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Abstract.
As the world navigates unchartered territories and witnesses the overwhelming impact of
COVID-19, investigators face important challenges to ensure continuity of research studies in
a scientifically sound manner. Given the susceptibility of the older population to COVID-19,
research in the field of ageing and dementia may be more severely impacted than other areas.
With in-person testing halted, researchers are considering remote testing to collect data on
guestionnaires and functioning, including cognitive functioning. This is not without
challenges. Here, we discuss psychometric properties of the scales that need to be considered
and evaluated when implementing remote testing to ensure the quality of the studies is
preserved. We encourage the community to join efforts to improve practice sharing and

facilitating access to item level data.



The context
Dementia and cognitive ageing studies are deemed highly sensitive to COVID-19 effects.
Most studies have halted in-person data collections and there is uncertainty about when the
use of traditional in-person data collection modes will resume. However, as a disruption in
the continuation of the studies increases the risk of participants’ drop out and of missing
critical data about events of particular interest, researchers are increasingly considering
alternative data collection modes to continue their studies. Advances in the use of
technologies for the remote administration of questionnaires and the evaluation of
performance in some cognitive tasks may facilitate the continuation of data collection in key
areas such as cognitive ability and cognitive function. However, alternative data collection
modes require the consideration of a series of points with respect to the tests administered.
The problem
Whilst changing the mode of assessment may practically resolve a number of imminent and
important problems in the area, it is not without its challenges. A primary aim of
longitudinal studies in the field of Alzheimer’s and dementia, is the identification of changes
in cognitive status and test performance of individuals within a cohort, which in turn are
central to efforts to try to understand the precursors and course of both diseases.

The identification of change requires scores from at least two time points. However,
the observation of a difference or decline in test scores across time could be driven by a

number of factors, including:

1. Properties of the test, such as its reliability. If the magnitude of the difference is
small enough, it may simply reflect measurement error, not true change.

2. Differential performance of test questions across time, e.g., due to practice effects.



3. True change in the underlying cognitive function being assessed.

To effectively explain and understand change, it is critical to evaluate options (1) and
(2), such that it is clear whether or not it is reasonable to consider the change to be
meaningful true change. This is true whenever we consider change in a test score across
groups, time or both, and is not specific to the COVID-19 pandemic. However, changing the
mode of administration of a test, as would be the case in a continuing cohort through
COVID-19, introduces an additional source of variation that may lead to differential test
performance. A change in mode of assessment, from in person to remote, also brings with it
additional changes to the testing environment. For example, familiarity with technologies
used may vary, as might the equipment required which will be constrained to that which is
available in people’s homes such as internet speed and quality of display screens. Home
environments may be noisier and contain greater distractions that lab environments. Taken
together, researchers simply have far less control over the testing environment. Ultimately,
all such factors add additional complication to identifying true change.

The methodologies

The field of psychometrics is vast, but discussion of change across time and mode of
assessment highlights one area of particular interest, namely the assessment of the
equivalence of measurement (see [1] for a technical introduction).

Measurement invariance (from Classical Test Theory, CTT), or differential item
functioning (from Item Response Theory, IRT), are sets of statistical tools that evaluate
whether a given psychometric test is performing in the same way across groups, time,
testing format etc. — essentially any other variable deemed important. Crucially, it allows us

to test whether scores can be validly compared across these groups [2], for example,
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whether declines or improvements in scores on a cognitive test over time can be
interpreted as genuine changes in the underlying cognitive ability measured by the test.

There are different levels of strictness with which invariance can be tested but for
evaluating whether a test is invariant over time in cohort studies; a relatively strict test is
required. At the lowest level, we can check each item response or subtest score relates to
the same hypothesized construct across time, e.g., whether verbal ability items relate to a
verbal ability factor; and spatial ability to a spatial ability factor, etc. This is typically referred
to as configural invariance. The next level involves checking whether the strength of that
relationship between item/subtest scores and the underlying cognitive ability are the same,
e.g., whether the same verbal ability item has the same correlation with a verbal ability
factor across all waves of a cohort study. In CTT, this is referred to as metric invariance, and
in IRT concerns testing the equivalence of item discrimination parameters. Finally, we can
check if an item/subtest has the same level of difficulty across time, e.g., that the same level
of verbal ability is needed to pass the same item, irrespective of the measurement wave. In
CTT, this is referred to as scalar invariance, and in IRT concerns testing of the equivalence of
item difficulty parameters.

Scalar invariance is the critical test to in studying comparability of scores over time. If
an item/subtest becomes easier or harder over time then the scores on that test will not
provide an accurate indication of whether individuals are declining or improving. It is not
necessary for every single item/subtest in a test to show this kind of invariance over time to
make valid inferences about change [3]; however, it is important to test invariance to
discriminate between invariant and noninvariant items/tests so that so that this can be
appropriately modelled and taken account of. It is also important to note that invariance

tests are necessary, but not sufficient, to conclude that observed change is true change [4].



That is, much like any statistical test, it is not possible to guarantee the underlying processes
of responding have not changed over time.
The research

The literature on teleneuropsychology has reported positive results regarding the
use of videoconference technology for remote cognitive assessments [5] in healthy and
participants with mild cognitive impairment. A recent systematic review by Marra and
colleagues [6] supported the test level validity across a variety of relevant types of measure
(e.g. screening measures, cognitive tests) using teleneuropsychology methodology. Some
over the phone assessments have also been deployed and their psychometric properties
tested [7]. Recent work has also demonstrated the equivalence of in person versus web-
based administration of a number of items assessing a variety of political and sociological
constructs [8].

However, very few recent studies have considered the equivalence of performance
on cognitive tests between web-based and in-person modes of delivery. Gooch [9] applied
item response theory to a cognitive test battery and found that modest-to-difficult
guestions were easier when delivered by web-based methods than face-to-face, but that
the rank ordering of item difficulties remained the same. Others [10, 11] similarly found that
respondent performance was generally better via web-based modes of assessment than
face-to-face. Research on why these differences may exist in cognitive data is very limited.
Across different types of constructs, researchers [e.g. 8] have explored a variety of
individual differences and situational factors (e.g. presence of an experimenter in face-to-
face) as potential explanations. To date, there are no consistent findings as to the source of

mode differences in cognitive data.



Thus though there has been limited research on this question, there is accumulating
evidence that tests may perform differently across modes of delivery. Consistently
identifying such differences is a crucial first step in accounting for them in studies of change.
Once it is possible to draw conclusions on the extent of any potential issue, it then becomes
possible to extend the exploration of the reasons differential performance, and make
decisions as to how to modify tests or account for the known issues.

However, whilst these studies have begun to tackle the issue of the comparability of
assessments across modes of delivery, they have not presented comprehensive
assessments of the measurement properties required to fully investigate change across time
and mode of assessment. Many previous studies provide examples of testing longitudinal
invariance to ensure that valid inferences about change over time in cohort studies can be
made [12] and the impact this may have on the study of change [13, 14]; however, there
remain few examples in relation to cognitive tests.

A proposal

To protect the integrity of the research findings from longitudinal cohorts, it is important we
now make best efforts to rigorously assess the measures being used across studies. A major
complication in the current situation is that longitudinal changes will be potentially
confounded with modality changes and the associated changes in environmental factors. As
it is currently not possible to conduct in-person testing, the ideal psychometric evaluation
whereby the same test is administered at multiple time points in different modes, is no
longer possible. However, we can as a research community collaborate on best
approximations.

First, it is crucial that investigations into the psychometric properties of tests across

time and mode of delivery are conducted. As some in-person testing resumes under strict



safety conditions, it may be possible to collect information of this kind in samples of
participants for whom in-person testing is likely to present minimal risk. More generally, we
may be able to conduct studies in new samples that will be informative to historically
collected data during COVID. While findings in such samples cannot be assumed to
generalise to older adults, this is a reasonable practical first step. This information would be
of value for the continued use of historical data on specific tests where only subscale or
total scores are available.

A critical component of psychometric evaluations discussed here, is that the
responses to individual questions are required. For many cohort studies, this data may not
be electronically available. Accordingly, and given the difficulties surrounding new data
collection, it is imperative as a field that we engage in the large-scale data collation and
collaborative research initiatives, such that the item level data that is available is accessible.

There is existing precedent of successful psychometric development of measures for
the study of health in initiatives such as the Patient-Reported Outcomes Measurement
Information System (PROMIS). PROMIS has made extensive use of item level CTT and IRT
analyses in the production of a number of adaptive tests with well-characterised
psychometric properties. Such adaptive tests have been highlighted as being advantageous
to older populations, though it must be acknowledged that development has greater
upfront costs [15]. Thus, PROMIS and adaptive testing in general, can provide a model for
continued efforts in the field of Alzheimer’s and Dementia.

As a further step, if as a community we are serious about assessing the integrity of
our measures, it is important that we improve data storage practice and record
electronically all individual item responses. The current context, and a move to online

testing, may actually prove to be a positive turning point in this respect, as it becomes a



trivial matter to store individual responses when tests are delivered electronically, without
the additional issues of human error in data entry. Given the variety of possible sources of
differential performance outlined above, it may also be advantageous to record as much
contextual information as possible about the environmental circumstances in which
individual completed testing, in order to investigate potential sources of differential
performance.

A larger challenge would be a collaborative data archiving project which sought to go
back into previous waves of major studies and, where possible, electronically store the item
level information.

Finally, where data allows, future research should explicitly include testing
measurement properties when studying change. By not testing measurement properties,
researchers are making an assumption they hold. As a field, we are used to testing the
assumptions of our statistical analyses, we are perhaps less used to testing the assumptions
of our measurements.

Summary

The current context presents challenges to the continuation of longitudinal studies.
Technology can help us practically overcome loss of data, but will escalate the complexity of
the assessment of change. Our focus here has been on the integrity of measurement and
the impact on change estimates. We present some possible avenues for maximizing
information based on existing data, and to structure future work based on the assessment
of measurement equivalence.

Importantly, some may question the ethics of continued testing in the face of
possible threats to the validity of data. If the data cannot be trusted, and is not useful for

the study of change, should we be testing at all? This is a very reasonable concern. However,



we would argue that there is currently insufficient information on the scale of the potential
problem faced. The approaches set out here allow us to begin to gather this information,
and thus make informed judgements in the future about how and when we test.

More broadly, COVID-19 may force the research and measurement community to
consider carefully our means of testing such that any future threat to our ability to collect
data is minimized. Our suggestions here would correspond to a more rigorous approach as
compared to the status quo. Gathering in depth data at the finest level of measurement —
the item response — to statistically account for lack of equivalence in applied studies, and to
provide information that would be potentially useful for revising tests to use across multiple
delivery modes. It may also prove valuable to consider again alternative forms of
assessment of functioning, perhaps incorporating ecological momentary assessment [16]
into typical cohort data collection practices.

There are further challenges to address. For example, the potential sampling bias
that may be created in applying technological solutions in populations of older adults and
attempting to understand the varied and differing contextual factors in modes of test
administration. Beyond measurement, there are additional considerations in examining
change over time through COVID-19 which are not specific to measurement; for example,
the potential differential impact of COVID-19 at different stages of progression of
Alzheimer’s and dementia. However, with an organised collective effort, much progress can

be made.
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