administered part B). The CCD Dots subtest B frequently was
not completed (42%). It was sometimes observed that patients counted the number
of dots presented in each of the items. Many of the patients that completed the Dots
subtest B needed one or more hints (e.g. =1 hint in 78%; =2 in 63%, and =5 in 28%).

The supplementary tests were used less often than the core battery (Table 3, bottom
half); a median of one test from the list of supplementary tests was administered per
patient (IQR: 0 to 3/9 tests). The number of administered supplementary tests differed
by study site (H (3) = 83.79, p < .001; see Table 1 for medians) and depending on
whether a formal interpreter was present (U=21,949.50, p < .001). A subset of patients
were administered a more substantial number of supplementary tests (e.g. =5/9 in
13%). Supplementary tests showed high completion rates (between 90%-100%). A test
that was administered relatively infrequently was the Turkish version of the Stroop
test (n=17), which was likely due to the limited number of literate Turkish patients
in the sample (n=61; assessment rate in this group 28%). A larger number of tests
that was administered was associated with better overall cognitive performance as
measured by the RUDAS (p=.33, adjusted p < .001). We did not find a significant
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Table 4. Presence of complicating factors in the assessments.

Complicating factor Measure Times observed (%)
Suboptimal effort/motivation Suboptimal effort observed 92/314 (29%)
Suboptimal effort on Coin-in-the-Hand 54/109 (50%)
2-4 errors 31/109 (28%)
>5 errors (chance level and below) 23/109 (21%)
Patient refuses to continue with testing 28/317 (9%)
Depression Depressive symptoms observed during testing 98/262 (37%)
Depression on GDS-15 (score > 6) 138/243 (57%)
Anxiety Anxiety observed/reported during testing 44/260 (17%)
Fatigue Fatigue observed/reported during testing 103/317 (32%)
Pain Pain observed/reported during testing 38/317 (12%)
Other physical symptoms that hinder testing 19/317 (6%)
Motor impairment Motor impairments that hinder testing 21/317 (7%)
Sensory impairment Sensory impairments that hinder testing 41/317 (11%)

correlation with any other patient characteristics (i.e. sex, age, education level, years
in the Netherlands, short IQCODE [n=96]). A total of 28 patients (9%) at some point
refused to continue with testing; a median of 5.5 tests (IQR: 3.0 to 7.8 tests) of the
core and supplementary batteries had been administered before testing stopped.

Presence of complicating factors and relationship with demographics, disease
severity, and number of tests administered

Table 4 shows the frequency of complicating factors observed during the neuropsy-
chological assessment (coded according to the system in Supplementary Table 2).
Depressive symptoms (37% of the sample), suboptimal effort (29%), and fatigue (32%)
were observed frequently. The number of patients who showed symptoms of depres-
sion was even higher when formally measured with the GDS (57%). In cases where
neuropsychologists decided to formally test effort using the Coin-in-the-Hand test
(32% of all cases), close to half of the tests were indicative of possible suboptimal
performance. A larger number of complicating factors was present in patients who
were younger (p=-.23, adjusted p = .001) and female (p=.21, adjusted p = .003). We
did not find any significant correlations with other patient characteristics (education
level, years in the Netherlands, RUDAS score, IQCODE score). Although complicating
factors were observed to some degree in patients with all types of diagnoses, they
were observed slightly more often in patients who were ultimately diagnosed with
psychiatric illness (e.g. depression, post-traumatic stress disorder; see Supplementary
Figure 1 for a plot showing the distribution of complicating factors across diagnostic
groups). There was no significant correlation between the number of administered
tests and the number of complicating factors present during neuropsychological
testing.

Discussion

Few neuropsychological tests are available that are suitable for culturally, linguistically,
and educationally diverse populations unfamiliar with undergoing formal tests. Our
aims were therefore (1) to compose a test battery specifically for such a population,
and (2) to examine the feasibility of this battery in a multicultural memory clinic
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setting. The TULIPA test battery was composed after a literature review, consultation
with European experts, and focus groups, and the implementation phase included
consultations with individuals from diverse backgrounds and streamlining of
interpreter-mediated assessment. The newly composed TULIPA test battery included
tests such as the CCD, RUDAS, mVAT, and several subtests of the CNTB, as well as
newly developed tests to assess language (NAME) and a literacy screener (as an
academic achievement test). Our results indicated that, with the exception of the
Dots subtest B of the CCD, administration and completion rates of the core test
protocol were high, indicating that the core battery is feasible. A limited number of
supplementary tests were administered per patient, but when used, completion rates
were similarly high. The number of tests that could be administered was associated
with disease severity as measured by the RUDAS, but not with other patient charac-
teristics. Factors complicating the neuropsychological assessment that may impact
feasibility were observed frequently, in particular suboptimal effort/motivation, fatigue,
and depressive symptoms. Last, our consultations with interpreters highlighted that
neuropsychologists should be aware that interpreters may (need to) deviate from
translating literally during interpreter-mediated cross-cultural assessments and that
communication difficulties may arise if interpreters and patients speak (slightly) dif-
ferent dialects.

Unsurprisingly, we found that fewer TULIPA tests were administered in patients
with more objective cognitive impairment. The lack of association with any other
patient characteristics, such as age or number of years living in the Netherlands,
makes this a promising battery for the assessment of diverse populations. Although
the current study does not allow for a formal comparison of the feasibility of different
approaches to the assessment of diverse populations—e.g. the use of the TULIPA
battery versus simple translations of traditional Dutch tests—it seems likely that the
TULIPA battery represents an improvement in feasibility, given the issues identified
in past research in the assessment of diverse populations with traditional test bat-
teries in memory clinics (Nielsen et al., 2011). The TULIPA battery incorporates some
of the psychometrically sound elements of the CNTB (Nielsen et al., 2018)—the only
battery available for European diverse populations thus far (Franzen et al., 2021)—
while also tailoring to very low-educated individuals and covering several (additional)
cognitive functions (naming, non-graphomotor visuoconstruction, working memory),
performance validity, and quality of education. Before assessment with the TULIPA
battery can become recommended practice, however, diagnostic accuracy studies
should be carried out to determine the validity of the individual tests in the TULIPA
supplementary test battery. For example, although the first international diagnostic
accuracy studies of the Stick Design Test were promising (e.g. Baiyewu et al., 2005;
de Paula et al., 2013), diagnostic accuracy was poor in a later study (Ortega et al,,
2021). Diagnostic accuracy studies in patient populations with different diagnoses
may also result in clinical guidelines to decide which tests to prioritize for which
patient. In addition to these diagnostic accuracy studies, the knowledge and skills
relevant for cross-cultural neuropsychological assessment in Europe as identified in
the Delphi study (Franzen et al., 2021) should be transformed into guidelines to help
neuropsychologists determine whether they possess the necessary competencies to
assess patient with diverse backgrounds in Europe.
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Factors complicating the neuropsychological assessment, in particular depressive
symptoms, fatigue, and suboptimal effort (likely often related to fatigue), occurred in
between a quarter and half of all patients. The number of complicating factors
observed was not associated with the number of tests that was administered; that
is, patients with pain, fatigue, or depressive symptoms were not administered fewer
tests because of these symptoms. Interestingly, these complicating factors were
observed more frequently in women and in younger individuals. This might be
explained by the large number of complicating factors in patients with psychiatric
diagnoses, who in this study were often relatively young and in whom symptoms of
depression or anxiety (by definition) are common. In clinical practice, factors such as
fatigue should be monitored during the assessment, e.g. by frequently asking the
patient if they are tired and/or need a break. Although studies investigating the
influence of fatigue on cognitive test performance show that fatigue may not uni-
versally impair performance on objective measures of cognitive functioning (e.g.
Johnson et al.,, 1997), it may impact the willingness to undergo (additional) tests and
the overall experience of neuropsychological testing.

It is worthwhile to note that no studies have been carried out comparing perfor-
mance on the Coin-in-the-Hand test between individuals from culturally, educationally,
and linguistically diverse backgrounds with objective memory impairment and indi-
viduals with feigned memory problems. It is widely established that persons with
dementia in particular can fail performance validity tests due to objective cognitive
impairment (Dean et al,, 2009); the finding that a large number of individuals obtained
a score below the cutoff on the Coin-in-the-Hand test should therefore be interpreted
with caution. Few if any alternatives to the Coin-in-the-Hand test are currently avail-
able to detect suboptimal performance in the diverse populations assessed in European
memory clinics. Studies suggest that false-positive results on performance validity
tests may occur more frequently in diverse populations when traditional tests such
as the Test of Memory Malingering or Rey-15 are used (Nijdam-Jones et al, 2017;
Nijdam-Jones & Rosenfeld, 2017). For example, one quarter of the healthy adults
tested with the Test of Memory Malingering in Paraguay were misclassified as dis-
playing insufficient effort (Nijdam-Jones et al., 2017). Although the Amsterdam
Short-Term Memory test (Nijdam-Jones & Rosenfeld, 2017) showed more promising
sensitivity and specificity, this test cannot be administered to low-educated popula-
tions because it requires participants to read and calculate. Last, it is challenging to
derive embedded measures of performance validity from TULIPA test scores, such as
from the animal fluency score. Although such measures are increasingly recommended
(e.g. Sugarman & Axelrod, 2015), separate cut-offs would likely be required for each
language given the substantial influence of language on the number of words gen-
erated during animal fluency (Kempler et al., 1998).

Some limitations should be acknowledged. First, feasibility can be investigated
in @ number of ways, and only a select number of indicators were investigated here.
Previous feasibility studies in neuropsychology have also looked into (1) experiences
of the patients undergoing the tests (e.g. Hildebrand et al., 2004; Spreij et al., 2020),
(2) how often participants required breaks (Spreij et al., 2020), and (3) test-specific
feasibility aspects (e.g. visibility of stimuli). A study of these other indicators of
feasibility can provide an even more in-depth perspective on feasibility of the TULIPA
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battery. Second, some centers administered “traditional” neuropsychological tests
that are not part of the TULIPA protocol to some of their patients, instead of the
supplementary TULIPA subtests; for example, several higher educated Surinamese
individuals proficient in Dutch underwent tests (e.g. a Dutch auditory verbal learning
test) not included in the sum score for the total number of tests administered.
Therefore, it may have been possible to administer more TULIPA tests had the neu-
ropsychologist selected those. Other site-specific factors, such as the type of patient
population and referrals, as well as the availability and use of formal interpreter
services may also have influenced the number of tests administered at each site.
Third, the feasibility study was carried out in a clinical setting, in which the clinicians
were allowed to choose how many and which tests from the list of supplementary
tests they felt necessary and worthwhile to administer. This leads to a selection
bias—that is, we cannot ascertain the feasibility of the tests in individuals in which
they were not administered. Last, all coding was performed by one person, pre-
cluding analyses from multiple perspectives and/or analyses of intercoder reliability/
consistency.

This study has several strengths. First, the test protocol was developed based on
a thorough review of the available international tests and practices and was decided
upon in consensus with neuropsychologists who often assess culturally, educationally,
and linguistically diverse populations. Second, individuals from diverse backgrounds
were actively consulted in the development stages of the battery and their feedback
was incorporated in the implementation phase. Third, the data were collected in
multicultural memory clinics that have ample experience in assessing culturally, edu-
cationally, and linguistically diverse populations. Last, we were able to include a large
sample of patients who were extremely diverse in terms of country of origin, language,
and years of education, which is reflective of the remarkable diversity in Europe itself.

This study provides several points of departure for future research, in addition to
the need for diagnostic accuracy studies. First, future studies might examine ways
to improve the feasibility of neuropsychological testing. Both the international lit-
erature and the individuals from diverse backgrounds that were consulted stress the
importance of providing patients from culturally, educationally, and linguistically
diverse backgrounds and their caregivers with sufficient information about the pur-
pose of, need for, and rationale behind the assessment and the individual tests
(Aghvinian et al., 2021; Franzen on behalf of the European Consortium on
Cross-Cultural Neuropsychology, 2021; Rock & Price, 2019). Although this need is in
no way unique to diverse populations (see e.g. Gruters et al., 2021), it may be espe-
cially important in this population given the limited experience with formal testing
that characterizes (low educated) diverse populations. Extra information that can be
provided may include, for example, explanations before the assessment how seem-
ingly abstract tests—such as the Five Digit Test and Sun-Moon test—are used to
make inferences about a patient’s everyday functioning in the domains of attention
and executive functioning. In addition, it may be necessary to explain how findings
on the neuropsychological assessment reflect changes in different regions of the
brain and how the assessment, combined with neuroimaging biomarkers, can con-
tribute to the overall diagnosis. In some cases, providing explicit examples of impaired
performance, such as hemispatial neglect, during testing may help patients
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understand why they need to undergo specific tests. Given the number of individuals
who at some point refused to continue with testing in our sample (slightly under
one in ten), such explanations may encourage patients to deliver an optimal per-
formance. A second approach to make the TULIPA battery more feasible is by short-
ening the individual tests, such as by administering only half of the items of the
Five Digit Test or by eliminating less sensitive items of the NAME based on an item
analysis. Third, future research may investigate whether current procedures to provide
feedback on suboptimal performance such as those by Carone et al. (2010) are
culturally appropriate and effective in diverse populations. Fourth, both the TULIPA
battery and CNTB rely mostly on visually presented stimuli; this may pose problems
in the assessment of patients with visual impairment, as well as in patients without
visual impairment by resulting in interference from one visual test to the other.
Language-specific verbal tests are likely needed and should be examined in future
studies. Last, some cognitive domains that are not routinely assessed in all patients
in every memory clinic, such as praxis or social cognition, were not included in the
battery. It remains to be seen whether it is possible to develop suitable, cross-cultural
tests for social cognition, a cognitive function that is substantially influenced by
culture (Quesque et al., 2020).

In conclusion, the TULIPA battery is a promising new battery for neuropsychological
assessment of culturally, educationally, and linguistically diverse populations unfamiliar
with undergoing formal tests. Assessment with TULIPA tests is feasible, as long as a
selection is made from the available core and supplementary tests. Given that factors
complicating neuropsychological testing were observed frequently in our sample, the
influence of these factors should be well-monitored and taken into consideration.
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