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Research Article
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Abstract
Objectives: Telephone-administered cognitive assessments are a cost-effective and sometimes necessary alternative to face-
to-face assessments. There is limited information in large studies concerning mode effects, or differences in cognition attrib-
utable to the assessment method, as a potential measurement threat. We evaluated mode effects on cognitive scores using a 
population-based sample of community-living older adults.
Methods: We used data from participants aged 65–79 in the 2014 Health and Retirement Study for whom the interview 
mode was randomized (n = 6,825). We assessed mode differences in test means, whether mode modifies associations of 
cognition with criterion variables, and formal measurement invariance testing.
Results: Relative to face-to-face assessment, telephone assessment was associated with higher scores for memory and cal-
culation (0.06 to 0.013 standard deviations [SD]) and lower scores for nonmemory items (−0.09 to −0.01 SD). Cognition 
was significantly differentially related to instrumental activities of daily living difficulty depending on assessment mode. 
Measurement invariance testing identified evidence of mode differences in certain tests as a function of mode: adjusting for 
underlying cognition, the largest mode differences in memory and attention: immediate noun recall, delayed word recall, 
and serial-7s scores were higher given telephone administration.
Discussion: Differences by mode of administration are apparent in cognitive measurement in older adults, albeit to a small 
degree in our study, and most pronounced for tests of memory and attention. The importance of accounting for mode dif-
ferences ultimately depends on one’s research question and study sample: not all associations may be affected by mode 
differences, and such modification may only be apparent among those with lower cognitive functioning.
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Cognitive function assessments are commonly used in 
population-based studies to screen for dementia, track 
longitudinal changes in cognition, provide a snapshot of 
cognitive function, or estimate the effects of risk factors 
on cognitive function or change. Depending on the func-
tional status of the participants or the research question 
of interest, cognitive function is generally ascertained 
directly from assessments of the participant (Kirshner 
et al., 1985).

Most cognitive tests used in large-scale survey re-
search were developed for face-to-face testing (Folstein 
et  al., 1975). Beginning in the late 1980s, telephone 
adaptations of brief mental status tests were introduced 
(Brandt et  al., 1988). Subsequent studies have adapted 
telephone-based administration of common cognitive as-
sessments and neuropsychological tests (Bunker et  al., 
2017; Carlew et al., 2020). Telephone-based assessments 
are convenient for collecting cognitive function data in 
large-scale studies, and they also become necessary to 
continue ongoing studies when face-to-face contact with 
participants is not safe or feasible, such as during global 
pandemics or when participants move out of the study 
catchment area.

It is ideal, of course, in longitudinal studies to keep the 
mode of assessment constant whenever possible. However, 
as Robert Burns wrote in 1785, “The best laid plans of 
mice and men often go awry.” Tests are not guaranteed to 
be equivalent when administered using different modalities 
(Al Baghal, 2019; Cernat et al., 2016; Ofstedal et al., 2021). 
While telephone administration is primarily constrained 
to auditory communication, given difficulties in assessing 
visual stimuli sent in advance via mail, face-to-face testing 
leverages both auditory and visual cues. This is potentially 
a critical distinction, especially in older populations with 
prevalent sensory impairments. Yet there is limited data 
comparing face-to-face to telephone-administered cogni-
tive function assessments (Carlew et  al., 2020; Castanho 
et al., 2014; Lachman et al., 2008). Among the existing lit-
erature, there is lingering doubt concerning the power of 
previous studies to detect differences in measurement pre-
cision of cognition between mode of test administration, 
which affects both internal validity (i.e., following adapta-
tion to telephone administration) and comparability across 
studies (Carlew et al., 2020; Herzog et al., 1997; Lachman 
et al., 2008).

There are potential pitfalls when comparing cognitive 
test performance across modes. Tests may be easier or 
more difficult when administered in one mode or another, 
generating systematic biases. Or, telephone administra-
tion might introduce measurement errors attributable to 
sensory problems, which could result in differential reli-
ability across the mode. These factors, and others, could 
manifest in lack of exchangeability of measures across 
mode or even mode differences in associations of cogni-
tion with external variables. To address these pitfalls, in 

the present study, we examined potential differences in 
the measurement of cognition administered by telephone 
or by face-to-face interview. We leveraged cognitive as-
sessment data collected in a population-based sample of 
community-dwelling older adults aged 65–79  years in 
the United States in 2014 who were randomly assigned 
to either face-to-face or telephone modes of assessment. 
We assessed mode effects on test means and reliability, 
and evaluated whether mode modifies associations of 
cognition with other criterion variables.

Method

Data Sources and Study Sample

We used data from the United States Health and Retirement 
Study (HRS), an ongoing, nationally-representative cohort 
of adults aged 51 years or older and their spouses in the 
United States (Sonnega et al., 2014; Staff, 2017). Initiated 
in 1992, the HRS administers follow-up surveys to all par-
ticipants biennially and replenishes the cohort approx-
imately every 6  years (i.e., every three waves). The HRS 
data used in this study is publicly available no Institutional 
Review Board approval was required.

Our study sample consisted of HRS respondents to 
the 2014 wave who were aged 65–79 and: (a) were ran-
domized to an interview assignment; and (b) completed 
cognitive function test items during the 2014 interview 
(Supplementary Figure 1). We excluded respondents aged 
less than 65 years because they were not administered all 
cognitive function tests, and those aged 80 years and older 
because their interview assignment mode was not random-
ized (those interviews were always face-to-face). In lieu of 
direct cognitive assessment, proxy respondents completed 
a questionnaire concerning change in their respondent’s 
memory over the past 2  years (a modified Informant 
Questionnaire on Cognitive Decline in the Elderly (Jorm 
et al., 1988)) for participants too impaired to complete as-
sessments. We excluded these respondents, resulting in a 
sample size of N = 6,825.

Survey Mode

In 2014, the HRS administered follow-up surveys via 
two modes: face-to-face and telephone. The 2014 wave 
was not one where a new cohort of participants was 
added to the HRS, thus, this was at least the second 
assessment wave for most participants (aside from po-
tentially new spouses introduced into the study). The 
questionnaires were identical for both modes in 2014, 
with the exception that face-to-face included additional 
physical measures (e.g., blood pressure, height, and waist 
measurements) and a leave-behind psychosocial ques-
tionnaire. Most face-to-face assessments are conducted 
in the participant’s home. No surveys were completed 
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over the internet (e.g., video call via camera on a com-
puter) in 2014. Participants could use either land-lines 
(hard-wired or cordless) or cellular phones (analog or 
smartphones) to complete telephone surveys.

From 2006 through 2014, continuing participants (in-
cluding spouses) less than 80 years of age were randomly 
assigned to either face-to-face or telephone follow-up 
visits. Respondents could choose, however, to opt out of 
their random assignment. In the 2014 wave, 7% (n = 499) 
switched their assignment. For primary analyses of the ef-
fects of mode on cognitive test scores, we analyzed all ob-
servations “as randomized.”

Cognitive Function Assessment

The HRS cognitive function assessment was designed for 
telephone administration. Thus, it consists solely of verbal 
measures of cognition. The same cognitive function assess-
ment is administered to all participants, regardless of mode 
(i.e., telephone or face-to-face). Participants are also given 
the same instructions for completing the cognitive assess-
ment, irrespective of mode. There are 12 cognitive tests that 
assess orientation to time (four items), language/naming 
(four items), memory (two indicators), and attention/con-
centration (two items). Following HRS convention, we cre-
ated a summary score that sums points across all tests for a 
total cognitive score ranging from 0 to 35.

Statistical Analysis

We describe mode effects between telephone and face-to-
face administration of cognitive tests by evaluating dif-
ferences in cognitive test means by mode. Given small 
imbalances in background characteristics by assessment 
mode, we present age- and sex-adjusted differences in 
means (or proportions for binary cognitive test variables), 
and standardized effect sizes for differences by mode 
(Cohen’s d for continuous variables, Cohen’s h for binary 
variables, and Cohen’s w for categorical variables; Cohen, 
1988) and significance testing using a two-sided test. In 
addition to age and sex adjustment, we further adjusted 
comparisons of means for adherence: not all participants 
were interviewed in the mode randomly assigned, so the 
actual difference in probability of a telephone assessment 
between individuals assigned to telephone versus individ-
uals assigned to face-to-face interviews was only 0.85 (Pr 
[X = 1|Z = 1] – Pr [X = 1|Z = 0] = 0.932 − 0.078 = 0.854), 
where X is the actual mode, and Z is the randomized mode. 
Our primary effect estimates can be considered intent-to-
treat estimates of the effect of randomization to telephone 
on the score. To correct for the nonadherence to random 
assignment of mode and estimate the effect of completing 
a telephone interview versus a face-to-face interview, we 
divided the intent-to-treat estimates by 0.85 (Oakes et al., 
2017). This estimates the effect of a telephone interview on 

a score for people who could have completed either mode, 
under the likely assumption that random assignment to the 
telephone only influenced score via the mode of interview.

Because older age and instrumental activity of daily living 
(IADL) difficulty are associated with poorer cognitive func-
tion, as a form of criterion validation, we evaluated whether 
total cognitive scores were associated with these variables 
differentially by mode. We regressed age using linear regres-
sion (yielding beta coefficients), and count of IADL limita-
tions using negative binomial regression to handle skewness, 
and parameter estimates are expressed as rate ratios (RR). In 
both types of models, predictors were total cognitive scores, 
mode, and an interaction term between mode and total cog-
nitive score. The interaction term tested whether the asso-
ciation of the outcome variable and cognitive functioning 
differs by mode. The purpose of these regressions was to sta-
tistically evaluate the differential relationship between cog-
nitive performance and criterion by mode.

Next, to compare the measurement quality of cognitive 
functioning by mode, we tested different levels of measure-
ment invariance using a series of nested confirmatory factor 
analysis (CFA) models of individual cognitive test items. 
We followed the procedures described by Bontempo and 
Hofer (2007). Measurement invariance testing can be used 
to distinguish measurement differences by a mode that are 
attributable to random error or to systematic error, and to 
identify specific test items that may be responsible for mode 
effects.

We evaluated three levels of measurement invariance. 
Configural invariance is characterized by a two-group CFA 
of cognitive test items in which all cognitive tests load onto 
a common factor structure in two groups (face-to-face 
and telephone), and there are no equality constraints for 
parameters across the mode. This model serves as a base-
line model against which to compare subsequent models 
that have additional constraints; the model’s absolute fit 
to empirical data is of most interest. The next level for 
measurement invariance testing is metric invariance, in 
which the loadings of test items on the cognitive factor are 
constrained to be equal between modes. Factor loadings 
can be considered an index of reliability, such that lower 
values suggest the underlying latent trait is measured with 
more random error (Bollen, 1989). Thus, metric invariance 
is akin to evaluating whether there are systematic differ-
ences in a random error of test items by mode. The third 
level of measurement invariance testing is scalar invari-
ance, in which item means (for continuous test items) or 
thresholds (for categorical test items) are constrained to be 
equal across groups; this level of invariance is analogous 
to evaluating differences by mode in terms of systematic 
error or bias of particular items (Chen, 2008). In addition, 
we tested for partial metric and partial scalar invariance by 
freeing specific item loadings or means/thresholds, respec-
tively. To improve the fit of the single-factor solution, we 
included a bifactor to account for the correlation between 
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immediate and delayed word recall; pursuant to invari-
ance testing procedures, loadings for this bifactor were free 
to vary by mode during configural invariance testing but 
fixed in subsequent models. In a sensitivity analysis, out of 
concern that some participants self-selected into a mode, 
we conducted measurement invariance testing among the 
subset of participants who adhered to their assigned mode; 
inferences were largely the same.

After characterizing potential bias in the overall sum 
score and pinpointing and correcting potentially biased test 
items via measurement invariance testing, we assessed two 
ways to correct for any differences by mode in the associ-
ation of criterion variables, including (a) factor scores esti-
mated from a partially scalar invariant factor, and (b) linear 
equating by mode in which we used the mean and standard 
deviation of the total cognitive score among face-to-face 
administration to equate the telephone administration. 
In linear equating, cognitive scores in the group adminis-
tered tests via telephone are adjusted, so that means and 
standard deviations are constant across modes; details are 
in Livingston (2014).

We generated descriptive statistics and regressions using 
Stata version 15.1 (StataCorp, 2017). We conducted meas-
urement invariance testing using Mplus software, version 
8.2 (Muthén et al., 1998–2017).

Results

Sample Characteristics

Table 1 shows demographic characteristics, overall and by 
mode. Participants were on average 72  years old (range 
65–79  years). A  majority were female (59%) and White 
(79%), and the average number of years of education was 
12.7 years (range 0–17 years). Age did not differ consid-
erably by mode of assessment (72.2 vs 71.9  years); the 
difference in mean age corresponds to standardized mean 
difference, d, of −0.06. There were no other remarkable 
demographic differences by mode, with standardized mean 
differences in the range of 0.00–0.04.

Not all participants adhered to their assigned mode; 
n = 275 participants were assigned a face-to-face interview 
but did a telephone interview, and n = 224 did the opposite. 
Common reasons for deviation from assigned mode among 
the n = 275 participants interviewed via telephone but who 
were assigned a face-to-face interview included to persuade 
a proxy to participate (n = 185, 35%); participant hearing 
problems (n = 98, 19%); and interviewer’s health, conven-
ience, safety, or weather (n = 74, 14%). Common reasons 
for deviation from assigned mode among the n = 224 par-
ticipants interviewed via face-to-face but who were as-
signed a telephone interview included participant hearing 
problems (n = 77, 34%); to persuade a proxy to partici-
pate (n = 43, 19%); and for otherwise unspecified personal 
reasons (n = 33, 15%). People not interviewed in their as-
signed mode were more likely to be Hispanic (odds ratio 
[OR] = 1.71, 95% confidence interval [CI] = 1.33, 2.21), 

and have less education (OR  =  0.96 per year of school, 
95% CI = 0.93, 0.98).

Cognitive Function Assessment

Table 2 shows the age- and sex-adjusted test performance 
for the total cognitive score and individual items by mode. 
Ranges of scores did not differ by mode. We did not ob-
serve large differences in the total cognitive summary score 
or among individual test items. Tests of episodic memory 
had on average higher means from telephone evaluation 
(e.g., immediate noun recall: d = 0.05, delayed noun recall: 
d = 0.11) while some nonmemory items had slightly higher 
means during face-to-face administration (orientation to 
day of week: h = −0.07; vice president’s name: h = −0.08), 
however all effect sizes were less than 0.2, including for the 
total cognitive score (d = 0.05). These differences did not 
change appreciably when additionally adjusted for adher-
ence to the assigned mode.

Association Between Cognitive Performance and 
Mode Assignment on Age and IADL Variables

We tested for differences in the association of total cognitive 
score by mode with each criterion variable, age, and IADL 
difficulty, separately. As expected, lower cognitive perfor-
mance was associated with both older age (β = −0.79; 95% 
CI = −1.11, −0.47) and greater IADL difficulty (RR = 0.60; 
95% CI = 0.48, 0.74). While we did not detect an interac-
tion between cognition and mode for age (β = 0.02; 95% 
CI = −0.19, 0.22), there was an interactive effect of mode 
with cognition in predicting the IADL difficulty sum score 
(RR = 0.87; 95% CI = 0.76, 0.99; Supplementary Table 1). 
These results indicate higher levels of cognition were as-
sociated with a lower risk of IADL difficulty among both 
participants who completed face-to-face interviews or tele-
phone interviews, but that the association was stronger in 
the latter group. Subsequent interrogation of this interac-
tion revealed the mode disparity is largest at lower levels 
of cognition (e.g., among those with a total cognition score 
of 7 and lower, representing 1.4% of the sample; Figure 1, 
panel A).

Detecting Measurement Differences by Mode 
Using Measurement Invariance

Next, we assessed configural invariance and tested metric 
and scalar levels of measurement invariance (reported in 
Supplementary Table 2). Configural invariance is confirmed 
if a multiple group CFA model without cross-group param-
eter constraints and the same factor loading pattern (which 
items load in which factors) fits adequately. This assessment 
is not a formal hypothesis test, and the principal role of the 
configural model is to serve as a baseline model to com-
pare more restrictive invariance testing models (Bontempo 
& Hofer, 2007). The fit of the one-factor configural model 
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was excellent (root mean squared error of approximation, 
RMSEA  =  0.022; confirmatory fit index, CFI  =  0.996; 
standardized root mean squared residual, SRMR = 0.059). 
Fit of the metric model, in which loadings were fixed to 
be the same by mode, was also excellent (RMSEA = 0.020; 
CFI  =  0.997; SRMR  =  0.060) and, importantly, was not 
significantly worse than the configural model (Δχ 2 = 12.37, 
df = 8, p = .14).

The fit of the scalar model, in which thresholds were 
fixed equal across modes, was excellent (RMSEA = 0.021; 
CFI  =  .995; SRMR  =  0.060) although it fit significantly 
worse than the metric model (Δχ 2  =  78.51, df  = 26, p < 
.001) suggesting systematic differences in at least some 
cognitive test thresholds by mode. Therefore we exam-
ined which thresholds differed most by mode (based on the 
metric invariance model), and estimated a partial scalar-
invariant model in which thresholds for immediate and de-
layed word recall, serial 7s subtraction, and knowing the 
day of the week were allowed to vary by mode. Fit relative 
to the metric model was comparable (Δχ 2 = 8.78, df = 4, 
p = .07), suggesting that the difficulty of the four selected 
cognitive test items differed by mode of administration.

The effect of item-level differences identified through 
tests of measurement invariance is encapsulated in Table 
3. Table 3 shows differences in the mean level of cogni-
tive functioning by mode, assuming configural invariance, 
metric invariance, scalar invariance (which makes the same 

assumptions regarding equivalence of items by mode as 
summing items does), and a partial scalar-invariant model 
(which allows for differences in the difficulty of the four 
items by mode, but otherwise enables appropriate com-
parison across mode). Means are standardized to a N(0,1) 
distribution in the face-to-face mode, allowing us to in-
terpret differences on an effect size scale relative to the 
face-to-face mode’s standard deviation. The mean level of 
cognitive functioning assuming a scalar invariance model 
was d = 0.12 standard deviation units higher for telephone 
administration compared to face-to-face (p < .001); this 
absolute difference is attenuated by 63% to d  =  −0.09 
standard deviation units in the partial scalar-invariant 
model (p = .12). This result means that differences in score 
by mode—which participants were randomized to—are re-
duced after allowing certain cognitive test thresholds (im-
mediate and delayed word recall, serial 7s subtraction, and 
knowing the day of the week) to vary by mode.

Potential Strategies to Mitigate Detected 
Measurement Differences by Mode in Criterion 
Variables

Finally, we evaluated the extent to which potential solu-
tions to measurement differences by mode mitigated the 
interaction of mode with cognition in the relationship with 
IADL difficulty (Table 4). Correction of the total cognitive 

Table 1. Characteristics of HRS Participants Aged 65–79 Years in 2014 Assigned to Face-to-Face and Telephone Cognitive 
Function Assessment Administration (N = 6,825)

Characteristic Overall (N = 6,825) 
Face-to-face assignment 
(n = 3,528) 

Telephone assignment 
(n = 3,297) 

Effect size for difference in 
means or proportions by 
assignmenta 

Age, mean (SD; range), y 72.0 (4.3; 65–79) 71.9 (4.3) 72.2 (4.3) −0.06
Female sex, n (%) 4019 (59) 2040 (58) 1979 (60) −0.04
Participant race, n (%)b    0.00
White 5,368 (79) 2,775 (79) 2,593 (79)  
Black 1,098 (16) 570 (16) 528 (16)  
All other racial groups 354 (5) 182 (5) 172 (5)  
Not Hispanic or Latino, n (%)c 6,108 (90) 3,160 (90) 2,948 (90) 0.00
Number of years in school, 
mean (SD; range)

12.7 (3.1; 0–17) 12.7 (3.1) 12.7 (3.1) 0.00

Sum of IADLs unable to 
complete, n (%)d

   0.00

 0 5,908 (87) 3,036 (86) 2,872 (87)  
 1 522 (8) 295 (8) 227 (7)  
 2 219 (3) 107 (3) 112 (3)  
 3 92 (1) 50 (1) 42 (1)  
 4 51 (1) 24 (1) 27 (1)  
 5 33 (1) 16 (1) 17 (1)  

Notes: Characteristics of the study sample. HRS = Health and Retirement Study; IADL = instrumental activity of daily living; SD = standard deviation.
aEffect size statistics (Cohen’s d for continuous variables, h for binary variables, and w for categorical variables) for the difference between face-to-face and tele-
phone cognitive assessment assignment.
bMissing data of race among face-to-face (n = 1) and telephone assignment (n = 4) due to nonreporting among participants.
cComparing non-Hispanic/Latino to Hispanic/Latino; missing data of ethnicity among face-to-face (n = 1) and telephone assignment (n = 2) due to nonreporting 
among participants.
dIADLs participants are unable to complete due to a health or memory problem.
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score via linear equating by mode, which produces a score 
with the same mean and standard deviation, by design does 
not eliminate the significant interaction effect (Table 4 and 
Figure 1, panel B). Use of a factor score, from a partially 
scalar-invariant model to correct the total cognitive score, 
produced an identical point estimate for the interaction ef-
fect, although the interaction was no longer statistically sig-
nificant (RR = 0.87, 95% CI = 0.75, 1.01; Table 4; Figure 
1, panel C). These results suggest none of the approaches 
we tried were able to entirely remove the bias introduced 
by the mode of administration.

Discussion
In this study, we evaluated mode effects in cognitive item 
scores, and overall cognitive function score, among a na-
tionally representative sample of older adults aged 65–74 
randomized to either face-to-face or telephone assessments. 
Findings indicate differences in mean scores by mode: 
higher average memory test scores among telephone assess-
ments, and higher nonmemory average test scores among 
face-to-face assessments. These differences were not appre-
ciably larger than age differences by mode in the sample. 
However, for many tests, the mode differences persisted 
when adjusting for age, sex, and adherence to the assigned 
mode. We did find that mode differences modified associ-
ations between cognitive performance and an important 
criterion variable, IADL difficulty. Measurement invariance 
testing revealed that generally, among the cognitive tests 
administered, tests of memory and attention were most sus-
ceptible to mode differences.

The importance of mode effects will depend on one’s 
research question and study sample. On the one hand, 
the mode effects are very small and should be interpreted 
within the context of the study sample. However, even 

subtle effects attributable to mode can be comparable in 
magnitude to effects of risk factors important to popula-
tion health. Thus, mode effects should be recognized and 
modeled when analyzing data collected from a mixture of 
modes. Importantly, in our sample, mode differences are 
greatest among respondents with lower levels of cognitive 
functioning (Figure 1). Participants with low total cogni-
tive scores (7 points and lower out of a possible total score 
of 35)  represented a small number of individuals in our 
sample. However, in other samples or for scientific ques-
tions that leverage more selected populations, such as 
clinical samples or samples of cognitively impaired older 
adults, mode differences might overwhelm substantively 
important signals. Thus, investigators should carefully 
consider their study sample and scientific question before 
switching modes of data collection.

Assuming that one’s research question requires careful 
consideration to mode differences if they are present, a ques-
tion arises as to how cognitive data from different modes 
should be treated in models. In our study, we evaluated 
several potential solutions, the simplest being to include a 
covariate for mode. We also applied linear equating, which 
has been used to correct for parallel but nonequivalent al-
ternate forms of memory tests (Briceño et al., 2021; Gross 
et al., 2012, 2019), which presents a similar problem. None 
of these approaches entirely removed the bias. If one is 
truly worried about mode effects in their data, one poten-
tial suboptimal resolution, not evaluated here, might be 
to collapse continuous cognitive scores into categorical 
scores for cognitive impairment to mask measurement bias 
by mode; such a coarsening of course loses a great deal 
of information. Thus, further research is needed to better 
understand how to adjust for different modes of presenta-
tion; this solution may very well be unique to certain study 
designs.

The cognitive tests most susceptible to mode differ-
ences were immediate and delayed noun recall, and serial 
7s: in all cases, scores were higher (indicating they were 
easier) when administered via telephone. For these tests, 
in particular, participants might have leveraged strategies 
not intended by the investigator, such as writing down 
words (instead of remembering) or writing the calculations 

Figure 1. Interaction between mode and several alternatives for calcu-
lating cognitive performance in predicting IADL difficulty (N = 6,825). 
Each panel shows the model-estimated association between IADL diffi-
culty (count of difficulties) and cognition, where cognition is defined by 
the raw sum score of all items (panel A), a linear-equated score by mode 
(panel B), and a factor score from a partially scalar-invariant confirm-
atory factor analysis (panel C). IADL =  instrumental activities of daily 
living.

Table 3. Estimated Mode Differences in Scalar-Invariance 
and Partial Scalar-Invariant Factors (N = 6,825)

Model Difference in latent factor mean (SE)a p Value 

Configural 0.18 (0.13) .10
Metric 0.07 (0.08) .43
Scalarb 0.12 (0.04) <.001
Partial scalarc −0.09 (0.06) .12

Note: SE = standard error.
aDifference  =  telephone administration mean – face-to-face administration 
mean.
bItem loadings or thresholds are constrained by mode.
cItem thresholds are allowed to vary by mode.
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(instead of mentally calculating). This should not neces-
sarily be termed cheating, because in the HRS the direc-
tions to the tasks over the telephone did not explicitly ask 
participants not to write down answers to questions or 
use external aids, but if even a fraction of the participants 
did adopt such strategies, that might explain higher av-
erage scores. Previous studies, however, suggest that overt 
cheating on tests is rare (Lachman et al., 2008); this would 
also likely result in a greater difference in scores than what 
we observed, so this is not the most likely explanation. In 
general, several factors could potentially influence perfor-
mance on cognitive tests, for example, the time of day of 
the assessment, difficulty hearing verbal instructions, or 
distractions. Of course, performance on challenging tasks 
might be easier on a telephone because the participant is in 
a familiar context, or because it removes other potentially 
stressful conditions associated with face-to-face interviews 
(Sindi et al., 2013), such as having a stranger perform the 
interview in the participant’s home. In the case of anxiety, 
distraction, or general apprehension and confusion among 
those not accustomed to testing, it is advisable to reach out 
to participants beforehand to review strategies to minimize 
distractions, and to remind them that no one is expected to 
get a perfect score (Lachman et al., 2008).

Our findings are largely consistent with existing liter-
ature. In a sample of 110 women aged 65–90 randomly 
assigned to face-to-face or telephone administration of 

the Telephone Interview for Cognitive Status-Modified, 
Rapp et al. (2012) found similar differences in mean verbal 
learning scores comparing telephone to face-to-face admin-
istration (e.g., long delay free-recall: d = −0.06). The effect 
size for the difference in mean global cognitive functioning 
score comparing telephone to face-to-face was d = −2.55 
in Rapp et  al.’s study, indicating higher mean scores for 
face-to-face administration. That study’s mode difference 
was considerably higher than what we found in the HRS; 
the prior study used different cognitive measures and had 
a smaller sample size of only women who were tested in 
an academic medical setting, which may account for differ-
ences in magnitudes of mode effects between studies. That 
study also reported an effect of mode on rates of change 
over 6 months for the long delay free-recall measure, which 
our study did not evaluate.

Although we find evidence of differences in overall 
cognitive performance under different assessment modes, 
an important caveat is that our findings ought to be rep-
licated in studies using more expansive neuropsycholog-
ical performance tasks because the findings may not hold 
for batteries designed for face-to-face assessment and 
adapted for telephone administration. Given extrinsic 
forces such as global pandemics, other epidemiologic 
studies may be forced to shift from face-to-face to remote 
assessment, or even replace existing tests with measures 
designed for remote assessment (this could also be the 
case when copyrights make adaptation impermissible). In 
the event that data collection protocols must change, dil-
igence is warranted with respect to the selection of cog-
nitive tests, clear documentation of which mode is used 
for testing, and the threats to validity that flow from pro-
tocol modification.

Moreover, in studies for which face-to-face tests were 
adapted for telephone administration as a protocol 
change, continuing remote assessment may be advisable 
even after face-to-face assessment is once again feasible in 
order to create high-quality calibration samples. For ex-
ample, when it is safe to return to face-to-face assessment, 
investigators might consider randomizing participants to 
return to face-to-face versus continuing on telephone ad-
ministration. While costly and administratively burden-
some, such study designs may be necessary to obtain data 
on persons administered cognitive function tests in both 
face-to-face and remote modes, in random and counter-
balanced order, in order to deal with some sources of bias 
(e.g., retest effects).

We acknowledge several limitations of our study. Our 
sample consisted of predominately cognitively unimpaired 
respondents, with few respondents in the cognitively im-
paired or lower levels of performance. This select compo-
sition could potentially hinder inferences made not only to 
participants starting out as cognitively impaired, but also 
to those that transition from unimpaired to impaired, or to 
older age groups (i.e., 80+ years) not included in our study. 
Another limitation is that there are inherent drawbacks to 

Table 4. Negative Binomial Regression of IADL Sum on Total 
Cognitive Function Score (N = 6,825)

Covariate 

IADL difficulty

RR 95% CI 

Total cognitive score (raw)
 Cognition 0.60 (0.48, 0.74)
 Telephone mode (vs face-to-face) 0.87 (0.74, 1.01)
 Interaction 0.87 (0.76, 0.99)
Total cognitive score (linear-equated by mode)
 Cognition 0.60 (0.48, 0.74)
 Telephone mode (vs face-to-face) 0.84 (0.72, 0.98)
 Interaction 0.83 (0.72, 0.95)
Partial scalar score
 Cognition 0.59 (0.47, 0.74)
 Telephone mode (vs face-to-face) 0.77 (0.66, 0.90)
 Interaction 0.87 (0.75, 1.01)

Notes: This table presents possible approaches to correct for differences by 
mode in the association of the criterion variable of IADL difficulty. In the first 
approach, mode is included as a covariate, and the primary covariate is a raw 
sum of cognitive test items. In the second approach, the total cognitive score 
outcome is adjusted via linear equating by mode, which produces a score with 
the same mean and standard deviation. In the third approach, the total cogni-
tive score primary covariate is a factor score from a partially scalar-invariant 
model that corrects for mode effects in cognition. For each approach, the co-
efficient for the primary covariate is provided alongside the mode term, and 
their interaction. As shown by the interactions, all of these approaches fail to 
account for mode differences. IADL = instrumental activities of daily living; 
RR = rate ratio; CI = confidence interval.
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any measure of global cognition obtained from telephone 
administration. Tests of psychomotor performance, visual-
ization, and executive functions such as speeded tasks are 
not readily captured over a telephone. Face-to-face inter-
views, and to some extent, video-based testing (Marra 
et al., 2020), provide a more fertile environment to measure 
both nonverbal cognitive measures and motor skills. An ad-
ditional limitation is that the primary criterion variable we 
used to compare associations of cognition across modes 
was IADL difficulty. Self-reported IADL questions also 
varied by mode, however.

A further study limitation is that there are specific meth-
odological tradeoffs in the HRS. The HRS did not adopt a 
rigorous within-person study design with counterbalancing 
of the order of mode, and randomization yielded some small 
demographic differences between groups that could have 
affected inferences. And the cognitive tests in the HRS—a 
subset of the Telephone Interview for Cognitive Status 
(Brandt et al., 1988)—were selected for brevity and to be ad-
ministered in conjunction with several other surveys by lay 
interviewers. Many components of cognition are condensed 
into a few cognitive tests. This smaller number of items could 
potentially decrease measurement precision of some dimen-
sions and narrow the range of observable data, particularly 
when compared to other cognitive batteries designed for tele-
phone administration (Tun et al., 2006). Prior analysis of the 
measurement properties of the HRS-specific tests, however, 
have demonstrated reasonable dimensionality and internal 
consistency for an overall cognitive functioning score (used 
for the configural model in the present study), a memory 
factor, and a mental status factor (McArdle et al., 2007). This 
suggests reasonable internal validity; and for the purposes of 
longitudinal studies interested in overall cognitive function, 
the HRS cognitive interview is a pragmatic option. These tests 
are descriptive in terms of differentiating between cognitively 
normal and impaired, providing reasonable measures for 
overall cognitive functioning and, critically, memory.

Conclusions
Leveraging a large, nationally representative sample of 
community-dwelling U.S. older adults in 2014 who were 
randomized to the mode of assessment of cognitive func-
tion, we found mode effects on cognitive test score means. 
Among those with lower cognitive function, these differ-
ences by mode were large enough to modify associations 
between cognitive function and IADL difficulty. Accounting 
for measurement differences introduced by mode will ulti-
mately depend on the research question and study sample 
of an investigation that uses mixed modes of assessments.
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