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LESSONS LEARNT AND CHALLENGES OF TRADITIONAL DESIGNS AND 
TESTING MODES

In all settings and communities, studies of ageing, brain health and neurodegeneration benefit from the 
accurate measurement of cognitive function to detect within person change, which is important for the 
identification of individuals at higher risk of developing neurodegenerative disease. The detection of with-
in person change necessitates longitudinal designs where individuals’ cognitive functions are assessed re-
peatedly over time [1] with sensitive measures from the earliest stages of neurodegeneration [2]. The num-
ber of follow up occasions in these designs has repercussions for the ability to accurately estimate within 
person change. For example, studies with only 2 assessments per person are of limited use for within per-
son change calculations as phenomena such as regression to the mean and the “horse racing” effect [3] 
would affect estimations, studies with 3 assessments only allow for the estimation of linear change where-
as the reliable estimation of non-constant rate of change requires at least 4 measurement occasions [4].

In addition, extensive literature shows how dropout and death are highly prevalent in longitudinal stud-
ies of older adults, which are likely to be more marked in studies with a long follow up. Missing data are 
possibly informative in studies of older adults [5], with very healthy individuals or individuals in very 
poor health being more likely to dropout or die during the study follow up [6]. Various factors have been 
identified as predictors of dropout in longitudinal studies of ageing [7,8] and multiple strategies devel-
oped to minimize dropout and maximize retention and engagement of study participants [7-9].

A large body of evidence has also identified differences in research engagement 
across and within populations. For instance, American ethnic minorities individ-
uals, similarly to Aboriginal individuals in Australia are less inclined to join re-
search studies than white Americans and white Australians respectively [10,11].

How these and other factors known to be associated with dropout, retention and 
engagement in research studies in rich economies operate in LMICs is an area 
where further research is required.

In most existing longitudinal studies, data collection waves are scheduled at pre-de-
termined times. Yet, despite researchers’ intentions, the timing of these collections 
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are usually beyond the strict control of the investigators. Factors affecting the timing of data wave collec-
tions often depend on practical issues such as the securement of funding and having access to teams to 
implement the data collection. Moreover, because of the important human and financial resources re-
quired for these efforts, assessments are scheduled at occasions that are far apart.

The timing and separation of data collection waves is highly relevant as they impact the researcher’s abil-
ity to make certain critical inferences. In existing longitudinal studies, the time elapsed between data col-
lection waves vary from 6 months to several years [12]. When a prolonged time interval elapses between 
data collection waves, not only dropout and death are more likely to be more pronounced, but chances 
of critical events occurring between testing occasions increase and opportunities to detect them and eval-
uate their impact are more likely to be missed. For example, it is possible that individuals experience cat-
astrophic health events such a stroke in between study waves, and hence, the opportunity to understand 
the impact of such events on function may be missed. In sum, although traditional longitudinal designs 
have provided good opportunities to understand change in function in studies associated with ageing, 
they also present researchers with multiple challenges that may be exacerbated when similar designs are 
implemented in LMICs contexts.

Independent of the design of the studies, the measurement of cognitive function in studies of older adults 
is often made in the form of self-reports, reports by proxies, or by performance-based tests. Whilst self-re-
ports and reports by proxies can be affected by retrospective reporting biases and other factors [13], per-
formance-based tests are more objective measures of function. Yet, their routine use in longitudinal re-
search studies is not without challenges. To begin with, psychometric properties of the tests may result 
in biased estimates of within person change, as some tests may be less sensitive to change in individuals 
who are at ceiling or perform very poorly. For instance, similarly to the Mini Mental State Exam [14], the 
most widely used test to measure global cognitive function, several other cognitive tests commonly used 
in studies of ageing and neurodegeneration are also known to have non-standard distributions. Moreover, 
tests optimized for use in older people with dementia have little or no value to detect the subtle expres-
sion of underlying neurodegeneration in younger people with the earliest changes in their brains.

Likewise, some cognitive tests are known to be biased towards some subgroups. For instance, the MMSE 
is known to be biased against individuals with sensory impairments, and as a result, it may not be the 
optimal tool to measure cognition in these individuals [15].

Taken together, although well established and traditional testing batteries are safe choices for testing par-
ticipants in LMICs and also provide opportunities for direct comparison of results across studies and coun-
tries, the adoption of new testing batteries and implementation of innovative data collection means present 
interesting opportunities to advance knowledge in these populations. In essence, the learnings made in 

research uniquely conducted in wealthier countries should in-
fluence design of new research in LMICs which are not bur-
dened by the legacy issues that sometimes acts against innova-
tion in more traditional research settings. This could mean that 
psychometric test innovations could be first applied at scale in 
LMICs from which other parts of the world can learn.

MOBILE TESTING: A NEW PARADIGM FOR 
COGNITIVE TESTING

Without doubt, invaluable lessons have been learnt from years 
of work and experience acquired conducting research in rich 
countries. Yet, differences in the context of LMICs are likely to 
require innovative approaches for the acquisition of data at a 
larger and global scale. The implementation of cheaper and 
less resource demanding means of gathering data in these re-

Photo: The proliferation of mobile technology use in low- to middle-in-
come countries offers opportunities for research studies in cognitive 
ageing and brain health (https://www.pexels.com/).

Important contextual and individual features in in low- and middle-income countries 
(LMICs) need to be considered when seeking to understand models for brain health and 
trajectories of neurodegenerative decline in these populations.
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gions, such as mobile cognitive testing provides opportunities to continue and expand existing studies. 
Not only are these tests less resource intense, they may also have greater utility than the measures that 
find favour and are hard to counter in richer countries. However, the success of these developments will 
necessitate fluid interactions between developers and locally based researchers who are knowledgeable 
of the local culture and who can aid developers design adequate tools.

Second, the impact of language in cognitive tests in LMICs is yet to be addressed with many of the more 
traditional tests being translated into many languages – these have been predominantly for countries in-
volved in clinical trials. However, as differences within languages across regions still exist [16], transla-
tions would still need to account for local idioms and language forms, whilst guaranteeing content and 
difficulty equivalence across versions. Mobile data gathering offers a unique opportunity to implement 
validation studies quickly and cheaply. Recently, Humphreys et al [17] incorporated a mobile tablet ver-
sion of the Oxford Cognitive Screen – Plus (OCS-Plus) in a cross-sectional study of a relatively large sam-
ple of mid-to-later life adults living in a rural community of South Africa. The OCS-Plus is a domain-spe-
cific (language and memory) and domain-general (executive function and attention) measure designed 
to minimise language and low-literacy confounds associated with traditional tools. The researchers found 
high task compliance and good validity of the mobile measure, reporting substantive gains in speed and 
ease of the automated data collection and management features. Longitudinal study is required to assess 
the validity and feasibility of repeated mobile cognitive assessment, but these initial data do support the 
use of such technology in large epidemiological studies in low-income countries. Further work to assess 
the value of mobile cognitive assessment in circumventing other cultural and/or socio-economic con-
founds associated with traditional cognitive measures is warranted.

The role of other cultural factors, beyond language, on neuropsychological testing has been extensively 
studied [18]. They include, amongst others, factors such as familiarity with the tests and testing situa-
tions, strategies and attitudes to solve tasks, attitude to follow instructions and considerations about pri-
vacy [19]. Some of these factors could have a reduced impact on mobile testing batteries by design, such 
as those related to privacy, interactions with the interviewers and the following of instructions given by 
interviewers. Even so, there is a move within cross-cultural neuropsychology to bypass many of the cul-
tural and linguistic caveats associated with applying classical cognitive measures across diverse popula-
tions, by centering assessments around tasks that have minimal language demands. Visually-based mem-
ory tasks which require participants to respond to features of figures/shapes (eg, number, form and/or 
colour of dots from one trial to another) rather than word lists and story vignettes might be suitable and 
sensitive alternative measures for detecting cognitive decline in populations with lower literacy and great-
er language diversity. More recently, some of these tasks have been developed for computerized adminis-
tration and might be more readily converted to mobile phone-friendly applications. The application of 

smartphones for cognitive testing of older adults is still in its nascency in wealth-
ier countries. A smartphone version of the Colour-Shape Test, a simple processing 
speed task that requires test-takers to match shapes with corresponding colours 
as quickly as possible, has been trialled in a small non-demented sample of Amer-
ican older adults [20]. The results of the study supported the feasibility of using 
such applications in older adults who had a range of experience with the use of 
smartphone technologies. The adapted measure also showed good validity, cor-
relating with established measures of global cognition and other measures of pro-
cessing speed and attention. Given the limited language and cultural confounds 
presented by this visually-based measure, this application might be readily piloted 
in low-income country contexts.

Smartphone cognitive testing also offers the opportunity to collect data more often 
and in a larger number of individuals than in traditional designs, enhancing op-
portunities to accurately estimate within person change and its onset and to detect 
associations with possible risk and protective factors [21,22]. Individuals enrolled 

Technological developments present opportunities to improve health and research in LMICs. Mobile 
phones are already proving to be an important tool to improve the health of individuals in LMICs 
through monitoring treatment adherence and health promotion. However, their use in brain and cog-
nitive ageing research remains relatively unexplored.

We review some challenges 
of traditional study designs 
and data collection modes 
when used in studies of 
ageing and neurodegenera-
tion in LMICs and discuss 
opportunities to improve 
our knowledge of people 
living in these regions 
through use of well-estab-
lished technologies.
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in these studies could take the tests multiple times over short- and long-term periods of time, could be 
reminded of engaging in the testing via text messages or other easy to deliver reminders. Hence, research-
ers would be better placed to understand baseline level of functioning, its short- and long-term variabil-
ity and change over time. Further, alternative versions of the tests could be easily deployed, and feasibil-
ity and exploratory data collections could also be easily implemented. However, the success of these 
initiatives relies on the quality and availability of the regional mobile network infrastructure. Limited ac-
cess to power supplies may further impose barriers to smartphone utilisation by more rural communities.

As mobile technologies continue their expansion in LMICs, geographical limitations to access research 
participants can also be overcome. Mobile phones will ease access to remote or rural communities and 
the collection of data from populations living in these areas will be facilitated. Importantly, although gen-
der gaps in access to smart technologies exist, the gap is forecasted to be reduced [23], which will in turn 
help reduce potential gender differences in participation and retention in research studies.

Some other challenges in mobile cognitive testing already present in high income countries and are like-
ly to persist in LMICs. For older participants, issues regarding visual acuity, hearing and dexterity may 
impede their ability and willingness to perform mobile cognitive exams, particularly where self-reliant 
assessments are required. Yet, these limitations are very task specific and not universal. For all ages, mo-
bile testing without guidance or supervision from an interviewer might render greater opportunity for 
distraction during performance that would otherwise be diminished in a laboratory setting. Future work 
could assess and enhance the usability of testing devices and software applications for naïve populations 
or incorporate virtual peer models or training that could provide feedback and encouragement following 
assessment attempts [24]. Needless to say, further validation of mobile assessment tools, in terms of ac-
cessibility, usability, longitudinal sampling convenience and language customization is warranted. Anoth-
er important advantage of using mobile technologies for data gathering is the opportunity to integrate 
cognitive testing data with other easily collected data, such as accelerometer data, and hence, enhance 
opportunities to examine individuals from a multidomain perspective.

Researchers from various disciplines, including software developments, clinical and social science re-
searchers and methodologists based at the University of Edinburgh are joining efforts to make the Uni-
versity a hub for global dementia prevention research by facilitating interdisciplinary research, leading the 
implementation of dementia prevention studies in LMICs and generating opportunities for collaboration 
with researchers based in LMICs. Their joint expertise, in addition to their large network of internation-
al collaborations in wealthy societies and in LMICs places the University of Edinburgh in a uniquely fa-
vourable position to lead these efforts. Just as in rich economies, the opportunities of these novel tech-
nologies for research and clinical care infrastructure in LMICs are not fully realized and will require 
comprehensive study and piloting to assess institutional readiness for implementation. Importantly, they 
require joint efforts by locally communities, locally based researchers, developers, funders and experi-
enced researchers based in wealthier countries who can share their knowledge and experience.

Acknowledgements: The authors would like to thank the participants in the Global Dementia Prevention Pro-
gramme (GloDePP) Workshop Series (July – August 2018) for providing valuable insights that helped refine the 
manuscript’s theme.

Funding: None.

Authorship contributions: Both GMT and CR contributed to the initial concept for the paper. GMT drafted the 
initial version. TJW, SD and CR contributed to subsequent drafts.

Competing interests: The authors completed the Unified Competing Interest form at www.icmje.org/coi_disclo-
sure.pdf (available upon request from the corresponding author), and declare no conflicts of interest.

  1 �Hofer SM, Sliwinski MJ. Understanding ageing: An evaluation of research designs for assessing the interdependence of 
ageing-related changes. Gerontology. 2001;47:341-52. Medline:11721149 doi:10.1159/000052825

  2 �Mortamais M, Ash JA, Harrison J, Kaye J, Kramer J, Randolph L, et al. Detecting cognitive changes in preclinical 
Alzheimer’s disease: A review of its feasibility. Alzheimers Dement. 2017;13:468-92. Medline:27702618 doi:10.1016/j.
jalz.2016.06.2365

  3 �Cesari M, Canevelli M. Horse-racing effect and clinical trials in older persons. Front Aging Neurosci. 2014;6:175. 
Medline:25076906 doi:10.3389/fnagi.2014.00175

  4 Singer JD, Willett JB. Applied longitudinal data analysis: modeling change and event occurrence. 2003.

R
E

FE
R

E
N

C
E

S

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11721149&dopt=Abstract
https://doi.org/10.1159/000052825
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27702618&dopt=Abstract
https://doi.org/10.1016/j.jalz.2016.06.2365
https://doi.org/10.1016/j.jalz.2016.06.2365
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25076906&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25076906&dopt=Abstract
https://doi.org/10.3389/fnagi.2014.00175


V
IE

W
PO

IN
TS

www.jogh.org •  doi: 10.7189/jogh.09.020313	 5	 December 2019  •  Vol. 9 No. 2 •  020313

R
E

FE
R

E
N

C
E

S

Correspondence to:
Graciela Muniz-Terrera 
Edinburgh Dementia Prevention 
Centre for Clinical Brain Sciences 
University of Edinburgh 
9A Bioquarter 
Little France 
Edinburgh EH16 4UX 
Scotland, UK 
g.muniz@ed.ac.uk

  5 Rubin DB. Inference and Missing Data. Biometrika. 1976;63:581. doi:10.1093/biomet/63.3.581
  6 �Brilleman SL, Pachana NA, Dobson AJ. The impact of attrition on the representativeness of cohort studies of older people. 

BMC Med Res Methodol. 2010;10:71. Medline:20687909 doi:10.1186/1471-2288-10-71
  7 �Mein G, Johal S, Grant RL, Seale C, Ashcroft R, Tinker A. Predictors of two forms of attrition in a longitudinal health 

study involving ageing participants: An analysis based on the Whitehall II study. BMC Med Res Methodol. 2012;12:164. 
Medline:23106792 doi:10.1186/1471-2288-12-164

  8 �Salthouse TA. Selectivity of Attrition in Longitudinal Studies of Cognitive Functioning. Journals Gerontol. Ser. B Psychol. 
J Gerontol B Psychol Sci Soc Sci. 2014;69:567-74. Medline:23733858 doi:10.1093/geronb/gbt046

  9 �Nicholson LM, Schwirian PM, Groner JA. Recruitment and retention strategies in clinical studies with low-income and 
minority populations: Progress from 2004-2014. Contemp Clin Trials. 2015;45:34-40. Medline:26188163 doi:10.1016/j.
cct.2015.07.008

10 �Ighodaro ET, Nelson PT, Kukull WA, Schmitt FA, Abner EL, Caban-Holt A, et al. Challenges and Considerations Related 
to Studying Dementia in Blacks/African Americans. J Alzheimers Dis. 2017;60:1-10. Medline:28731440 doi:10.3233/
JAD-170242

11 �Wong ST, Wu L, Boswell B, Houdsen L, Laovoie J. Strategies for moving towards equity in recruitment of rural and 
Aboriginal research participants. Rural Remote Health. 2013;13:2453. Medline:23682561

12 �Chatfield MD, Brayne CE, Matthews FE. A systematic literature review of attrition between waves in longitudinal studies 
in the elderly shows a consistent pattern of dropout between differing studies. J Clin Epidemiol. 2005;15:13-9. 
Medline:15649666 doi:10.1016/j.jclinepi.2004.05.006

13 �Hill NL, Mogle J, Whitaker EB, Gilmore-Bykovskyi A, Bhargava S, Bhang IY, et al. Sources of response bias in cognitive 
self-report items: ‘which memory are you talking about?’ Gerontologist. 2019;59:912-24.

14 �Folstein MF, Folstein SE, McHugh PR. Mini-Mental State: A practical method for grading the state of patients for the 
clinician. J Psychiatr Res. 1975;12:189-98. Medline:1202204 doi:10.1016/0022-3956(75)90026-6

15 �Monroe T, Carter M. Using the Folstein Mini Mental State Exam (MMSE) to explore methodological issues in cognitive 
aging research. Eur J Ageing. 2012;9:265-74. Medline:28804426 doi:10.1007/s10433-012-0234-8

16 �Burling R. The Tibeto-Burman languages of Northeastern India. Sino-Tibetan Lang. 2003;3:169.
17 �Humphreys GW, Duta MD, Montana L, Demeyere N, McCrory C, Rohr J, 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. Medline:27974474 doi:10.1093/geronb/gbw139

18 �Pérez-Arce P. The influence of culture on cognition. Arch Clin Neuropsychol Published Online First: 1999.
19 �Ardila A. Cultural values underlying psychometric cognitive testing. Neuropsychol Rev. 2005;15:185-95. Medline:16395623 

doi:10.1007/s11065-005-9180-y
20 �Brouillette RM, Foil H, Fontenot S, Correro A, Allen R, Martin CK, et al. Feasibility, reliability, and validity of a smartphone 

based application for the assessment of cognitive function in the elderly. PLoS One. 2013;8:e65925-65925. 
Medline:23776570 doi:10.1371/journal.pone.0065925

21 �Schweitzer P, Husky M, Allard M, Amieva H, Peres K, Foubert-Samier A, et al. Feasibility and validity of mobile cognitive 
testing in the investigation of age-related cognitive decline. Int J Methods Psychiatr Res Published Online First: 2017.

22 �Wild K, Howieson D, Webbe F, Seelye A, et al. Status of computerized cognitive testing in aging: A systematic review. 
Alzheimers Dement. 2008;4:428-37. Medline:19012868 doi:10.1016/j.jalz.2008.07.003

23 �Connected Women GSMA. The mobile gender gap report 2018. Published Online First: 2018.Avalable: https://www.
gsma.com/mobilefordevelopment/wp-content/uploads/2018/04/GSMA_The_Mobile_Gender_Gap_Report_2018_32pp_
WEBv7.pdf. Accessed: 1 October 2019. 

24 �Rute-Perez S, Santiago-Ramajo S, Hurtado MV, Rodriguez-Fortiz M, Caracuel A. Challenges in software applications for 
the cognitive evaluation. J Neuroeng Rehabil. 2016;13:88. Medline:27716336

https://doi.org/10.1093/biomet/63.3.581
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20687909&dopt=Abstract
https://doi.org/10.1186/1471-2288-10-71
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23106792&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23106792&dopt=Abstract
https://doi.org/10.1186/1471-2288-12-164
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23733858&dopt=Abstract
https://doi.org/10.1093/geronb/gbt046
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26188163&dopt=Abstract
https://doi.org/10.1016/j.cct.2015.07.008
https://doi.org/10.1016/j.cct.2015.07.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28731440&dopt=Abstract
https://doi.org/10.3233/JAD-170242
https://doi.org/10.3233/JAD-170242
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23682561&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15649666&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15649666&dopt=Abstract
https://doi.org/10.1016/j.jclinepi.2004.05.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
https://doi.org/10.1016/0022-3956(75)90026-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28804426&dopt=Abstract
https://doi.org/10.1007/s10433-012-0234-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27974474&dopt=Abstract
https://doi.org/10.1093/geronb/gbw139
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16395623&dopt=Abstract
https://doi.org/10.1007/s11065-005-9180-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23776570&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23776570&dopt=Abstract
https://doi.org/10.1371/journal.pone.0065925
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19012868&dopt=Abstract
https://doi.org/10.1016/j.jalz.2008.07.003
https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2018/04/GSMA_The_Mobile_Gender_Gap_Report_2018_32pp_WEBv7.pdf
https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2018/04/GSMA_The_Mobile_Gender_Gap_Report_2018_32pp_WEBv7.pdf
https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2018/04/GSMA_The_Mobile_Gender_Gap_Report_2018_32pp_WEBv7.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids= 27716336&dopt=Abstract

