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Abstract

Background: Population-based assessments of the association between personal technol-
ogy use and cognitive performance have shown positive effects among seniors. However, 
prior cognitive function, which predicts future technology use, is seldom considered as a 
potential confounder in previous cross-sectional studies.
Objective: Estimate the association between two measures of personal technology use 
(emailing/texting and computer internet use for administrative tasks) and cognitive per-
formance among a population-based sample of older adults, while adjusting for prior 
cognitive function.
Methods: Data were obtained from the 2016 and 2017 National Health and Aging Trends 
Study. Among 3,695 older adults, we measured the association between emailing/tex-
ting and computer internet use for administrative tasks and delayed and immediate word 
recall, and clock draw score. Survey-weighted multivariable linear regression estimated 
these relationships before and after adjusting for demographic factors, socioeconomic 
factors, physical and mental health, and prior cognitive function.
Results: Participants who never emailed/texted remembered 0.39 (95%CL=-0.54, -0.24) 
fewer words for delayed word recall, 0.49 (95%CL=-0.64, -0.35) fewer words for immedi-
ate word recall, and had 0.19 (95%CL =-0.29, -0.09) lower clock draw scores compared 
to participants who emailed/texted most days. Participants without computer access 
remembered 0.28 (95%CL=-0.47, -0.08) fewer words for delayed word recall and 0.44 
(95%CL=-0.58, -0.30) fewer words for immediate word recall compared to users of 4 or 
more Internet functions.
Conclusion: We found significant differences in delayed and immediate word recall, and 
clock draw scores between the highest and lowest users of emailing/texting. Greater in-
ternet use was significantly associated with higher delayed and immediate recall scores 
compared to participants without computer access.
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O r i g i n a l  R e s e a r c h

IntroductIon
By 2050, the number of adults ≥65 years of age 
is projected to more than double from 41.1 mil-
lion to 83.7 million (Ortman, Velkoff, & Hogan, 
2014). Despite historically low rates of computer/
mobile phone use among older adults, evidence 
indicates that seniors now account for the most 
rapid growth of technology users (Hart, Chaparro, 
& Halcomb, 2008; Newburger, 2001). Although 
it remains unclear if the observed increases in 
technology use are due to the aging of higher-
use groups and/or general increases in use, the 
growing prevalence of technology use among 
older adults has led researchers to explore the 
potential effects of personal technology (e.g., 
cell phones) on cognitive health (Elliot, Mooney, 
Douthit, & Lynch, 2014; Kane et al., 2017).

Previous research on technology use, cognition, 
and aging has been informed by the “Use it or 
Lose it” and “Cognitive Reserve” frameworks 
(Hultsch, Hertzog, Small, & Dixon, 1999; Salt-
house, 1991; Scarmeas & Stern, 2003). In brief, 
these theoretical frameworks suggest that greater 
engagement in intellectual, social, and physical 
activities throughout life is associated with slow-
er age-related cognitive decline. A growing body 
of research is attempting to identify if the use 
of personal technology is stimulating enough to 
slow age-related cognitive decline.

In one randomized trial, older adults who re-
ceived a computerized brain-training program 
had significantly higher cognitive performance 
scores at 6 months follow-up compared to con-
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trol participants (Miller et al., 2013). Similar find-
ings have been replicated in other randomized 
trials (Basak, Boot, Voss, & Kramer, 2008; Dja-
belkhir et al., 2017; also see, O'Shea, De Wit, 
& Smith, 2017). In addition to being associated 
with better cognitive performance on behavioral 
tasks, a recent neuroimaging study revealed that 
less daily computer use, assessed by minutes of 
use per day over one month, was associated with 
smaller hippocampal volume among cognitively 
intact older adults (Silbert et al., 2016). However, 
experimental studies evaluate carefully designed 
interventions and can include non-representative 
samples. Therefore, there is a need to conduct 
population-based assessments of the association 
between everyday personal technology use and 
cognition to expand the generalizability of results.

Several observational studies have found that 
technology use is associated with better cognitive 
performance in older adults  (Elliot et al., 2014; 
Fazeli, Ross, Vance, & Ball, 2013; though see, Salt-
house, Berish, & Miles, 2002). Using a sample of 
community-dwelling older adults in the United 
States, one study cross-sectionally found that mo-
bile phone use was associated with better cog-
nitive performance (Elliot et al., 2014). A second 
cross-sectional study showed that computer ex-
perience was associated with better performance 
across multiple cognitive measures (Fazeli et al., 
2013). However, as with all cross-sectional de-
signs, it remains unclear whether personal tech-
nology use confers cognitive benefits or if cogni-
tively robust individuals engage with technology 
more than their cognitively impaired counterparts. 
In fact, Slegers et al.’s (2009) randomized control 
trial found that internet training had little effects 
on cognitive performance and that participants 
with better verbal memory and inhibitory control 
used their computers more often compared to 
participants with poorer performance.

To control for qualities of cognition that may 
lead to greater technology use, Tun & Lachman 
(2010) cross-sectionally examined the associa-
tion between the frequency of computer use and 
a battery of cognitive tests, while controlling for 
a composite measure of basic cognitive ability. 
Their results showed that participants who used 
a computer daily had modestly higher scores on 
the Brief Test of Adult Cognition by Telephone 
(Tun & Lachman, 2006; Tun & Lachman, 2005) 
assessment compared to participants who used 
the computer once per month. The authors also 
reported that computer use was associated with 
better executive function even when control-
ling for basic cognitive ability. To date, Tun et al. 
(2010) remains one of the few studies to use a 
population-based sample of adults to investigate 
how technology use is associated with cognitive 
health while adjusting for basic cognitive ability.

The current study examines the association be-
tween two facets of personal technology use 
(emailing/texting and computer internet use 
for administrative tasks) and cognitive perfor-
mance, while controlling for cognitive perfor-
mance in the previous year. Our study extends 
the literature by stratifying personal technology 
use by two different tasks (emailing/texting and 
computer internet use for administrative tasks 
[e.g., online banking]), as each process is theo-
retically related to cognitive performance via dif-
ferent causal mechanisms (Barnes, Mendes de 
Leon, Wilson, Bienias, & Evans, 2004; Seeman, 
Lusignolo, Albert, & Berkman, 2001). Addition-
ally, we more directly control for confounding by 
considering cognitive performance in the pre-
vious year. Last, compared to Tun et al. (2012), 
who included a sample of 635 older adults, our 
study includes a large population-based sample 
of 3,695 adults 65 years and older to more ro-
bustly examine this relationship in older age.

Methods
Data source
Data were obtained from the 2016 and 2017 
rounds of National Health and Aging Trends 
Study (NHATS; www.NHATS.org). The NHATS is 
a population-based prospective cohort of older 
adults that began in 2011. The present study used 
data from participants in 2017 (n=6,312) and their 
associated cognitive performance in 2016.

As residents of nursing homes are a distinct 
population, we restricted the current analysis to 
participants living in the community (n=5,177). 
Among community-dwelling participants, we 
excluded participants with a proxy interview 
(n=201), participants whoever had a dementia 
diagnosis (n=239), and participants with invalid 
data for the independent variables, dependent 
variables, or covariates (n=982). The final ana-
lytical sample consisted of 3,695 participants.

The authors’ IRB ruled the present study was 
exempt from the institution IRB ethics approval 
because these data have already been collected, 
are non-identifiable, and are publicly available.

Dependent variables
Episodic memory and executive function were 
assessed in 2016 and 2017 using the Consortium 
to Establish a Registry for Alzheimer's Disease 
(CERAD) immediate and delayed recall tests and 
clock drawing test (Morris et al., 1989). To test 
episodic memory, participants were presented 
with a list of 10 words and asked to recall them 
immediately (i.e., immediate word recall) and af-
ter a five-minute delay (i.e., delayed word recall). 
Scores for both the immediate and delayed word 
recall tests ranged from 0 to 10, represented 
by the total number of correctly remembered 
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words. As a test of executive function and visu-
ospatial abilities, participants were given 120 
seconds to draw an analog clock representing 

“10 after 11”. Trained research staff scored draw-
ings from 0 (“not recognizable as a clock”) to 
5 (“accurate depiction of a clock”) (Wolf-Klein, 
Silverstone, Levy, & Brod, 1989). Scores in 2017 
represent the primary dependent variables and 
the corresponding 2016 scores were included as 
covariates to control for prior cognitive function.

Independent variables
Similar to Elliot et al. (2014), we created two 
ordinal scales representing facets of personal 
technology use: emailing/texting and computer 
internet use for administrative tasks. Greater so-
cial engagement, irrespective of technology use, 
is associated with better cognitive performance 
among older adults (Barnes et al., 2004; Seeman 
et al., 2001). Therefore, we conceptualized email-
ing/texting, which is a social function, as theo-
retically distinct from computer internet use for 
administrative tasks. The NHATS measures par-
ticipants’ emailing/texting behavior and their use 
of various computer internet functions for admin-
istrative tasks. Participants were first asked if they 
emailed or texted in the last month (yes or no). 
Participants reporting “yes” were then asked, “In 
the last month, how often did you send messages 
by email or texting? Would you say, most days, 
some days or rarely?”. Participants who reported 
to not email or text in the first question were add-
ed to create a fourth category representing no use 
(“never”). Final response categories for emailing/
texting use included “most days”, “some days”, 

“rarely”, and “never”. Computer internet use was 
categorized into a four-point ordinal scale: 0 = 
does not have a working computer/has a com-
puter but does not know how to use it/does not 
access a computer from a second location; 1 = 
has a working computer but does not use the in-
ternet; 2 = has a working computer and uses the 
internet for at most 3 functions; 3 = has a work-
ing computer and uses the internet for 4 or more 
functions (Elliot et al., 2014). The NHATS internet 
functions included grocery shopping, banking, 
refilling prescriptions, contacting medical pro-
viders, managing/researching medical insurance, 
and researching health conditions.

Covariates
Several sociodemographic characteristics were 
included as confounders (Elliot et al., 2014; Faze-
li et al., 2013). Sex, age (65-79, 70-74, 75-79, 80-
84, 85-90, and 90+), education (less than high 
school, high school/vocational training/some 
college, and college or higher education), race/
ethnicity (White (non-Hispanic), Black (non-His-
panic), Hispanic, and Other (two or more race/
ethnicities, Pacific Islander, Asian, American 
Indian)) were included in the analysis. We also 

included NHATS’ first imputed yearly income in 
2017, but excluded 2 participants with annual in-
comes above the 99th percentile.

Physical health
Physical health status has been shown to be as-
sociated with both the independent and depend-
ent variables of interest (Fratiglioni, Paillard-Borg, 
& Winblad, 2004; Kesse-Guyot et al., 2012). 
Similar to Elliot et al., (2014), we included par-
ticipants’ subjective self-rated health (excellent, 
very good, good, fair, and poor) as a covariate.

Mental health and social connection
Depressive symptoms were measured using the 
Patient Health Questionnaire-2 (PHQ-2), which 
has been previously validated to detect clinically 
significant symptoms of depression in geriatric 
populations (Li, Friedman, Conwell, & Fiscella, 
2007). Participants were asked, “Over the last 
month, how often have you (1) had little interest 
or pleasure in doing things, and (2) felt down, de-
pressed, or hopeless?” Valid response categories 
included, not at all, several days, more than half the 
days, nearly every day. Responses to each question 
ranged from 0 (not at all) to 3 (‘nearly every day) 
and were summed to obtain a composite measure 
of depressive symptoms that ranged from 0 to 6.

We controlled for social connection by including 
a term for the number of individuals a respond-
ent indicated they could talk to about important 
things (between 0 and 5). Finally, we controlled 
for participants’ marital status in 2017 (married/
living with a partner, separated/divorced, wid-
owed, or never married).

Data analysis
We described the analytical sample and com-
pared participants across the levels of emailing/
texting and computer internet use. Similar to 
prior studies using the NHATS cognitive perfor-
mance measures, multivariable linear regression 
was used to estimate unadjusted and adjusted 
associations between each cognitive perfor-
mance dependent variable (immediate word re-
call, delayed word recall, and clock draw score) 
and each ordinal measure of emailing/texting 
and computer internet use separately (Wenn-
berg, Hagen, Gottesman, Zipunnikov, Kaufmann 
et al., 2017; Wennberg, Gottesman, Kaufmann, 
Albert, Chen-Edinboro et al., 2014).

All analyses used 2017 NHATS survey weights to 
account for the complex survey design. All analy-
ses were conducted in Stata 15.1 (Statacorp, 2017).

results
A total of 3,695 participants met the study’s in-
clusion criteria, representing 26,913,733 older 
adults living in the contiguous United States. 
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In the 30 days prior to participants’ 2017 as-
sessment, 1,231 (42.67%) emailed/texted most 
days, 574 (17.09%) emailed/texted some days, 
329 (8.64%) emailed/texted rarely, and 1,561 
(31.61%) never emailed/texted. Participants who 
emailed/texted most days had significantly great-
er proportions of women, White race/ethnicity, 
younger age, higher educational attainment, and 
better self-rated health. All three cognitive per-
formance scores in 2017 were also significantly 
higher with the increasing use of emailing/tex-
ting. Additionally, participants who emailed/
texted more frequently in 2017 had higher mean 

cognitive performance scores in 2016. Cognitive 
performance scores in 2017 were significantly 
correlated with scores in 2016, with medium to 
large effect sizes (Tables 1 & 2).

In the 30 days before the 2017 assessment, 588 
(20.59%) participants used 4 or more computer 
internet functions, 1,212 (39.16%) participants 
used at most 3 internet functions, 755 (16.21%) 
participants had access to a computer but no 
internet and 1,140 (24.04%) had no computer 
access. Observed differences in participant char-
acteristics were similar when stratified by com-
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puter internet use to emailing/texting use (data 
not shown).

Emailing/texting
After adjusting for confounding, we found sig-
nificant differences in cognitive performance 
between never emailing/texting and emailing/tex-
ting most days (Table 3). Compared to participants 
who emailed/texted most days, those who never 
emailed/texted remembered 0.39 (95%CL=-0.54, 

-0.24) fewer words on the delayed word recall test, 
0.49 (95%CL=-0.64, -0.35) fewer words on the 
immediate word recall test, and had 0.19 (95%CL 
=-0.29, -0.09) lower scores on the clock draw test. 
Adjusted mean predicted scores for each depend-
ent variable are reported in Table 4.

There were no 
significant differ-
ences between 
adjacent email-
ing/texting use 
categories for de-
layed word recall 
or clock draw 
scores. However, 

participants who emailed/texted most days had 
significantly higher immediate word recall scores 
compared to participants who emailed/texted 
some days (p=0.012). There was no significant 
difference between participants who emailed/
texted some days compared to rarely (p=0.599), 
and participants who rarely emailed/texted had 
significantly higher scores than those who never 
emailed/texed (p=0.012) (Figure 1).

Computer internet use for administrative tasks
After adjusting for confounding, we found signifi-
cantly lower delayed and immediate word recall 
scores among participants without computer 
access (delayed word recall: β=-0.28, 95%CL=-
0.47, -0.08; immediate word recall: β=-0.44, 

Figure 1. Adjusted mean predicted cognitive performance scores by levels of personal technology use.
Note: A. Emailing/Texting Use represents the adjusted mean predicted delayed word recall. immediate word recall, and clock draw score across 
levels of emailing and texting. B. Computer Internet Use for Administrative Tasks represents the adjusted mean predicted delayed word recall, 
immediate word recall, and clock draw score across levels of computer use. Means were predicted after each linear regression model and are 
adjusted for age, sex, race/ethnicity, income, education, social network size, marital status, depressive symptoms, self-rated health, and the as-
sociated cognitive performance score in 2016. 95% confidence intervals are plotted for each estimate.

 

 

 

A. Emailing/Texting Use

3

4

5

6

0.5 1.5 2.5 3.5 4.5

Delayed Word Recall

3

4

5

6

0.5 1.5 2.5 3.5 4.5

Immediate Word Recall

3

4

5

6

0.5 1.5 2.5 3.5 4.5

Clock Draw Score

Most days Some
days

Rarely Never Most days Some 
days

Rarely Never Most days Some 
days

Rarely Never

B. Computer Internet Use for Administrative Tasks

3

4

5

6

0.5 1.5 2.5 3.5 4.5

Delayed Word Recall

Uses 4 ≥ 
Internet 

functions

Uses 3 ≤ 
Internet 

functions

Has 
computer, 

but no 
Internet

No 
computer 
access

Levels of emailing/texting

Levels of computer use

p = 0.451
p = 0.458

p = 0.158

p = 0.012 p = 0.599 p = 0.012

p = 0.319
p = 0.926

p = 0.068

p = 0.786
p = 0.005

p = 0.941

3

4

5

6

0.5 1.5 2.5 3.5 4.5

Immediate Word Recall

Uses 4 ≥ 
Internet 

functions

Uses 3 ≤ 
Internet 

functions

Has 
computer, 

but no 
Internet

No 
computer 
access

p = 0.631
p < 0.001

p = 0.292

3

4

5

6

0.5 1.5 2.5 3.5 4.5

Clock Draw Score

Uses 4 ≥ 
Internet 

functions

Uses 3 ≤ 
Internet 

functions

Has 
computer, 

but no 
Internet

No 
computer 
access

p = 0.936
p = 0.034

p = 0.729

M
ea

n 
pr

ed
ic

te
d 

sc
or

e

M
ea

n 
pr

ed
ic

te
d 

sc
or

e

M
ea

n 
pr

ed
ic

te
d 

sc
or

e

M
ea

n 
pr

ed
ic

te
d 

sc
or

e

M
ea

n 
pr

ed
ic

te
d 

sc
or

e

M
ea

n 
pr

ed
ic

te
d 

sc
or

e



6

The association between personal technology use and cognition

95%CL=-0.58, -0.30) and participants with a 
computer but no internet access (delayed word 
recall: β=-0.27, 95%CL=-0.52, -0.01; immediate 
word recall: β=-0.36, 95%CL=-0.55, -0.16) com-
pared to participants who used the internet for 
4+ functions. No significant differences in clock 
draw scores were found across adjusted compar-
isons of computer internet use (Table 3).

No significant differences were observed be-
tween users of 4+ internet functions and users of 
at most 3 internet functions across all cognitive 
performance scores. No significant differences 

were found between partici-
pants with computer access but 
no internet and participants with 
no computer access across all 
cognitive performance scores. 
However, participants who had 
computers but no internet ac-
cess had significantly lower de-
layed word recall (p=0.005), im-
mediate word recall (p < 0.001), 
and clock draw (p=0.034) scores 
compared to participants who 
used 3 or fewer internet func-
tions (Figure 1).

dIscussIon
We examined the association 
between emailing/texting and 
computer internet use for admin-
istrative tasks and cognitive per-
formance among a population-
based sample of older adults 
living in the contiguous United 
States. After controlling for con-
founding, we found significant 
differences in delayed word 
recall, immediate word recall, 
and clock draw scores between 
those that emailed/texted most 
frequently and least frequently. 
Similarly, participants who used 
the internet for administrative 
tasks had significantly higher 
delayed word recall and imme-
diate recall scores compared to 
participants who did not use the 
internet for administrative tasks.

Our findings echo previous pop-
ulation-based cross-sectional 
studies that also found significant 
positive associations between 
personal technology use and 
cognitive performance (Elliot et 
al., 2014; Fazeli et al., 2013; Tun 
& Lachman, 2010). When com-
paring the extremes of email-
ing/texting (i.e., emailing/texting 

most days to never) and computer internet use 
(i.e., uses 4+ internet functions to no computer 
access), our findings suggest that these two facets 
of personal technology use are associated with 
better cognitive performance among older adults. 
We observed insignificant differences between 
most adjacent emailing/texting and computer in-
ternet use categories (with one exception being 
immediate word recall for emailing/texting use). 
Experimental studies with greater control of the 
independent variable will be needed to elucidate 
whether a dose-response relationship between 
emailing/texting behaviors and computer internet 
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use and cognitive performance exists.

Controlling for cognitive performance in the 
previous year is a strength of the current study, 
and in part, likely explains the small effect size. 
Conceptualized as a confounder, cognitive per-
formance in 2016 is likely causally associated 
with the independent and dependent variables 
of interest but does not temporally mediate the 
relationship. Previous cross-sectional studies that 
have not considered prior performance can intro-
duce bias because as Slegers et al. (2009) found, 
participants with better cognitive performance 
engage with technology more often compared to 
participants with poorer cognitive performance.

While the cross-sectional association between 
emailing/texting and computer internet use on 
cognitive performance is modest in effect size, 
we hypothesize that the observed differences will 
increase over time. This hypothesis is supported 
by the slow nature of cognitive change. One pro-
spective cohort study of community-dwelling 
cognitively intact older adults found insignificant 
differences in the rate of cognitive decline over 3 
years of follow-up but found significant evidence 
of cognitive decline after 6 years of follow-up 
(Small, Fratiglioni, Viitanen, Winblad, & Back-
man, 2000). Therefore, a logical next step is to 
explore how these facets of everyday technology 
use are associated with cognitive performance 
over several years of follow-up.

Our findings extend the results of previous stud-
ies, but we remain cautious to interpret their 
clinical significance. For example, although 
statistically significant, we found that partici-
pants who never emailed/texted remembered 
only 0.39 fewer words on delayed word recall 
and 0.49 fewer words on immediate word re-
call compared to participants who emailed/

texted most days after adjusting for confound-
ing. Recent work by Goldstein and colleagues 
(2018) evaluated the incremental validity of the 
Montreal Cognitive Assessment (MoCA) and 
compared differences in MoCA scores across 
participants with Alzheimer disease, mild cogni-
tive impairment, and normal cognition. The Co-
hen’s d comparing effect sizes on the language 
and visuospatial subtests between cognitively 
normal participants and participants with mild 
cognitive impairment were small (0.29 and 0.28, 
respectively). As the authors noted, differentiat-
ing between participants with normal cognitive 
abilities and mild cognitive impairment can be 
distinguished by subtle differences in perfor-
mance. While the cognitive assessments used in 
our study differ from Goldstein et al. (2018), our 
observed differences of 0.39 on delayed word 
recall and or 0.49 on immediate word recall 
between emailing/texting most days compared 
to never, might suggest the difference between 
normal cognition and mild cognitive impairment 
in some patients; however, additional work is re-
quired to assess the clinical significance.

The present study has several limitations. First, al-
though we excluded participants with dementia, 
the potential for recall bias remains for the self-
reported independent variables, and covariate 
measures. Second, emailing/texting and com-
puter internet use for administrative tasks captures 
only two facets of personal technology use, and 
each element was grouped into four broad cat-
egories. Third, other forms of personal technology, 
such tablets, and other handheld devices were 
not measured. Fourth, there is a potential for dif-
ferential misclassification of the independent vari-
ables, such that individuals with better cognitive 
performance more accurately report their tech-
nology use behaviors compared to participants 
with poorer cognitive health; however, the direc-
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tion of this potential bias is challenging to predict. 
Last, and related to the prior limitation, there is 
likely heterogeneity within personal technology 
use categories thereby potentially violating the 
consistency condition (Hernán & Robins, 2018).

Despite these limitations, our study adds to the 
literature by directly considering prior cogni-
tive performance in our assessment of current 
technology use behaviors and cognitive perfor-
mance. Additionally, our measures of cognitive 
performance were objectively measured using 
clinically validated measures. Future studies 
may longitudinally explore this relationship and/
or estimate the direct effects of technology use 
and the joint effects of technology use and so-

cial connection on cognitive performance. As 
with previous studies, the observed association 
between emailing/texting use and cognitive per-
formance may be attributed to, in part, elements 
of social connection. 

Conclusions
Our results indicated that emailing/texting and 
computer internet use for administrative tasks (e.g., 
online banking) were modestly associated with 
better scores on delayed and immediate word 
recall, and clock draw scores. These findings sug-
gest that everyday personal technology use may 
have a small protective benefit on older adults’ 
cognitive performance; which has implications in 
seniors’ quality of life and social well-being.
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