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Abstract

Over 55 million people live with dementia worldwide. With 40% of modifiable risk factors estimated to contribute to
dementia, the potential for prevention is high, and preventive measures, at an early stage of cognitive decline, are likely to
positively influence future dementia trends. Countries need reliable health data and adequate measurement tools to quantify,
monitor and track early changes in cognitive capacity in the general population. Many cognitive tests exist; however, there
is no consensus to date about which instruments should be employed, and important variations in measurement have been
observed. In this narrative review, we present a number of cognitive tests that have been used in nationally representative
population-based longitudinal studies of ageing. Longitudinal panel studies of ageing represent critical platforms towards
capturing the process of cognitive ageing and understanding associated risk and protective factors. We highlight optimal
measures for use at a population level and for cross-country comparisons, taking into consideration instrument reliability,
validity, duration, ease of administration, costs, literacy and numeracy requirements, adaptability to sensory and fine motor
impairments and portability to different cultural and linguistic milieux. Drawing upon the strengths and limitations of each
of these tests, and the experience gained and lessons learnt from conducting a nationally representative study of ageing,
we indicate a comprehensive battery of tests for the assessment of cognitive capacity, designed to facilitate its standardised
operationalisation worldwide.

Keywords: ageing, cognitive capacity, longitudinal studies, early detection, cross-countries comparison, older people

Key Points

• Reliable measurement tools are needed to quantify and track early changes in cognitive capacity in the general population.
• Many cognitive tests exist; however, there is no consensus to date about which instruments should be employed.
• We compare a number of cognitive tests, which have been used in longitudinal studies of ageing.
• We indicate a comprehensive battery of tests designed to facilitate a standardised assessment of cognitive capacity worldwide.
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Introduction

Over 55 million people live with dementia worldwide. With
40% of modifiable risk factors estimated to contribute to
dementia, the potential for prevention is high, and preven-
tive measures, at an early stage of cognitive decline, are likely
to positively influence future dementia trends. Countries
need reliable health data and adequate measurement tools
to quantify, monitor and track early changes in cognitive
capacity in the general population. Many cognitive tests
exist; however, there is no consensus to date about which
instruments should be employed. In this paper, we review
a number of cognitive tests that have been used in nation-
ally representative population-based longitudinal studies of
ageing. Based on the experience gained and lessons learnt
from conducting a nationally representative study of ageing,
we highlight practical aspects to consider and indicate a
comprehensive battery of tests for the assessment of cognitive
capacity worldwide.

Cognitive capacity in ageing

The operationalization of health in the ageing context has
undergone an important paradigm shift in recent decades,
moving away from a focus on diseases and disease severity to
a more holistic model that emphasises the functional capacity
of an individual. The World Health Organization (WHO)
World Report on Ageing and Health (2015) [1] defines
healthy ageing as ‘the process of developing and maintaining
the functional ability that enables well-being in older age’. At
the core of this approach is the concept of intrinsic capacity,
which can be defined as a composite of the physical, mental
and psychosocial capacities (as opposed to deficits) that an
individual can bring to bear at any point in time [2]. Intrinsic
capacity is conceptualized upon five domains—cognitive
capacity, locomotion, sensory, psychology and vitality [3].
As there is no standard definition of cognitive capacity as
it is conceptualized in the WHO report, cognitive capac-
ity refers herein to an individual’s mental capacity and
spans a large spectrum of cognitive domains, encompassing
memory, attention, executive function, perception, visuo-
construction, orientation and language abilities.

Longitudinal studies of ageing: a tool to monitor
cognitive capacity changes in the general population

Assessing and monitoring cognitive capacity in older adults
requires the use of appropriate measurement tools. In this
narrative review, we present a number of cognitive tests that
have been used in nationally representative population-based
longitudinal studies of ageing to assess cognitive function
in older adults (see Table 1 for an overview). Longitudinal
panel studies of ageing present an ideal pathway to moni-
tor dynamic changes in cognitive function at a population
level as they obtain repeated measures from representative
samples. Broad by nature, they collect rich data pertinent to
cognitive ageing that can be leveraged to answer important
research questions pertaining to brain health worldwide.

Being population-based, they employ tests that have been
chosen for their ecological validity at the population level.
We focus on the cognitive tests that have been employed
in the Health and Retirement Study (HRS) international
family of studies, a growing network of longitudinal studies
of ageing modelled on the University of Michigan HRS
in the USA. HRS is a longitudinal population-based study
of 20,000 adults aged 51+ and has been collecting a vast
array of health, economic and social data since 1992 [4].
Many other countries, including low-income and middle-
income countries, have followed suit, developing longitudi-
nal population-based studies using harmonized survey ques-
tions and methods. We also include the cognitive tests
employed in the Harmonized Cognitive Assessment Proto-
col (HCAP) [5] international research network, which was
developed by the HRS network to collect rich, harmonized
measures of cognitive function across HRS studies as well as
the tests employed in the Aging, Demographics and Memory
Study (ADAMS) [6] and the 10/66 dementia studies [7]
that served as the starting point for developing HCAP (see
Appendix S1 for further description).

Cognitive testing instruments for the assessment of
cognitive capacity

Some considerations

A number of cognitive tests have been used in the HRS
and HCAP studies (hereafter termed ‘HRS/HCAP’) to mea-
sure global cognitive function and domain-specific cognitive
function. Together, these tests can provide a rich picture of an
individual’s cognitive capacity; however, many other factors
influence test performance including test administration and
educational, cultural, social, linguistic and ethnic differences.
Thorough considerations should be given to instrument
reliability, validity, duration, ease of administration, costs,
literacy, numeracy, sensory and motor requirements and
portability to different cultural and linguistic milieux. These
latter practical considerations reflect our experience and
lessons learnt from conducting a population-based study of
ageing, extensive reviews of other HRS and HCAP study
protocols, notably those from surveys conducted in low- and
middle-income countries, as well as frequent discussions on
cognitive testing within the HRS network.

The degree to which an instrument adequately reflects the
cognitive construct it claims to measure, the internal consis-
tency or homogeneity of the items it is composed of and its
sensitivity and specificity to correctly identify differences and
changes in cognitive function are important psychometric
properties to consider [8, 9]. Other important psychometric
features include inter-rater and intra-rater reliability [8] as
well as susceptibility to learning effects that may occur when
an individual is repeatedly exposed to the same test and that
may increase an individual’s performance as they become
familiar [10].

Brevity and ease of administration are other important
elements in population settings. Limiting the number of
tests and their length is key towards reducing participant
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burden and fatigue. Simplicity of the administration and
scoring protocol also facilitates the standardised adminis-
tration across personnel and studies, ensuring data quality.
The need and time taken for quality control should also be
assessed. The costs involved in administering cognitive tests,
including test licences, equipment and personnel training,
are additional aspects to take into account, particularly to
assess feasibility of use in low- and middle-income countries.

Worldwide implementation and comparison across coun-
tries also poses challenges with respect to literacy and numer-
acy and more generally to formal educational attainment.
While literacy rates have been steadily increasing globally,
there remains a considerable disparity between high- and
low–middle-income countries, most notably among older
adults [11]. In countries where illiteracy and innumeracy are
high, care should be taken to assess the impact that these
may have on test performance [12]. Efforts should be made
to include cognitive tests that are not sensitive to educational
attainment, literacy or numeracy, in order to help disentangle
true cognitive differences from education effects.

There are also stark differences between high- and middle-
or low-income countries in the prevalence of visual and
hearing impairment among older adults [13, 14]. Poor hear-
ing and vision can affect performance on cognitive testing
[15] and thereby bias estimations of cognitive capacity and
prevalence of cognitive impairment across countries. These
considerations are also important for minimising the risk of
selection bias into studies [16].

Finally, assessing the cross-country portability of a cog-
nitive test is essential to determine whether differences in
cognitive function between countries reflect genuine differ-
ences in risk and prevalence or whether they result from poor
translation or lack of a cultural/linguistic equivalent [17].
Cognitive tests generally rely on Western cultural concepts,
and many were originally developed in English. Modifica-
tions reflecting adaptation to different cultural milieux and
languages may be considered prior to implementation to
ensure instrument validity and reliability [16], including use
of alternative concepts and vocabulary and translations to
other languages and/or dialects [16, 18].

We discuss, hereafter and per cognitive domain, the
advantages and disadvantages of the cognitive tests used
in the HRS and HCAP studies, in light of the above
considerations. Table 2 provides descriptions of the cognitive
tests themselves. Appendix S2 provides for each of these
tests more detailed information on validity, reliability,
validity, duration, ease of administration, costs, literacy
and numeracy requirements, adaptability to sensory and
fine motor impairments and portability to different cultural
contexts.

Global cognitive function

Global cognitive tests are often used as screening tools for
cognitive impairment or dementia, have the advantage of
giving a snapshot of performance across multiple cognitive
domains and are quick to administer, albeit lacking depth in

any one domain [19]. HRS/HCAP have used the Mini Men-
tal State Examination (MMSE) [20], the Montreal Cognitive
Assessment (MoCA) [21], the Telephone Interview for Cog-
nitive Status (TICS) [22] and the brief Community Screen-
ing Instrument for Dementia (CSI-D) [23]. The MMSE and
MoCA have shown relatively good validity and reliability for
the assessment of dementia and mild cognitive impairment,
respectively, in clinical settings [20, 21, 24], the purpose for
which they were developed. The MMSE and MoCA orig-
inal versions also demonstrate adequate-to-excellent inter-
nal consistency and construct validity, adequate-to-excellent
test–retest reliability (although susceptible to learning effects
[25, 26]) and adequate-to-excellent inter-rater and intra-
rater reliability in community-dwelling older adults [24, 27,
28]. The TICS also shows a high level of internal consistency,
test–retest and inter-rater reliability in older adults [29], with
vulnerability to learning effects too [30].

The MMSE, MOCA, TICS and CSI-D are accessible
online, with associated costs for the MMSE and TICS. They
are all quick and easy to administer, although the scoring of
specific items can be prone to error. The MMSE and MOCA
are susceptible to ceiling effects in healthy cohorts. They tend
to be biased against poor education and visual impairment;
however, modified versions are available to address these
limitations. The TICS can be used to examine individuals
with low education or visual impairment, while the CSI-
D does not require literacy. The MMSE, MoCA and TICS
have been validated in many countries and translated into
many languages; the CSI-D has been extensively validated
across a variety of low- and middle-income countries. All
tests necessitate modifications for use in different cultural
and linguistic milieux.

Memory

The encoding, recall and recognition of previously learned
verbal information (e.g. word lists, word pairs and events/s-
tories) undergoes notable decline with age [31]. As such,
verbal memory assessment forms a core component of the
cognitive batteries in the main HRS studies as well as in
the HCAP studies. The verbal memory tasks included in
HRS/HCAP are the Consortium to Establish a Registry
for Alzheimer’s Disease (CERAD) word-list memory test
[32, 33] and the HRS 10-word list recall test [34]. Both
tests are relatively easy to administer and score. Both the
CERAD word-list memory test (if verbally administered)
and the HRS 10-word list recall tests are appropriate for
populations with low literacy. Poor hearing on the part of
the respondent may pose a challenge as the words cannot
be repeated. The CERAD task has already been translated
and validated in a number of languages [18]. CERAD word
list learning and recall, particularly the delayed recall task,
has been shown to have good sensitivity and specificity
for mild cognitive impairment and dementia [33, 35–37],
with high inter-rater and test–retest reliability [33, 38]. The
HRS word recall immediate and delayed recall tasks have
shown good convergent and divergent validity [39]; however,
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Table 2. Brief descriptions of the cognitive tests administered and cognitive domains measured in the HRS and HCAP
studies. The reader should refer to the references listed in the table for more detailed descriptions of the cognitive tests and
domains
Cognitive domain Cognitive tests Test overview
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Global cognitive
function

MMSE (Mini-Mental State
Examination) [20]

Assesses an individual’s global cognitive abilities; it is composed of 12 tests subsumed under six different
cognitive domains including orientation (time, date, place), registration (3-word list immediate recall),
attention and calculation (Serial 7 s; WORLD backward spelling), verbal memory (3-word list delayed
recall), language (naming, repetition, 3 stage command, written command, sentence writing) and
visuo-constructional skills (figure copy).

MoCA (Montreal Cognitive
Assessment) [21]

Assesses an individual’s global cognitive abilities; it is composed of 14 tests subsumed under six different
cognitive domains including visuo-constructional/executive function skills (figure copy, clock drawing and
trail test), verbal memory (word delayed recall), attention/working memory (sustained attention, serial 7 s,
forward and backward digit span), language/executive function (naming, sentence repetition and
phonemic fluency), conceptual thinking (verbal abstraction) and orientation (date and place).

Telephone Interview for
Cognitive Status (TICS) [22]

Assesses an individual’s global cognitive abilities; it is composed of 22 questions related to orientation
(date, season, place), numeracy (backward counting from 20), verbal memory (10-word list immediate and
delayed recalls), attention and calculation (Serial 7 s), naming (objects, president and vice-president) and
language (sentence repetition, abstract thinking). The HCAP battery only includes three of these questions
that assess orientation and vocabulary.

Community Screening
Instrument for Dementia [23]

Assesses an individual’s global cognitive abilities; it consists of two components: a cognitive assessment and
an informant interview. The cognitive tests (32 items in total) assess verbal fluency (animal naming),
language (naming, sentence repetition and comprehension), verbal memory (story immediate recall),
attention/calculation, orientation (date, place, mayor), attention (ability to follow instructions) and
visuo-construction skills (drawing circles and pentagons). In the HCAP battery, a brief CIS-D (four items)
used in 10/66 is used and evaluates language, knowledge and attention.

Memory Self-rated memory Assesses an individual’s own perception of their memory. The respondent may be asked to rate their
memory on a scale from excellent to poor.

CERAD Word Recall [32] –
Immediate

Assesses an individual’s episodic/verbal memory or ability to recall 10 orally presented words. The
respondent is presented a list of words and is asked to recall them immediately after being heard. Typically,
three trials are administered and a total immediate recall score (out of 30) is computed.

CERAD Word Recall – Delayed Assesses an individual’s episodic/verbal memory or ability to recall orally presented words. The respondent
is asked to recall the same list of words after a time delay (e.g. 15 minutes after they heard the list of words
for the first time).

CERAD Word Recall
–Recognition

Follows the delayed recall test and assesses an individual’s ability to correctly identify words previously
presented as part of the CERAD word recall task. The respondent is shown 10 previously seen words along
with 10 foils (i.e. not part of the previously presented list) and asked whether each word, in turn, was part
of the list.

HRS 10-Word Recall [34] –
Immediate

Assesses episodic verbal memory and is very similar to the CERAD word recall test. Respondents are
shown a list of 10 words (from four possible lists) and asked to recall them immediately. The number of
immediate recall trials varies from 2 to 3 depending on the study.

HRS 10-Word Recall – Delayed Respondents are asked to recall the same 10 words after a delay (e.g. 15 minutes after first presentation).
Wechsler Logical Memory Test
[40] – Immediate

Assesses episodic memory. Respondents hear a story ‘Anna Thompson’ with 25 story points. Immediately
following, they are asked to recall everything they can remember about the story.

Wechsler Logical Memory –
Delayed

Assesses episodic memory. After a delay, respondents are asked to recall any story points from the LMT.

Wechsler Logical Memory –
Recognition

This follows the delayed recall test. Sixteen story items are read aloud to the respondent, eight true (i.e.
were part of the original story) and eight false items. Respondents must indicate whether or not they
believe the item was in the story.

East Boston Memory Test [41] –
Immediate

Assesses episodic memory. Also known as the ‘Brave Man’ story test. Very similar to the LMT but shorter
(six story points). Respondents hear a short story read aloud and are immediately asked to recall as much of
the story as possible.

East Boston Memory Test –
Delayed

After a delay, respondents are asked to recall any story points from the ‘Brave Man’ story.

Prospective memory Assesses an individual’s ability to remember to perform an action in the future, often in response to a
particular cue.
Assessed via two tasks: (i) respondents are given instruction to write their initials in the top left-hand corner
of a page attached to a clipboard when it is handed to them. (ii) Respondents are instructed to remind the
interviewer to record the time when the interviewer announced that the cognitive section has finished. The
first task is closely based on a task incorporated in the MRC Cognitive Function and Ageing Study (MRC
CFAS) [45], and the second is a similar task to one used in the Rivermead Behavioral Memory Test [46].
HRS core study includes a prospective memory task in two waves. This task involves asking respondents to
remind the interview to check the computer in 5 minutes.

Attention/work-
ing memory/
executive function

Letter cancellation [49] Assesses visual–spatial scanning, sustained and selective attention, psychomotor speed and motor
coordination. For example, the respondent may be asked to cross out as many Ps and Ws of a list of letters
as possible within a defined timeframe.

(Continued )
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Table 2. Continued
Cognitive domain Cognitive tests Test overview
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symbol cancellation [48] Assesses attention and psychomotor speed. Respondents are given a page full of symbols and shown a
target symbol that is present among the different symbols on the sheet. They must circle the target symbol,
working as quickly as possible. Correctly circled symbols and errors are noted.

Symbol Digit Modalities Test
(SDMT) [52]

Assesses processing speed (cognitive and motor), visual scanning and working memory. It is paper–pencil
measure that requires respondents to substitute numbers for abstract symbols using a reference key
provided.

Digit span [50] Assesses attention and verbal working memory. Respondents are asked to repeat sequences of numbers
forwards and backwards. The highest number of digits that a respondent can repeat successfully in the
forward or backward order is their digit span in that condition. An abbreviated test is included in the
MMSE.

Color Trails Test (CTT1&2)
[53]

Assesses visual scanning/processing speed and executive function (including working memory and
sustained/divided attention); the respondent is asked to use a pencil to rapidly connect circles numbered in
consecutive order (e.g. from 1 to 25) in CTT1. In CTT2, the respondent is asked to once again rapidly
connect circles in consecutive order but this time alternating colours.

Trail Making Test (TMT A&B)
[54]

Assesses visual scanning/processing speed and executive function (including working memory and
sustained/divided attention); the respondent is asked to use a pencil to rapidly connect circles numbered in
consecutive order (e.g. from 1 to 25) in TMTA. In. TMTB, the respondent must once again connect
circles in sequence but this time alternating between the number and letters of the alphabet in consecutive
order (e.g. 1-A-2-B-3-C).

Three-stage command task [20] Assesses executive function, requiring three actions in sequence. Most commonly, the respondent is asked
to take a paper in their right hand, fold it in half and put it on the floor. The three-stage command forms
part of the MMSE in studies that include the latter, though it can also be used as a stand-alone item (e.g.
CRELES).

Raven’s matrices [51] Ravens’s Standard Progressive Matrices assesses abstract reasoning and is a measure of fluid intelligence. A
17-item form is used in HRS/HCAP. For each item, the respondent is shown a black-and-white pattern
with a piece missing and asked to select the missing piece out of six possible options.

Numeracy/
numeric ability

Serial 7 subtraction [20, 70] Assesses numeracy, concentration and working memory (or the ability to hold and manage information
temporarily). Serial 7 s is a descending subtraction task that assesses numeracy, concentration, processing
speed and working memory. It is a component of the MMSE and MoCA. In this test, the respondent is
asked to subtract 7 to 100 for a sequence of five subtractions.

Backward counting Assesses executive function and the ability to apply simple numerical concepts; the respondent may be
asked to count backward from 20 to 0, or they may be asked to count backward from 100 as fast as
possible within 30 seconds.

Number series [71] The number series test assesses quantitative reasoning or fluid intelligence. It involves reasoning with
concepts that depend upon mathematical relationships. For example, the respondent may be asked to look
at a series of numbers with a number missing from the series and determine the missing number in the
series given the numerical pattern (e.g. 2 4 6 MISSING 10).

Computation/Logic Assesses numeracy across different types of mathematical skills (subtraction, division, fraction, percentage).
For example, the respondent may be asked, ‘If the chance of getting a disease is 10 in 1,000, what percent
of people will get the disease?’.

Language/fluency Verbal fluency [76, 77] This task draws on word knowledge, semantic memory and executive processes such as set shifting and
inhibition (or the ability to suppress inappropriate/incorrect items). The respondent is asked to generate as
many words as possible, either from a given semantic category (e.g. animals; also called ‘semantic fluency’)
or beginning with a particular letter (e.g. ‘F’; also called ‘phonemic fluency’), within a short time period
(e.g. in 1 minute).

Object naming [22] Two objects are described to respondents (most often ‘cactus’ and ‘scissors’), and they must name them.
Respondents are also asked the name of the current president/prime minister.

Vocabulary Assesses established knowledge or crystallized intelligence. Assessed in HRS/HCAP with the word
pronunciation test (NART) [78], a vocabulary test adapted from the WAIS-R [79] or a multiple choice test
devised for the COGNITO study [80]. These tests can be valuable indicators of prior cognitive ability, as
they are typically age invariant and stable into the early stages of dementia and other forms of cognitive
impairment [89].

Repeat sentences/phrases [20] Assesses the ability to repeat phrases or sentences exactly as said.
Word spelling [20] Respondents are asked to spell the word ‘world’ forwards and then backwards.
Write sentences [20] Assesses writing skills.
Reading comprehension (Read
and follow instructions) [20]

Assesses the ability to read and follow instructions. For example, the respondent may be asked to read on a
piece of paper ‘close your eyes’ and to act it out.

Orientation [20] Day, Month, Year, Day of the
week
Season
Person
Place

Assesses an individual’s awareness of time, their position in places and knowledge of famous persons. For
example, the respondent may be asked what day it is or who the prime minister is.
These items are components of the MMSE and MoCA and CSID but may also function as a stand-alone
set of questions.

(Continued )
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Table 2. Continued
Cognitive domain Cognitive tests Test overview
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Visuo-
construction [20,
21, 32, 33]

Constructional praxis and
constructional praxis recall

Picture drawing: assesses an individual’s ability to integrate and coordinate visual and fine motor skills, it
measures their ability to manipulate spatial information to make a design. The respondent is asked to copy
a series of two- and three-dimensional shapes. Constructional praxis items can also be found as part of the
MMSE and MoCA tests.
Recall: usually followed by a recall task that assesses an individual’s visual memory and visuospatial
constructional abilities; for example, the respondent may be asked to recall a figure that they previously
copied during the interview.

information on the other measurement properties of the
HRS recall tasks is lacking.

Story memory is assessed using the Wechsler Logical
Memory test (LMT) [40] and the East Boston Memory
test (EBMT) [41]. The LMT exhibits good psychometric
properties including test–retest reliability [42, 43], with
the magnitude of practice effects varying as a function of
age [44]. While administration is straightforward, accurate
scoring is difficult without audio recording the respondent.
Nonetheless, the EBMT has exhibited reasonable sensitivity
to dementia, correctly classifying 78% of outpatients in a
memory clinic setting [41]. Both story memory tests can
be adapted for different cultural contexts and do not require
literacy. Poor hearing on the part of the respondent may pose
a challenge.

Prospective memory (i.e. memory for an intended action)
[45, 46] is also assessed in several of the HRS studies via two
tasks. There is little performance variability, however, given
that there are only two outcomes, which limits the sensitivity
of these tasks to changes in functioning. Furthermore, to the
best of our knowledge, data on the psychometric properties
of the tasks have not been published.

Respondents are also asked to rate their own memory
function in the core HRS studies. This does not require
literacy or formal education and can still be used in cases of
visual impairment or presented visually for individuals with
hearing loss. This task may, however, be sensitive to cultural
differences.

Attention/working memory/executive functioning

There are a number of tests in HRS/HCAP that assess atten-
tion/processing speed and executive function. Speeded tasks
generally show the earliest age-related performance declines,
and speed of processing markedly affects performance across
most domains [47]. Tests include the Double Letter Can-
cellation Test/Symbol Cancellation Test [48], which assesses
attention and processing speed [49]. The Digit Span [50],
Raven’s Progressive Matrices (RPM) [51] and Three Stage
Command [20] assess working memory and executive func-
tioning. The Symbol Digit Modalities Test (SDMT) [52],
Color Trails Test (CTT; Part 1 & 2) [53] and Trail Making
Test (Part A & B) [54] assess both attention/speed and
executive functioning.

The Double Letter Cancellation task does not require a
licence and is quick and relatively easy to administer. It is not

culturally neutral; however, as respondents need to recognise
letters of the alphabet (it has been translated into several dif-
ferent languages). Construct validity has been demonstrated
for this task [55]. The Symbol Cancellation Task is a good
alternative to letter cancellation for populations with low
literacy.

The SDMT is relatively quick to administer and score
but with an associated cost for materials. It has good con-
struct validity, loading on processing speed factors with some
degree of learning involved [56], as well as good test–retest
reliability [52], though it may be influenced by practice
effects if alternate test forms are not used [57]. It does not
require literacy but is affected by numeracy and educational
attainment [58]. It is not appropriate for individuals with
visual impairment.

There is no cost associated with the Digit Span test and it
is quick and easy to administer and score. The task is admin-
istered verbally and so may be challenging for individuals
with very poor hearing. It is appropriate for international
comparisons, though will be influenced by education [59].

The Trail Making Test (TMT) has demonstrated adequate
construct validity [60, 61] and test–retest reliability [54]. No
practice effects were found over larger time intervals (e.g.
1 year) [62]; however, it is susceptible to practice effects
at short time intervals [63] (alternate forms exist for this
purpose [64]). It also has excellent inter-rater reliability [65].
The CTT also has acceptable psychometric properties [53,
66]. One advantage of the TMT over the CTT for inclusion
in a test battery is that it does not require a licence to
administer. There is some cost associated with both tests.
Both are demanding to administer and score and require
detailed training and close attention on the part of the
administrator during the testing process. Both tests require
ability to hold a pen and draw on paper and therefore are not
appropriate for use in individuals with fine motor disability.
While these tests require good visual acuity, the TMT has the
additional requirement of literacy whereas the CTT does not
use letters and therefore maintains cultural equivalence.

The three-stage command test is largely the same across
studies with minor variation to accommodate individuals
with certain physical disabilities. No literacy requirements
or specific test materials are required (a blank piece of paper
only), and it is applicable across cultures.

The RPM has demonstrated adequate construct validity
[67, 68] and adequate-to- excellent test–retest reliability [51,
67]. The 17-item version used by many of the HRS-HCAP
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studies is not long and is culturally fair with no literacy
requirement. This version is also quick and easy to administer
and score. However, data on the psychometric properties of
the 17-item version are lacking. There is a licence needed for
administration. It also requires good functional visual acuity
making it inappropriate for populations with severe visual
impairment.

Numeracy/numeric ability

Numeric ability has important real-world applications for
older adults, including financial decision-making, weighing
up healthcare choices and maintaining general independence
[69]. To assess numeric ability, HRS/HCAP have employed
the Serial 7 s subtraction task [20, 70], backward counting,
number series [71] and other computation questions.

Adequate construct and discriminant validity of the Serial
7 s as measures of concentration and processing speed have
been reported [72]; however, it is heavily influenced by
basic arithmetic skills [73]. The administration of Serial 7 s
and backward counting is simple and quick. These tests
do not require any specific equipment, except a stopwatch
for backward counting. The scoring of both tasks is some-
what challenging, benefitting from quality control to ensure
scoring reliability.

Number series has shown solid construct and discrim-
inant validity for quantitative reasoning ability among
community-dwelling older adults [71]. Computation ques-
tions assess numeracy across different types of mathematical
skills and encompass, e.g. subtraction, division, fraction and
percentage. Number series and computation questions are
relatively quick to administer and score, and they do not
require any specific equipment.

As numeracy tests, Serial 7 s, backward counting, num-
ber series and computation questions may be difficult for
individuals with low education. Administered orally, they are
useful for examining individuals with visual impairments or
fine motor impairments. They can also be directly imple-
mented in different cultural milieux and easy to use for
cross-country comparisons.

Language/fluency

Language and language fluency are important facets of
human cognition that evidence divergent trajectories with
age. For example, while vocabulary remains stable or even
improves with age, verbal fluency is sensitive to age-related
decline and different types of neuropathology [74, 75].

Language and fluency are assessed in HRS/HCAP using
verbal fluency [76, 77], object naming [22], vocabulary [78–
80], backward word spelling [20], sentence repetition [20],
sentence writing [20] and reading/comprehension [20]. The
latter three tasks form part of the MMSE scale.

Animal naming is a widely used semantic fluency task.
It is free to use and requires no specific testing materials
other than a timer. Furthermore, it does not require literacy
and is easily transferable to different cultures/languages [18].
Phonemic fluency is assessed as part of the MoCA. Both

fluency tasks are valid measures of verbal ability and executive
functioning [81] and demonstrate adequate test–retest reli-
ability [82]. Both are appropriate for individuals with visual
or hearing impairment, though not with speech difficulties.

Object naming is assessed via several questions included
in the TICS and MMSE. These tests are quick and easy to
administer and score. Literacy is not a requirement, and these
tests are also suitable for individuals with visual impairment.
Tasks are transferable across countries with substitutions of
items to retain cultural relevance.

Vocabulary is assessed in a subset of HRS/HCAP studies
using the National Adult Reading Test (NART) [78], a
vocabulary test adapted from the Wechsler Adult Intelligence
Scale - Revised (WAIS-R) [79] and a multiple choice test
adapted from the COGNITO study [80]. The validity of
the NART as a measure of prior intellectual functioning
is established [83, 84]. The NART requires high levels of
literacy and is therefore sensitive to cultural and education
differences. It can also be difficult to score as regional accents
influence pronunciation and is only currently available in
English. The vocabulary test adapted from the WAIS-R is
preferable in this as it does not require literacy and exhibits
excellent psychometric properties [85]. As the WAIS-R and
COGNITO vocabulary test rely on giving word definitions
rather than on pronunciation of words, they are theoretically
more comparable across countries/languages.

Backward word spelling, sentence repetition, sentence
writing and reading/comprehension are all quick and easy to
administer individual components of the MMSE. Backward
word spelling shows good construct validity [72] though
poses some challenges in scoring. Word spelling and sentence
writing require respondents to be literate and sentence writ-
ing is also not appropriate for individuals with poor vision.
These items are not valid in diverse cultural settings [18].

Orientation

Orientation tests are quick and easy to administer and score.
They do not require literacy or numeracy skills and can
be administered to individuals with sensory or fine motor
impairments. Adaptations to the cultural milieu may be
needed for some orientation items. While they are rapidly
able to distinguish the most severely cognitively impaired
individuals, at the population level these items often suffer
from ceiling effects.

Visuo-construction

Constructional praxis and praxis recall provide information
about visuo-constructional ability and spatial memory that
is useful in discriminating later stages of dementia. It is
also useful in providing a non-verbal measure of memory
[86]. Praxis/recall is assessed in some of HRS/HCAP studies
using the CERAD battery [32, 33] copy of 4 shapes (circle,
diamond, overlapping rectangles and cube). Constructional
praxis is also assessed in the MMSE and MoCA. The
CERAD constructional praxis task demonstrated substantial
inter-rater reliability [38] and is quick and easy to administer.
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Table 4.Proposed battery of cognitive tests (in order of administration) for the assessment of cognitive capacity in the general
population worldwide. The tests highlighted in bold represent the tests to be included in a shorter battery (11 minutes as
opposed to 26 minutes)

Cognitive tests Cognitive domain measured Duration (minutes)a

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1. Orientation (date, day, season, person, place) Orientation 1.5
2. Object naming from description Language/fluency 0.5
3. HRS 10-word recall – Immediate (two trials) Verbal memory 3
4. Animal naming Language/fluency 1.5
5. Count backwards from 20 Attention/executive function/working memory 0.5
6. Serial 7 s Attention/executive function/working memory 1
7. Symbol Digit Substitution (SDMT) Attention/executive function/working memory 5.9
8. HRS 10-word recall – Delayed Verbal memory 0.8
9. Digit span Attention/executive function/working memory 3
10. Logical memory – Immediate Verbal memory 1
11. Follow instructions Language/fluency 0.5
12. Raven’s matrices Attention/executive function/working memory 6.1
13. Logical memory – Delayed Verbal memory 0.5
Total duration 25.8
aThe time in minutes is indicative and based on experience. It may vary depending on the cognitive capacity of the respondent.

Scoring for the more complex figures (e.g. cube) can
be sometimes be challenging however. Literacy is not a
requirement, and visuo-construction tests are not limited by
language constraints regarding cross-cultural applicability.
Nonetheless, a recent review highlighted that tasks such as
the construction praxis test and the clock drawing test from
the MoCA are quite sensitive to differences in educational
attainment and can be frustrating for some individuals who
have received little or no formal schooling [87]. Fine motor
impairments may also affect the validity of test results.

Proposed battery of cognitive tests for population and
cross-country use

Drawing upon the strengths and limitations of the tests
included in HRS/HCAP (see Table 3 for an overview), we
indicate a comprehensive multidomain battery of cogni-
tive tests for the assessment of cognitive capacity in the
general population worldwide (Table 4). Our battery covers
four essential cognitive domains including orientation, ver-
bal memory, attention/executive function/working memory
and language/fluency. The battery was selected with the
caveat that it should be comprehensive and reliable while
cost- and time-effective, implementable in low- and middle-
income countries, inclusive of populations with low level of
education, sensory and fine motor impairments to reduce
the risk of sampling biases, culture-fair and deployable for
cross-country comparisons. A test was chosen among other
tests measuring the same cognitive domain if it offered the
best ratio between its strengths and limitations. We further
highlight five tests (in bold, Table 4) that would be appro-
priate for inclusion in a brief battery (11 minutes), which
are sensitive to variations in cognitive capacity and include
non-verbal in addition to verbal measures.

By combining the scores obtained for each of the tests
included in either battery, intrinsic cognitive capacity could
be measured at an individual level, and the operationalisation
of such a battery at a population level worldwide could also

allow for development of population-based norms, which
could serve in the future as reference values for use in
community or primary care settings. The approach taken
herein could assist the measurement of cognitive trajectories
and the assessment of risk of accelerated cognitive decline at
a population level, providing an ecologically valid alternative
to more in-depth assessment of cognitive function aimed at
diagnosing mild cognitive impairment and dementia.

Limitations

The cognitive tests selected in this narrative review were orig-
inally thoroughly reviewed by expert advisory panel during
the design of the HRS studies and shown to be feasible,
reliable and valid for use at the population level [5, 88]. We
acknowledge however that these tests are only a subset of all
the cognitive tests appropriate for use in older adults. This
narrative review aimed to shed light on important consider-
ations to take into account when measuring cognitive capac-
ity in older adult populations; however, systematic reviews
defining the concept of cognitive capacity and comparing the
psychometric properties of all the cognitive tests currently
available to measure this concept are warranted.

Conclusions

In this narrative review, we highlighted pertinent informa-
tion about common cognitive testing instruments to help
make informed decisions on cognitive capacity measure-
ment. Drawing upon their strengths and limitations, we have
indicated a comprehensive test battery to assess cognitive
capacity, with the overarching goal of facilitating standard-
ised operationalisation worldwide. Such standardisation is
valuable for both research and policy making, affording the
opportunity to evaluate the impact of biological, environ-
mental, cultural, structural and political differences between
countries and populations on cognitive capacity in later life.
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A brief test battery has also been suggested, with a view
to inclusion in shorter surveys. This may be particularly
useful when the primary goal is not to comprehensively
evaluate cognitive capacity but instead to investigate the
role of cognitive capacity in other fields of research (e.g.
retirement/financial planning, and behavioural economics).
Lessons learnt from conducting a nationally representative
study of ageing and an HCAP study can inform the selection
of tests for cross-country comparison with consideration to
populations with low education, sensory and motor impair-
ments. Equipped with adequate measurement tools and
reliable health data, countries can determine public health
action plans, prioritise resources and develop evidence-based
policies to support optimal cognitive functioning in later life.
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the text are available to subscribers in Age and Ageing online.

Acknowledgements: The authors would like to acknowl-
edge the continued commitment and cooperation of the
TILDA participants and research team.

Declaration of Conflicts of Interest: None.

Disclaimer: The authors alone are responsible for the views
expressed in this article and they do not necessarily represent
the views, decisions or policies of the institutions with which
they are affiliated.

Declaration of Sources of Funding: Funding for The Irish
Longitudinal Study on Ageing (TILDA) is provided by the
Irish Government, the Health Research Board (HRB), The
Atlantic Philantrophies and the Irish Life PLc.

References

1. Organization WH. World Report on Ageing and Health.
Switzerland: World Health Organization, 2015.

2. Beard JR, Officer A, De Carvalho IA et al. The world report
on ageing and health: a policy framework for healthy ageing.
The Lancet 2016; 387: 2145–54.

3. Cesari M, Araujo de Carvalho I, Amuthavalli Thiyagarajan J
et al. Evidence for the domains supporting the construct of
intrinsic capacity. J Gerontol A 2018; 73: 1653–60.

4. Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW,
Weir DR. Cohort profile: the health and retirement study
(HRS). Int J Epidemiol 2014; 43: 576–85.

5. Langa KM, Ryan LH, McCammon RJ et al. The health and
retirement study harmonized cognitive assessment protocol
project: study design and methods. Neuroepidemiology 2020;
54: 64–74.

6. Langa KM, Plassman BL, Wallace RB et al. The aging,
demographics, and memory study: study design and methods.
Neuroepidemiology 2005; 25: 181–91.

7. Prina AM, Acosta D, Acosta I, Guerra M et al. Cohort profile:
the 10/66 study. Int J Epidemiol 2017; 46: 406–406i.

8. Mokkink LBTC, Patrick DL, Alonso J et al. The COS-
MIN study reached international consensus on taxonomy,
terminology, and definitions of measurement properties for

health-related patient-reported outcomes. J Clin Epidemiol
2010; 63: 737–45.

9. Beard JR, Jotheeswaran AT, Cesari M, De Carvalho IA.
The structure and predictive value of intrinsic capacity in a
longitudinal study of ageing. BMJ Open 2019; 9: e026119.
https://doi.org/10.1136/bmjopen-2018-026119.

10. Goldberg TE, Harvey PD, Wesnes KA, Snyder PJ, Schneider
LS. Practice effects due to serial cognitive assessment: implica-
tions for preclinical Alzheimer’s disease randomized controlled
trials. Alzheimer’s Dement: Diagn Assess Dis Monit 2015; 1:
103–11.

11. Statistics UIf. Literacy rates continue to rise from one gener-
ation to the next UNESCO Fact Sheet No 45. 2017; 1–13.
http://uis.unesco.org@UNESCOstat.

12. Manly JJ, Jacobs DM, Sano M et al. Effect of literacy
on neuropsychological test performance in nondemented,
education-matched elders. J Int Neuropsychol Soc 1999; 5:
191–202.

13. Chadha S, Kamenov K, Cieza A. The world report on hearing.
Bull World Health Organ 2021; 99: 242–242A.

14. Organization WH. World Report on Vision. Switzerland:
World Health Organization, 2019.

15. Rabbitt P. Mild hearing loss can cause apparent memory
failures which increase with age and reduce with IQ. Acta
Otolaryngol 1991; 111: 167–76.

16. Banerjee J, Jain U, Khobragade P et al. Methodological con-
siderations in designing and implementing the harmonized
diagnostic assessment of dementia for longitudinal aging study
in India (LASI–DAD). Biodemography Soc Biol 2020; 65:
189–213.

17. Humphreys GW, Duta MD, Montana L et al. Cognitive
function in low-income and low-literacy settings: validation
of the tablet-based Oxford cognitive screen in the health
and aging in Africa: a longitudinal study of an INDEPTH
community in South Africa (HAALSI). J Gerontol B Psychol
Sci Soc Sci 2017; 72: 38–50.

18. Vonk JM, Gross AL, Zammit AR et al. Cross-national harmo-
nization of cognitive measures across HRS HCAP (USA) and
LASI-DAD (India). PloS One 2022; 17: e0264166. https://
doi.org/10.1371/journal.pone.0264166.

19. Riello M, Rusconi E, Treccani B. The role of brief global cog-
nitive tests and neuropsychological expertise in the detection
and differential diagnosis of dementia. Front Aging Neurosci
2021; 13: 1–9, 648310.

20. Folstein MFFSMP, Mini-mental state. A practical method
for grading the cognitive state of patients for the clinician.
J Psychiatr Res 1975; 12: 189–98.

21. Nasreddine ZSNAPVB, Charbonneau S, Whitehead V,
Collin I, Cummings JL, Chertkow H. The Montreal cognitive
assessment, MoCA: a brief screening tool for mild cognitive
impairment. J Am Geriatr Soc 2005; 53: 695–9.

22. Brandt JSM, Folstein M. The telephone interview for cog-
nitive status. Neuropsychiatry Neuropsychol Behav Neurol
1988; 1: 111–7.

23. Prince M, Acosta D, Ferri CP et al. A brief dementia screener
suitable for use by non-specialists in resource poor settings—
the cross-cultural derivation and validation of the brief com-
munity screening instrument for dementia. Int J Geriatr
Psychiatry 2011; 26: 899–907.

24. Tombaugh TN, McIntyre NJ. The mini-mental state exami-
nation: a comprehensive review. J Am Geriatr Soc 1992; 40:
922–35.

iv23

https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad122#supplementary-data
https://doi.org/10.1136/bmjopen-2018-026119
http://uis.unesco.org@UNESCOstat
https://doi.org/10.1371/journal.pone.0264166
https://doi.org/10.1371/journal.pone.0264166


C. De Looze et al.

25. Franco-Marina F, García-González JJ, Wagner-Echeagaray F
et al. The Mini-mental state examination revisited: ceiling and
floor effects after score adjustment for educational level in
an aging Mexican population. Int Psychogeriatr 2010; 22:
72–81.

26. Cooley SA, Heaps JM, Bolzenius JD et al. Longitudinal
change in performance on the Montreal cognitive assessment
in older adults. Clin Neuropsychol 2015; 29: 824–35.

27. Feeney J, Savva GM, O’Regan C, King-Kallimanis B, Cronin
H, Kenny RA. Measurement error, reliability, and minimum
detectable change in the Mini-mental state examination,
Montreal cognitive assessment, and color trails test among
community living middle-aged and older adults. J Alzheimers
Dis 2016; 53: 1107–14.

28. Bruijnen CJ, Dijkstra BA, Walvoort SJ et al. Psychometric
properties of the Montreal cognitive assessment (MoCA) in
healthy participants aged 18–70. Int J Psychiatry Clin Pract
2020; 24: 293–300.

29. Desmond DW, Tatemichi TK, Hanzawa L. The telephone
interview for cognitive status (TICS): reliability and validity
in a stroke sample. Int J Geriatr Psychiatry 1994; 9: 803–7.

30. Ferrucci L, Del Lungo I, Guralnik JM et al. Is the telephone
interview for cognitive status a valid alternative in persons who
cannot be evaluated by the Mini mental state examination?
Aging Clin Exp Res 1998; 10: 332–8.

31. Davis D, Bendayan R, Muniz Terrera G, Hardy R, Richards
M, Kuh D. Decline in search speed and verbal memory over
26 years of midlife in a British birth cohort. Neuroepidemiol-
ogy 2017; 49: 121–8.

32. Morris JC, Mohs RC, Rogers H. Consortium to establish a
registry for Alzheimer’s disease (CERAD). Clin Neuropsychol
Psychopharmacol Bull 1989; 24: 641.

33. Morris JC, Heyman A, Mohs RC et al. The consortium to
establish a registry for Alzheimer’s disease (CERAD). Part
I. clinical and neuropsychological assessment of Alzheimer’s
disease. Neurology 1989; 39: 1159–65.

34. Ofstedal MB, Fisher GG, Herzog AR, Wallace RB, Weir DR,
Langa KM. HRS/AHEAD Documentation Report: Docu-
mentation of Cognitive Functioning Measures in the Health
and Retirement Study. Michigan: Survey Research Center,
University of Michigan, 2005.

35. Fillenbaum GG, van Belle G, Morris JC et al. Consortium to
establish a registry for Alzheimer’s disease (CERAD): the first
twenty years. Alzheimers Dement 2008; 4: 96–109.

36. Barth S, Schonknecht P, Pantel J, Schroder J. Mild cognitive
impairment and Alzheimer’s disease: an investigation of the
CERAD-NP test battery. Fortschr Neurol Psychiatr 2005; 73:
568–76. Neuropsychologische Profile in der Demenzdiagnos-
tik: Eine Untersuchung mit der CERAD-NP-Testbatterie.

37. Sotaniemi M, Pulliainen V, Hokkanen L et al. CERAD-
neuropsychological battery in screening mild Alzheimer’s dis-
ease. Acta Neurol Scand 2012; 125: 16–23.

38. Welsh-Bohmer KAaM RC. Neuropsychological assessment of
Alzheimer’s disease. Neurology 1997; 49: S11–3.

39. Blankson ANM, McArdle JJ. A brief report on the fac-
tor structure of the cognitive measures in the HRS/
AHEAD studies. J Aging Res 2014; 2014: 1–5. https://doi.o
rg/10.1155/2014/798514.

40. Wechsler D. Administration and Scoring Manual for the
Wechsler Memory. Scale–fourth edition. United Kingdom:
Pearson, 2009.

41. Gfeller JDaH GJ. The East Boston memory test: a clinical
screening measure for memory impairment in the elderly.
J Clin Psychol 1996; 52: 191–6.

42. Wechsler D, Holdnack JA, Drozdick LW. Wechsler Memory
Scale. Fourth edition. Pearson: Technical and Interpretive
Manual, 2009.

43. Abikoff H, Alvir J, Hong G, et al. Logical memory subtest
of the Wechsler memory scale: age and education norms and
alternate-form reliability of two scoring systems. J Clin Exp
Neuropsychol Aug 1987; 9: 435–48.

44. Lo AH, Humphreys M, Byrne GJ, Pachana NA. Test–retest
reliability and practice effects of the Wechsler memory scale-
III. J Neuropsychol 2012; 6: 212–31.

45. Huppert FA, Johnson T, Nickson J. High prevalence of
prospective memory impairment in the elderly and in early-
stage dementia: findings from a population-based study.
Applied Cognitive Psychology: The Official Journal of the
Society for Applied Research in Memory and Cognition 2000;
14: S63–81.

46. Wilson B, Cockburn J, Baddeley A, Hiorns R. The develop-
ment and validation of a test battery for detecting and moni-
toring everyday memory problems. J Clin Exp Neuropsychol
1989; 11: 855–70.

47. Salthouse TA. The processing-speed theory of adult age differ-
ences in cognition. Psychol Rev 1996; 103: 403–28.

48. Lowery N, Ragland JD, Gur RC, Gur RE, Moberg PJ. Nor-
mative data for the symbol cancellation test in young healthy
adults. Appl Neuropsychol 2004; 11: 218–21.

49. Richards M, Hardy R, Kuh D, Wadsworth ME. Birth
weight and cognitive function in the British 1946 birth
cohort: longitudinal population based study. BMJ 2001; 322:
199–203.

50. D. W. Manual for the Wechsler Adult Intelligence Scale-
Revised. New York: Psychological Corporation, 1981.

51. Raven JC. Mental Tests Used in Genetic Studies: The Perfor-
mances of Related Individuals in Tests Mainly Educative and
Mainly Reproductive. Unpublished master’s thesis. England:
University of London, 1936.

52. Smith A. Symbol Digit Modalities Test. Los Angeles, CA:
Western Psychological Services, 1973.

53. D’Elia LF, Satz P, Uchiyama CL, White T. Colour Trails Test.
Florida: Psychological Assessment Resources, 1996.

54. Bowie CRaH PD. Administration and interpretation of the
trail making test. Nat Protoc 2006; 1: 2277–81.

55. Shum DH, McFarland KA, Bain JD. Construct validity of
eight tests of attention: comparison of normal and closed head
injured samples. Clin Neuropsychol 1990; 4: 151–62.

56. Benedict RH, DeLuca J, Phillips G et al. Validity of the symbol
digit modalities test as a cognition performance outcome
measure for multiple sclerosis. Mult Scler J 2017; 23: 721–33.

57. Hinton-Bayre A, Geffen G. Comparability, reliability, and
practice effects on alternate forms of the digit symbol substi-
tution and symbol digit modalities tests. Psychol Assess 2005;
17: 237–41.

58. Cores EV, Vanotti S, Eizaguirre B et al. The effect of culture on
two information-processing speed tests. Appl Neuropsychol
Adult 2015; 22: 241–5.

59. Ostrosky-Solís FaL A. Digit span: effect of education and
culture. Int J Psychol 2006; 41: 333–41.

60. Reitan RM. Validity of the trail making test as an indicator of
organic brain damage. Percept Mot Skills 1958; 8: 271–6.

iv24

https://doi.org/10.1155/2014/798514
https://doi.org/10.1155/2014/798514


Assessing cognitive function

61. Sanchez-Cubillo I, Perianez JA, Adrover-Roig D et al. Con-
struct validity of the trail making test: role of task-switching,
working memory, inhibition/interference control, and visuo-
motor abilities. J Int Neuropsychol Soc 2009; 15: 438–50.

62. Basso MR, Bornstein RA, Lang JM. Practice effects on com-
monly used measures of executive function across twelve
months. Clin Neuropsychol 1999; 13: 283–92.

63. Stuss DT, Stethem LL, Poirier CA. Comparison of the three
tests of attention and rapid information processing across six
age groups. Clin Neuropsychol 1987; 1: 139–52.

64. Wagner S, Helmreich I, Dahmen N, Lieb K, Tadic A. Relia-
bility of three alternate forms of the trail making tests a and
B. Arch Clin Neuropsychol 2011; 26: 314–21.

65. Spreen O, Strauss E. A compendium of neuropsychological
tests: Administration, norms, and commentary (2nd ed.).
New York: Oxford University Press, USA, 1998.

66. Messinis L, Malegiannaki AC, Christodoulou T, Pana-
giotopoulos V, Papathanasopoulos P. Color trails test: norma-
tive data and criterion validity for the greek adult population.
Arch Clin Neuropsychol 2011; 26: 322–30.

67. Burke HR. Raven’s progressive matrices: validity, reliability,
and norms. J Psychol 1972; 82: 253–7.

68. Bingham WC, Burke HR, Murray S. Raven’s progressive
matrices: construct validity. J Psychol 1966; 62: 205–9.

69. Zeuner C, Pabst A, Benz-Gydat M. Numeracy practices and
vulnerability in old age: interdependencies and reciprocal
effects. ZDM 2020; 52: 501–13.

70. Manning RT. The serial sevens test. Arch Intern Med 1982;
142: 1192–2.

71. Fisher GG, J. J. Mcardle, R. J. McCammon, A. Sonnega, and
D. Weir. New Measures of Fluid Intelligence in the HRS. Ann
Arbor, Michigan: Institute for Social Research, University of
Michigan. 2013;

72. Williams MA, LaMarche JA, Alexander RW, Stanford LD,
Fielstein EM, Boll TJ. Serial 7s and alphabet backwards as
brief measures of information processing speed. Arch Clin
Neuropsychol 1996; 11: 651–9.

73. Karzmark P. Validity of the serial seven procedure. Int J
Geriatr Psychiatry 2000; 15: 677–9.

74. Gonzalez-Burgos L, Barroso J, Ferreira D. Cognitive reserve
and network efficiency as compensatory mechanisms of the
effect of aging on phonemic fluency. Aging (Albany NY) 2020;
12: 23351–78.

75. Sutin AR, Stephan Y, Terracciano A. Verbal fluency and risk
of dementia. Int J Geriatr Psychiatry 2019; 34: 863–7.

76. Whiteside DMKT, Semla M, Luu H, Rice L, Basso MR et al.
Verbal fluency: language or executive function measure? Appl
Neuropsychol Adult 2016; 23: 29–34.

77. Shao ZJE, Visser K, Meyer AS. What do verbal fluency tasks
measure? Predictors of verbal fluency performance in older
adults. Front Psychol 2014; 5: 5. https://doi.org/10.3389/
fpsyg.2014.00772.

78. Nelson HE, Willinson J. The national adult reading test
(NART): test manual. Windsor, UK: NFER-Nelson 1982;
124: 0–25.

79. Wechsler D. Manual for the Wechsler Adult Intelligence Scale.
New York: Psychological Corporation, 1955; 110.

80. Ritchie K, de Roquefeuil G, Ritchie C et al. COGNITO:
computerized assessment of information processing. J Psychol
Psychother 2014; 4: 1–5.

81. Shao Z, Janse E, Visser K, Meyer AS. What do verbal flu-
ency tasks measure? Predictors of verbal fluency performance
in older adults. Front Psychol 2014; 5: 772. https://doi.o
rg/10.3389/fpsyg.2014.00772.

82. Harrison JE, Buxton P, Husain M, Wise R. Short test
of semantic and phonological fluency: normal performance,
validity and test-retest reliability. Br J Clin Psychol 2000; 39:
181–91.

83. Dykiert DaD IJ. Retrospective validation of WTAR and
NART scores as estimators of prior cognitive ability using the
Lothian birth cohort 1936. Psychol Assess 2013; 25: 1361–6.

84. Crawford JR, Deary IJ, Starr J, Whalley LJ. The NART as an
index of prior intellectual functioning: a retrospective validity
study covering a 66-year interval. Psychol Med 2001; 31:
451–8.

85. Iverson G, Sherman E, Myers B, Adams R. Clinical usefulness
of the WAIS-R seven-subtest short form in persons with
lateralized brain lesions. J Cogn Rehabil 2000; 1345–58.

86. Fillenbaum GG, Burchett BM, Unverzagt FW, Rexroth DF,
Welsh-Bohmer K. Norms for CERAD constructional praxis
recall. Clin Neuropsychol 2011; 25: 1345–58.

87. Franzen S, van den Berg E, Goudsmit M et al. System-
atic review of neuropsychological tests for the assessment of
dementia in non-western, low-educated or illiterate popula-
tions. J Int Neuropsychol Soc 2020; 26: 331–51.

88. Weir D, McCammon R, Ryan L, Langa K. Cognitive Test
Selection for the Harmonized Cognitive Assessment Protocol
(HCAP). Ann Arbor, Michigan: Institute for Social Research,
University of Michigan, 2014.

89. McGurn B, Starr JM, Topfer JA et al. Pronunciation of
irregular words is preserved in dementia, validating premorbid
IQ estimation. Neurology 2004; 62: 1184–6.

Received 2 March 2023; editorial decision 11 June 2023

iv25

https://doi.org/10.3389/fpsyg.2014.00772
https://doi.org/10.3389/fpsyg.2014.00772
https://doi.org/10.3389/fpsyg.2014.00772
https://doi.org/10.3389/fpsyg.2014.00772

	 Assessing cognitive function in longitudinal studies of ageing worldwide: some practical considerations
	Introduction
	Conclusions
	3 Supplementary Data:
	4  Acknowledgements:
	5 Declaration of Conflicts of Interest:
	6 Disclaimer:
	7 Declaration of Sources of Funding:


