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Although information and communication technologies have become an integral part of contemporary societies,
substantial proportions of the older population remain distant from these digital tools. This stresses the
importance of identifying age-specific factors that facilitate or prevent technology adoption among older age
groups. Despite being powerful determinants of behavior and health in late adulthood, little is known about the

Cognition . . . . . . .
Tecghnology role of stereotypical perceptions about age and aging in the behavioral engagement with technological devices.
Longitudinal Across two longitudinal studies, we examined the relationship between self-perceptions of aging and computer

use behavior, as well as the mediating role of cognitive functioning. Study 1 was based on the 2010, 2014, and
2018 waves of the Health and Retirement Study (n = 3404). Study 2 was based on the 2014 and 2017 waves of
the German Ageing Survey (n = 4871). Both studies revealed that more positive self-perceptions of aging were
associated with more frequent computer use behavior. Moreover, this relationship was partially mediated by
cognitive functioning. This suggests that perceptions about their aging experience can influence how individuals
behave towards computer technology by impacting important predictors of use behavior. Interventions pro-
moting positive self-perceptions of aging may thus contribute to the digital inclusion of middle-aged and older
adults.

1. Introduction

There is growing evidence that information and communication
technology contributes to quality of life in late adulthood. Greater levels
of computer and internet use have been associated with better health
and well-being, including increased life satisfaction and social support,
as well as decreased feelings of loneliness and depression (Chopik, 2016;
Hartanto et al., 2020; Heo, Chun, Lee, Lee, & Kim, 2015; for reviews, see
Hunsaker & Hargittai, 2018; Wagner, Hassanein, & Head, 2010). Yet,
older age groups are less likely to adopt information and communication
technology than the general population (Konig, Seifert, & Doh, 2018;
Organization for Economic Cooperation and Development [OECD],
2019; Ryan, 2018), which prevents them from taking advantage of these
potential benefits. This age-based digital divide underscores the
importance of identifying and addressing age-specific barriers to

technology uptake in late adulthood. Research exploring age differences
in technology use has focused primarily on individual characteristics,
with older age groups consistently reporting lower self-efficacy and
higher anxiety or discomfort with technology, lower perceived ease of
use, perceived usefulness, and behavioral intention to use technology, as
well as lower cognitive abilities (Czaja et al., 2006; Czaja & Sharit,
1998b; Lee et al., 2019; for reviews, see Hauk, Hiiffmeier, & Krumm,
2018; Wagner et al., 2010).

Surprisingly, little is known about the role of societal factors, such as
stereotypical views of age and aging, in how individuals engage with
information and communication technology. Older age groups are often
stereotyped as having less technological ability than younger in-
dividuals. Older adults are considered less likely and less capable of
performing technology-related activities, such as taking and completing
a computer course (Ryan, Szechtman, & Bodkin, 1992; Swift, Abrams, &
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Marques, 2013), and older workers are perceived as less skilled and less
experienced with technology (McGregor & Gray, 2002; Van Dalen,
Henkens, & Schippers, 2009). Stereotypical beliefs about age and aging
have been consistently found to influence older individuals’ actions or
behaviors (for reviews, see Meisner, 2011; Westerhof et al., 2014),
suggesting that negative stereotypes about the technological compe-
tence of older age groups may reinforce their lower rates of technology
adoption.

The present research sought to understand whether and how ste-
reotypical views of age and aging may impact technology use in late
adulthood. According to the stereotype embodiment theory (Levy,
2009), culturally shared beliefs about older people and the aging process
are internalized since childhood and reinforced throughout adulthood.
However, as individuals grow older, these stereotypical perceptions
about age and aging become perceptions about themselves and their
own aging experience, or self-perceptions of aging (Kornadt & Roth-
ermund, 2012; Kornadt, Voss, & Rothermund, 2017). This implies that
age stereotypes about technological inability may be internalized,
causing older individuals to doubt their own ability to use technology
and consequently undermining its adoption in their daily lives. This is
consistent with evidence that older age groups report lower technology
self-efficacy, which is associated with lower technology use (Czaja et al.,
2006; Lee et al., 2019; Mitzner et al., 2019).

Still, this may not be the only mechanism through which negative
perceptions about age and aging may preclude technology use in late
adulthood. An extensive body of research has documented the beneficial
and detrimental impacts of positive and negative age stereotypes and
self-perceptions of aging across multiple health domains (for reviews,
see Chang et al., 2020; Westerhof et al., 2014), including cognitive
functioning (Levy, Zonderman, Slade, & Ferrucci, 2011; Robertson,
King-Kallimanis, & Kenny, 2016; Seidler & Wolff, 2017; Siebert, Wahl, &
Schroder, 2018). Interacting with information and communication
technology is cognitively demanding, as suggested by evidence that
cognitive functioning is an important predictor of performance (Czaja &
Sharit, 1998a; Czaja, Sharit, Ownby, Roth, & Nair, 2001; Sharit, Taha,
Berkowsky, Profita, & Czaja, 2015) and usage (Czaja et al., 2006;
Mitzner et al., 2019; Tun & Lachman, 2010). This suggests that, by
compromising cognitive functioning, negative age stereotypes and
self-perceptions of aging may indirectly undermine technology use
behavior.

Few studies have explored these potential relationships. Lagace,
Charmarkeh, Laplante, and Tanguay (2015) found that older adults who
held more negative beliefs about older people used information and
communication technologies for fewer activities than those with more
positive age stereotypes. Cody, Dunn, Hoppin, and Wendt (1999)
showed that older adults with more positive self-perceptions of aging
were more likely to complete an internet training program and spend
more time online during its four-month duration. In contrast, Yoon,
Jang, and Xie (2016) found no significant relationship between
self-perceptions of aging and computer use when controlling for relevant
health and demographic factors. Although inconclusive, these findings
tend to suggest the existence of positive associations from age stereo-
types and self-perceptions of aging to technology use behavior. None-
theless, they do not fully clarify the directionality and causality of the
relationships, nor identify potential mediating mechanisms.

To investigate the interplay between self-perceptions of aging,
cognitive functioning, and technology use behavior, we conducted two
longitudinal studies including middle-aged and older adults from
different countries, different domains of cognitive functioning, and
different measures of use behavior. We focused on computers for being
potentially more cognitively demanding than other types of technology
(Tsai, Shillair, Cotten, Winstead, & Yost, 2015). Overall, we predicted
that cognitive functioning would mediate the relationship between
self-perceptions of aging and computer use behavior over time. Specif-
ically, we hypothesized a direct positive association between
self-perceptions of aging and computer use behavior (Hypothesis 1),
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such that more positive self-perceptions would relate to higher levels of
use behavior. Additionally, we hypothesized an indirect positive asso-
ciation between self-perceptions of aging and computer use behavior
through cognitive functioning (Hypothesis 2), such that positive
self-perceptions would relate to better cognitive functioning (Hypothe-
sis 2a), which would then relate to greater computer use (Hypothesis
2b). We tested these predictions in both studies while also controlling for
relevant health, well-being, and demographic correlates of computer use
behavior, cognitive functioning, and self-perceptions of aging (for re-
views, see Hertzog, Kramer, Wilson, & Lindenberger, 2008; Marques
et al., 2020; Wagner et al., 2010). Given the wide age range in our study
samples, potential age differences between middle-aged and older adults
were also investigated.

2. Study 1

Based on the Health and Retirement Study, our first study examined
the relationships between self-perceptions of aging, cognitive func-
tioning, and computer use behavior over eight years among individuals
aged 50 or older from the United States of America. Given the stereo-
typical beliefs about memory and aging, we focused on memory per-
formance as an indicator of cognitive functioning. Memory decline is
widely assumed to be an inevitable part of the aging process, with older
age groups being commonly stereotyped as forgetful (Hummert,
Garstka, Shaner, & Strahm, 1994; Ryan, 1992). Age stereotypes have
been found to be important predictors of both short-term and long-term
memory performance (Levy, 1996; Levy et al., 2011). Although longi-
tudinal research looking specifically at the interplay between
self-perceptions of aging and memory functioning is scarce, some find-
ings suggest a positive association over time (Robertson et al., 2016;
Siebert et al., 2018). Longitudinal evidence for the relationship between
memory functioning and computer use is mixed, with one study
providing support for this relationship over six years (Slegers, van
Boxtel, & Jolles, 2012) and another study showing no association over
nine years (Hartanto et al., 2020). Overall, we expected the relationship
between self-perceptions of aging and computer use behavior to be
mediated by cognitive functioning as indicated by memory
performance.

2.1. Method

2.1.1. Participants

The Health and Retirement Study (HRS, Sonnega et al., 2014) is a
biennial longitudinal survey of a nationally representative sample of the
United States population aged over 50 years and their spouses of any
age. The HRS is sponsored by the National Institute on Aging (grant
number NIA U01AG009740) and is conducted by the University of
Michigan. A “leave-behind” self-completed psychosocial questionnaire
has been administered to a rotating half of the sample every four years
since 2006. The present study is based on all respondents aged 50 years
or older who completed the core interview and the psychosocial ques-
tionnaire in 2010, 2014, and 2018 (Time 1 [T1], Time 2 [T2], and Time
3 [T3], respectively; n = 3404), the most recent waves that included the
same measures of self-perceptions of aging, cognitive functioning, and
computer use behavior.

2.1.2. Measures

Self-perceptions of Aging. Five items derived from the Attitude
Toward Own Aging subscale of the Philadelphia Geriatric Center Morale
Scale (Lawton, 1975) assessed self-perceptions of aging: (1) “Things
keep getting worse as I get older”, (2) “I have as much pep as I did last
year”, (3) “The older I get, the more useless I feel”, (4) “I am as happy
now as I was when I was younger”, and (5) “As I get older, things are
better than I thought they would be”. Response options ranged from 1
(strongly disagree) to 6 (strongly agree). Negatively phrased items (1 and
3) were reverse coded so that higher values reflected more positive
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self-perceptions of aging (Cronbach’s alpha: at; = 0.73, ary = 0.73, ars
=0.74).

Cognitive Functioning. Episodic memory was chosen as an indi-
cator of cognitive functioning and assessed with two free recall tasks
(McArdle, Fisher, & Kadlec, 2007). A list of 10 nouns was read to par-
ticipants, who were asked to recall as many words as possible: (1)
immediately after their presentation — immediate word recall; and (2)
after a delay of approximately five minutes — delayed word recall.
Memory performance on each task was coded as the total number of
correctly recalled words, ranging from 0 to 10, with higher scores
indicating better cognitive functioning (Spearman-Brown coefficient:
p11 = 0.82, pro = 0.86, pr3 = 0.85).

Computer Use Behavior. A single item from a list of different ac-
tivities assessed general frequency of computer use: “Please tell us how
often you do each activity. (...) Use a computer for e-mail, Internet or
other tasks?”. Response options ranged from 1 (daily) to 7 (never/not
relevant), which were reverse coded so that higher values indicated more
frequent computer use.

Covariates. Age (in years), education (in years), gender (1 = female),
marital status (1 = married), employment status (1 = working), income,
subjective health, physical conditions, depressive symptoms, and lone-
liness assessed at baseline were included as covariates. Income was
based on an imputed measure of total household income provided by the
HRS, which was log transformed to correct skewness. Subjective health
(“Would you say your health is excellent, very good, good, fair, or
poor?”) was rated from 1 (excellent) to 5 (poor). Physical conditions were
scored as the sum of seven illnesses (hypertension, diabetes, cancer, lung
disease, heart condition, stroke, and arthritis). Depressive symptoms
were scored as the sum of eight items from the Center for Epidemiologic
Studies Depression Scale (CES-D; Radloff, 1977; a = 0.80). Loneliness
was scored as the mean of three items from the short version of the
Revised University of California, Los Angeles Loneliness Scale (R-UCLA;
Hughes, Waite, Hawkley, & Cacioppo, 2004; @ = 0.81). Responses were
reverse coded as appropriate so that higher values indicated greater
levels of the corresponding construct.

2.1.3. Analysis

A three-wave autoregressive cross-lagged panel design was used to
test longitudinal mediation (Cole & Maxwell, 2003; Little, Preacher,
Selig, & Card, 2007). Structural equation modeling was performed using
Mplus 8 (Muthén & Muthén, 1998-2017) with maximum likelihood
estimation (ML). Mediation was examined using percentile boot-
strapping with 10,000 resamples to generate estimates and 95% confi-
dence intervals (CI) that indicate the significance of indirect effects.
Model fit was examined based on the Chi-Square Test (x), the
Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI), the Root
Mean Square Error of Approximation (RMSEA), and the Standardized
Root Mean Square Residual (SRMR). CFI and TLI values of 0.90 or higher
and RMSEA and SRMR values of 0.08 or lower were considered indic-
ative of acceptable fit (Browne & Cudeck, 1993; Hu & Bentler, 1999).
Model fit comparisons were based on the chi-square difference test
(Aayd.

As the first step of the longitudinal analysis, we tested the mea-
surement model. Self-perceptions of aging and cognitive functioning
were modeled as latent factors with their respective items serving as
observed indicators. Residuals of corresponding indicators were corre-
lated across waves. To ensure that the same constructs were measured
across time, longitudinal measurement invariance was tested by speci-
fying a series of increasingly constrained models representing various
degrees of invariance: configural (equal structure), weak (equal load-
ings), and strong (equal intercepts). Due to the large sample of the
current study, CFI differences of 0.010 or lower (ACFI < 0.010) were
considered indicative of no substantial difference in model fit, therefore
demonstrating measurement invariance (Cheung & Rensvold, 2002). At
least partial strong invariance was demonstrated and equality con-
straints were applied consistently with the appropriate level of
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invariance (Little et al., 2007). As the second step, we tested the struc-
tural model. Computer use behavior and all covariates were modeled as
observed variables. Autoregressive paths were specified between the
same constructs across waves, while cross-lagged paths were established
between different constructs across waves. Stationarity was tested by
constraining autoregressive and cross-lagged paths to be equal across
waves (Cole & Maxwell, 2003). Differences between an association (e.g.,
from self-perceptions of aging at T1 to computer use behavior at T3) and
its reverse pattern (e.g., from computer use behavior at Tl to
self-perceptions of aging at T3) were examined based on the chi-square
difference test (AXZ). A constrained model in which the associations
were constrained to equality was compared to an unconstrained model
in which they were allowed to differ.

Lastly, multigroup analysis was conducted to identify potential age
differences by comparing middle-aged adults (50 to 64 years) and older
adults (65 years or older). Multigroup measurement invariance was also
tested to ensure that the same constructs were measured across groups,
demonstrating at least partial strong invariance. A constrained model in
which cross-lagged paths were equated across age groups was compared
to an unconstrained model in which these paths were allowed to differ.

2.2. Results

2.2.1. Descriptive analysis

Sample characteristics at baseline are shown in Table 1. Age ranged
from 50 to 93 years (M = 64.41). Education ranged from 0 to 17 years
(M = 13.44). Most participants were female (60.16%) and married
(66.48%). Less than half were working (42.98%). Subjective health
averaged between good and very good (M = 3.44). Participants reported
low levels of physical conditions (M = 1.74), depressive symptoms (M =
1.13), and loneliness (M = 1.44).

Table 2 presents the correlations between the main variables across
the three waves. Self-perceptions of aging were moderately positive,
cognitive functioning was close to the midpoint, and computer use was
moderately frequent. Self-perceptions of aging were significantly and
positively related to use behavior across all waves. Cognitive func-
tioning was significantly and positively associated with both, although
more strongly with computer use.

2.2.2. Longitudinal analysis

Firstly, we tested the measurement model. The modification indices
suggested correlating the residuals of items 1 and 3 within the self-
perceptions of aging latent factors to improve model fit. Because both
items were reverse coded and part of the same measure, their residuals

Table 1
Sample characteristics at baseline in Study 1 (n = 3404) and Study 2 (n = 4871).
Variables Study 1 Study 2
M (n) SD (%) Range M (n) SD (%) Range

Age 64.41 8.93 50-93 63.92 10.58 40-94

Education 13.44 2.71 0-17 2.41 0.58 1-3

Gender (2048) (60.16) 0-1 (2474) (50.79) 0-1
(female)

Marital status (2263) (66.48) 0-1 (3564) (73.17) 0-1
(married)

Employment (1463) (42.98) 0-1 (1812) (37.20) 0-1
status
(working)

Income (log) 4.65 0.59 0-6.32 3.42 0.25 2.09-4.70

Subjective 3.44 1.00 1-5 3.58 0.79 1-5
health

Physical 1.74 1.26 0-6 2.50 1.81 0-11
conditions

Depressive 1.13 1.76 0-8 6.25 5.72 0-40
symptoms

Loneliness 1.44 0.52 1-3 1.76 0.54 1-4

Region (East - - - (1607)  (32.99) 0-1

Germany)
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Table 2
Means, standard deviations, and correlations between the main variables across the three waves in Study 1.
Variables M SD Range 1 2 3 4 5 6 7 8
1. Self-perceptions of aging 2010 4.18 1.07 1-6 -
2. Self-perceptions of aging 2014 4.12 1.06 1-6
3. Self-perceptions of aging 2018 4.04 1.08 1-6
4. Cognitive functioning 2010 5.32 1.47 0-10 -
5. Cognitive functioning 2014 5.20 1.55 0-10 -
6. Cognitive functioning 2018 5.12 1.64 0-10 58#** -
7. Computer use behavior 2010 5.07 2.54 1-7 33 34 -
8. Computer use behavior 2014 5.16 2.52 1-7 33k 35k 83k -
9. Computer use behavior 2018 5.09 2.54 1-7 35%H* 37 4L T7HEE 82%H*

*p < .05, **p < .01. ***p < .001.

were allowed to correlate at each time point. Because strong longitu-
dinal invariance was demonstrated (see Supplementary Table 1), load-
ings and intercepts were equated across waves. The resulting
measurement model had good fit to the data: ¥ (170) = 1094.71, CFI =
0.967, TLI = 0.959, RMSEA = 0.040 (90% Confidence Interval (CI)
[0.038, 0.042]), SRMR = 0.049. Secondly, we tested the structural
model. Stationarity was demonstrated, Ay? (7) = 11.86, p = .105, so
path coefficients were equated across waves. The resulting structural
model had adequate fit to the data: Xz (447) = 3091.05, CFI = 0.935, TLI
=0.925, RMSEA = 0.042 (90% CI [0.040, 0.043]), SRMR = 0.050. Fig. 1
presents the autoregressive cross-lagged panel model with standardized
path coefficients (), while the unstandardized path coefficients (b) are
reported below.

The autoregressive associations of self-perceptions of aging (b =
0.76, p < .001), cognitive functioning (b = 0.67, p < .001), and com-
puter use behavior (b = 0.79, p < .001) were all significant, substantial,
and positive. Supporting Hypothesis 1, the direct association from self-
perceptions of aging at T1 to computer use behavior at T3 was signifi-
cant and positive (b = 0.10, p = .021). Also supporting Hypothesis 2, the
indirect association from self-perceptions of aging at T1 to computer use
behavior at T3 was significant and positive (b = 0.017, p < .001, 95% CI
[0.010, 0.025]). The cross-lagged associations from self-perceptions to
cognitive functioning (b = 0.09, p < .001) and from cognitive func-
tioning to use behavior (b = 0.20, p < .001) were all significant and
positive, consistently with Hypotheses 2a and 2b, respectively. Lastly,
the total association from self-perceptions of aging at T1 to computer use
behavior at T3 was also significant and positive (b = 0.12, p = .007).
Taken together, these results indicate that cognitive functioning

partially mediates the relationship between self-perceptions of aging
and computer use behavior over eight years.

In turn, although the direct and total associations from computer use
behavior at T1 to self-perceptions of aging at T3 were both nonsignifi-
cant, the indirect association via cognitive functioning was significant
and positive (direct: b < 0.01, p = .517; indirect: b = 0.002, p = .005,
95% CI [0.001, 0.003]; total: b < 0.01, p = .225). Still, all these asso-
ciations were significantly different and weaker than their correspond-
ing reverse patterns, that is, from self-perceptions at T1 to use behavior
at T3 (direct: Ay? (1) = 6.67, p = .010; indirect: Ay? (1) = 14.93, p <
.001; total: Ax? (1) = 8.84, p = .003). The cross-lagged associations from
use behavior to cognitive functioning (b = 0.08, p < .001) and from
cognitive functioning to self-perceptions (b = 0.02, p = .005) were also
significant and positive, although significantly different and weaker
than their corresponding reverse associations (sz (1) =44.52,p <.001
and Ay? (1) = 9.97, p = .002, respectively). Although these results
provide some evidence of reciprocal relationships between constructs,
the associations from self-perceptions at T1 to use behavior at T3 were
consistently stronger.

2.2.3. Multigroup analysis

Finally, we tested whether the relationships between self-perceptions
of aging, cognitive functioning, and computer use behavior differed
between middle-aged adults (50-64 years, Mage = 57.27, SDage = 4.01,n
= 1816) and older adults (65-93 years, Mage = 72.58, SDage = 5.27,n =
1588). Partial strong multigroup invariance was demonstrated (see
Supplementary Table 1), so loadings and intercepts were equated
accordingly across groups. The constrained model did not differ

TIME 1 TIME 2 TIME 3
2010 2014 2018
Self-perceptions T4 Self-perceptions 76 Self-perceptions
of aging of aging " of aging
R? = .46 R? =.56 T R?=.59
03" X 04"

01 _.--T
_05*** ’/z - _05***

Cognitive 62" ~ Cognitive 62% Cognitive
functioning ” N functioning functioning
R2=.25 ,/ R2=.50 R?=.50

*
e 16" 15
/
/
4
4
s 10%* 107
/l/
Computer use Y 80** Computer use g8 Computer use

behavior behavior behavior
R2=.32 R2=.70 R?=.68

Fig. 1. Autoregressive cross-lagged panel model tested in Study 1. Note. All path coefficients and significance levels are standardized. The dotted lines indicate
nonsignificant paths. R? represents the proportion of explained variance. *p < .05. **p < .01. ***p < .001.
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significantly from the unconstrained model, Ay? (14) = 18.69,p = .177,
indicating comparable cross-lagged associations across age groups.

2.3. Discussion

Study 1 suggests that individuals’ beliefs about their aging experi-
ence influence their behavior toward technology in late adulthood. As
predicted, self-perceptions of aging were associated with computer use
behavior over eight years, with more positive self-perceptions being
related to higher levels of use behavior. Moreover, cognitive functioning
partially mediated this relationship, such that positive self-perceptions
were associated with better cognition, which was then related to
greater computer use.

Nonetheless, some limitations should be noted. Firstly, despite con-
trolling for employment status, we were unable to fully account for
potential confounding effects of computer use in the workplace due to
the general measure of use frequency. Secondly, we focused solely on
episodic memory as an indicator of cognitive functioning, which limits
the generalizability of these results to other domains of cognition. Study
2 aimed to address these limitations, while also extending the findings of
Study 1.

3. Study 2

Based on the German Ageing Survey, our second study further
explored the relationships between self-perceptions of aging, cognitive
functioning, and computer use behavior over three years among in-
dividuals aged 40 or older from Germany. To avoid potential con-
founding effects of computer use for work activities, we focused on use
behavior during individuals’ free time. Moreover, we focused on pro-
cessing speed, an important contributor to age differences in cognitive
functioning (Salthouse, 1996). Self-perceptions of aging have been
found to be reciprocally related to processing speed over time (Seidler &
Wolff, 2017). Although processing speed is an important predictor of
computer-based task performance (Czaja et al., 2001; Czaja & Sharit,
1998a; Sharit et al., 2015), longitudinal evidence for an association
between processing speed and computer use is lacking (Slegers et al.,
2012). Overall, we expected the relationship between self-perceptions of
aging and computer use behavior to be mediated by cognitive func-
tioning as indicated by processing speed.

3.1. Method

3.1.1. Participants

The German Ageing Survey (DEAS, Klaus et al., 2017) is a nationally
representative cohort-sequential survey of the German population aged
40 years or over. The DEAS is funded by the German Federal Ministry for
Family Affairs, Senior Citizens, Women and Youth (BMFSFJ; grant
number 301-6083-05/003*2) and is organized by the German Centre of
Gerontology (DZA). Data collection consists of a computer-assisted
personal interview and a “drop-off” self-completed questionnaire. The
present study is based on all respondents aged 40 years or older who
completed the personal interview and the drop-off questionnaire in
2014 and 2017 (Time 1 [T1] and Time 2 [T2], respectively; n = 4871),
the most recent waves that included the same measures of
self-perceptions of aging, cognitive functioning, and computer use
behavior.

3.1.2. Measures

Self-perceptions of Aging. As in Study 1, five items from the Atti-
tude Toward Own Aging subscale of the Philadelphia Geriatric Center
Morale Scale (Lawton, 1975) assessed self-perceptions of aging.
Response options ranged from 1 (strongly agree) to 4 (strongly disagree).
Positively phrased items were reverse coded so that higher scores re-
flected more positive self-perceptions of aging (Cronbach’s alpha: at; =
0.72, aTg = 0.75).
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Cognitive Functioning. Processing speed was chosen as an indica-
tor of cognitive functioning and assessed with the Digit Symbol Substi-
tution Test (Wechsler, 1955). The test sheet included a key pairing
symbols with digits 1 to 9 and a list of those same digits randomly
repeated 100 times with blank spaces underneath. Participants were
asked to copy the corresponding symbol under each digit. After
completing seven examples as practice, participants filled as many
blanks as possible within 90 seconds. Processing speed was coded as the
total number of correct responses, ranging from 0 to 93, with higher
values indicating better cognitive functioning.

Computer Use Behavior. A single item assessed computer use:
“How often do you work with computers in your spare time, i.e., use of
internet, e-mails, or playing computer games?”. Response options
ranged from 1 (daily) to 6 (never) and were reverse coded so that higher
scores indicated more frequent computer use.

Covariates. Age (in years), education, gender (1 = female), marital
status (1 = married), employment status (1 = working), region (1 = East
Germany), income, subjective health, physical conditions, depressive
symptoms, and loneliness assessed at baseline were included as cova-
riates. Education was based on the International Standard Classification
of Education (ISCED; United Nations Educational, Scientific and Cul-
tural Organization [UNESCO], 1997) with three levels: low (ISCED 0-2),
medium (ISCED 3-4), and high (ISCED 5-6). Region was reported as
East or West Germany. Income was based on the monthly household
income, which was log transformed to correct skewness. Subjective
health (“How would you rate your present state of health?””) was rated
from 1 (very good) to 5 (very bad). Physical conditions were scored as the
sum of 11 illnesses. Depressive symptoms were scored as the sum of 15
items from the German version of the Center for Epidemiologic Studies
Depression Scale (CES-D; Hautzinger & Bailer, 1993; Radloff, 1977; a =
0.85). Loneliness was scored as the mean of six items from the Loneliness
Scale by Gierveld and Tilburg (2006; a = 0.83). Responses were reverse
coded as appropriate so that higher values indicated greater levels of the
corresponding construct.

3.1.3. Analysis

A two-wave autoregressive cross-lagged panel design was used to test
longitudinal mediation (Cole & Maxwell, 2003; Little et al., 2007). We
followed the same analytical approach as in Study 1, with some excep-
tions. Only self-perceptions of aging were modeled as latent factors.
Cognitive functioning, computer use behavior, and all covariates were
modeled as observed variables. Given the two-wave design, stationarity
was assumed true as observed in Study 1 (Little et al., 2007). Following
the procedure recommended by Cole and Maxwell (2003), the indirect
association of self-perceptions of aging on computer use behavior
through cognitive functioning was estimated based on the product of
path a (i.e., the regression of cognitive functioning at T2 on
self-perceptions of aging at T1) and path b (i.e., the regression of com-
puter use behavior at T2 on cognitive functioning at T1). An analogous
procedure was used to estimate the indirect association of computer use
behavior on self-perceptions of aging through cognitive functioning.

3.2. Results

3.2.1. Descriptive analysis

Table 1 presents the sample characteristics at baseline. Age ranged
from 40 to 94 years (M = 63.92). Education averaged between medium
and high (M = 2.41), with slightly under half of participants having high
education (45.68%). About half were women (50.79%) and the majority
was married (73.17%). Close to one third were employed (37.20%). A
similar proportion lived in East Germany (32.99%). Subjective health
averaged between average and good (M = 3.58). Physical conditions (M
= 2.50), depressive symptoms (M = 6.25), and loneliness (M = 1.76)
were low.

Correlations between the main variables across the two waves are
shown in Table 3. Similarly to Study 1, self-perceptions of aging were
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Table 3
Means, standard deviations, and correlations between the main variables across the two waves in Study 2.
Variables M SD Range 1 2 3 4 5
1. Self-perceptions of aging 2014 3.01 0.53 1-4 -
2. Self-perceptions of aging 2017 2.96 0.54 1-4 -
3. Cognitive functioning 2014 46.26 13.02 1-92 20%%* -
4. Cognitive functioning 2017 45.57 13.70 0-91 22k -
5. Computer use behavior 2014 4.04 2.12 1-6 .18 -
6. Computer use behavior 2017 4.18 2.13 1-6 19FE* 34 .36%** 82%**

*p < .05, **p < .01. ***p < .001.

moderately positive, cognitive functioning was at the midpoint, and
computer use was moderately frequent. Self-perceptions were signifi-
cantly and positively related to use behavior across waves. Cognitive
functioning was significantly and positively associated with both, but
more strongly with computer use.

3.2.2. Longitudinal analysis

Firstly, we tested the measurement model. As suggested by the
modification indices, the residuals of items 1 and 3 within the self-
perceptions of aging latent factors were allowed to correlate at each
time point. Strong longitudinal invariance was demonstrated (see Sup-
plementary Table 2). The measurement model had good fit to the data:
x? (35) = 499.09, CFI = 0.966, TLI = 0.956, RMSEA = 0.052 (90% CI
[0.048, 0.056]), SRMR = 0.036. Secondly, we tested the structural
model, which had adequate fit to the data: X2 (189) = 2204.23, CFI =
0.931, TLI = 0.911, RMSEA = 0.047 (90% CI [0.045, 0.049]), SRMR =
0.036. Fig. 2 presents the autoregressive cross-lagged panel model with
standardized path coefficients (). The unstandardized path coefficients
(b) are reported below.

The autoregressive associations of self-perceptions of aging (b =
0.82, p < .001), cognitive functioning (b = 0.73, p < .001), and com-
puter use behavior (b = 0.79, p < .001) were all significant, substantial,
and positive. Supporting Hypothesis 1, the direct association from self-
perceptions of aging at T1 to computer use behavior at T2 was signifi-
cant and positive (b = 0.11, p = .039). Also supporting Hypothesis 2, the
indirect association from self-perceptions of aging at T1 to computer use
behavior at T2 was significant and positive (b = 0.029, p < .001, 95% CI
[0.016, 0.042]). The cross-lagged associations from self-perceptions at
T1 to cognitive functioning at T2 (b = 2.04, p < .001) and from cognitive

functioning at T1 to use behavior at T2 (b = 0.01, p < .001) were both
significant and positive, in line with Hypotheses 2a and 2b, respectively.
Lastly, the total association from self-perceptions of aging at T1 to
computer use behavior at T2 was also significant and positive (b = 0.14,
p = .010). Overall, these results show that cognitive functioning
partially mediates the relationship between self-perceptions of aging
and computer use behavior over three years.

In turn, although the direct and total associations from computer use
behavior at T1 to self-perceptions of aging at T2 were both significant
and positive, the indirect association via cognitive functioning was
nonsignificant (direct: b = 0.01, p = .042; indirect: b = 0.000, p = .405,
95% CI [0.000, 0.001]; total: b = 0.01, p = .033). These associations
were significantly different and weaker than those from self-perceptions
at T1 to use behavior at T2 (direct: AXZ (1) = 4.40, p = .036; indirect:
Ay? (1) = 90.69, p < .001; total: Ay? (1) = 7.08, p = .008). The cross-
lagged association from use behavior at T1 to cognitive functioning at
T2 was significant and positive (b = 0.55, p < .001), as well as signifi-
cantly different and stronger than its reverse association (Ay? (1) =
50.49, p < .001). The cross-lagged association from cognitive func-
tioning at T1 to self-perceptions at T2 was nonsignificant (b < 0.01,p =
.397), besides being significantly different and weaker than its reverse
association (sz (1) = 25.52, p < .001). These results provide some
evidence of reciprocal relationships between constructs.

3.2.3. Multigroup analysis

Finally, we tested whether the relationships between self-perceptions
of aging, cognitive functioning, and computer use behavior differed
between middle-aged adults (40-64 years, Mage = 55.38, SDage = 6.21, 1
= 2510) and older adults (65-94 years, Mage = 73.01, SDage = 5.47,n =
2361). Partial strong multigroup invariance was demonstrated (see

TIME 1 TIME 2 Supplementary Table 2). The constrained and unconstrained models did
2014 2017 not differ significantly, sz (6) = 8.49, p = .205, suggesting no age
differences in the cross-lagged associations.
Self-perceptions g8 Self-perceptions . .
of aging - of aging 3.3. Discussion
R?=.55 L’ R = .62
‘01/” Study 2 provides further support for the relationship between self-
0 //' perceptions of aging and computer use behavior, as well as the role of
e cognitive functioning. Consistently with Study 1, positive self-
X 07 perceptions were associated with greater use behavior over three
Cogniive /'/70”‘ Cognitive years and this relationship was partially mediated by cognitive func-
functioning S functioning tioning. Besides addressing its shortcomings, Study 2 reinforced the
R?=.30 R?=.55 findings of Study 1 by extending them to another country sample,
y 08" cognitive domain, and use measure.
03* 4. General discussion
Compniaiks g 09 Coiaiits The present research examined self-perceptions of aging as potential
behavior behavior determinants of information and communication technology use in late
R?=.26 R =.68 adulthood. Across two longitudinal studies, more positive perceptions

Fig. 2. Autoregressive cross-lagged panel model tested in Study 2. Note. All
path coefficients and significance levels are standardized. The dotted lines
indicate nonsignificant paths. R? represents the proportion of explained vari-
ance. *p < .05. **p < .01. ***p < .001.

about individuals’ aging experience were associated with more frequent
computer use over time. This relationship was partially mediated by
cognitive functioning, such that more positive self-perceptions of aging
were associated with better cognitive performance, which was then
associated with higher levels of computer use behavior. Confirming the
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robustness of these findings, this was replicated across different di-
mensions of cognitive functioning, different measures of computer use,
and two samples from different countries, namely American individuals
aged 50 or older over eight years and German individuals aged 40 or
older over three years. Although past research exploring this relation-
ship revealed mixed findings (Cody et al., 1999; Yoon et al., 2016), both
studies confirmed longitudinally the positive association between
self-perceptions of aging and computer use behavior, while also iden-
tifying cognitive functioning as an underlying mechanism.

These findings emphasize the importance of considering societal
factors to better understand how older individuals relate to information
and communication technology (Lagacé et al., 2015; Mariano et al.,
2021; Mariano, Marques, Ramos, Gerardo, & de Vries, 2020). The
internalization of stereotypical beliefs about age and aging into
self-perceptions of aging (Levy, 2009) may positively or negatively
impact relevant predictors of use behavior, thus facilitating or
compromising technology use. Although the present research focused on
cognitive functioning, technology-related self-efficacy may also play a
mediating role. Following from the stereotype embodiment theory
(Levy, 2009), stereotypes about older age groups as less technologically
competent may be internalized, leading older individuals to perceive
their own ability to use technology more negatively and consequently
avoid using technology. This is consistent with studies showing that
older age groups tend to report lower technology self-efficacy (Czaja
et al., 2006; Czaja & Sharit, 1998b; Lee et al., 2019). In fact, existing
evidence suggests that cognitive performance and self-efficacy are
interrelated determinants of use behavior. Czaja et al. (2006) found that
fluid cognition and computer self-efficacy mediated the relationship
between age and technology use. Specifically, those with better cogni-
tive performance were more likely to have positive beliefs about their
computer ability, indicating that older individuals also base their
self-efficacy beliefs on their level of cognitive functioning. This suggests
that self-perceptions of aging may indirectly influence technology use
through multiple interrelated pathways and that interventions targeting
perceptions about own aging may simultaneously address different de-
terminants of use behavior. Promoting positive perceptions about age
and aging has been shown to reliably improve health-related behaviors
and outcomes, namely physical activity and functioning (Brothers &
Diehl, 2017; Levy, Pilver, Chung, & Slade, 2014; Wolff, Warner, Zie-
gelmann, & Wurm, 2014). Future research should examine whether
similar interventions would be equally effective in promoting cognitive
functioning and technology use among older age groups.

Despite some inconsistencies between studies, reciprocal relation-
ships were observed between self-perceptions of aging and computer use
behavior, indicating that these factors may influence each other mutu-
ally over time. More frequent use behavior was directly associated with
more positive self-perceptions over three years, but not over eight years.
Moreover, greater use behavior was indirectly associated with positive
self-perceptions via episodic memory, but not through processing speed.
These findings suggest that, to some extent, computer technology may
also influence how older individuals perceive their aging experience by
contributing to their health and well-being. Nonetheless, the strength of
the associations observed in both studies indicates that self-perceptions
of aging are primarily an antecedent rather than an outcome of use
behavior. Furthermore, Cody et al. (1999) found no support for the
impact of technology use on self-perceptions of aging, as older adults’
perceptions about their own aging did not significantly change after
participating in an internet training program over four months. Given
these inconclusive findings, future research should further explore the
potential of information and communication technology to improve
self-perceptions of aging.

Our studies also contribute to research exploring the relationship
between cognition and information and communication technology by
corroborating the consistent finding that better cognitive performance is
associated with higher use behavior in late adulthood (Czaja et al., 2006;
Mitzner et al., 2019; Tun & Lachman, 2010). Although past research has
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considered cognitive functioning either as an antecedent or an outcome
of technology use in isolation, recent studies began to explore their
reciprocal relationships over time. Kamin and Lang (2018) found evi-
dence of bidirectional associations between global cognition and
internet use over two years among individuals aged 50 or older across 14
European countries. Yu and Fiebig (2020) observed similar reciprocal
patterns over four years among Chinese individuals aged 45 or older.
Hartanto et al. (2020) also found reciprocal associations between com-
puter use and executive function over nine years among Americans aged
30 or older. Adding to this research, our findings indicate that computer
use is reciprocally associated with episodic memory over eight years and
processing speed over three years in American and German samples of
individuals aged 50 and 40 years or older, respectively. Furthermore,
our studies contribute to research on the relationship between
self-perceptions of aging and cognitive functioning. Although existing
evidence on the longitudinal association from age stereotypes and
self-perception of aging to memory performance has been somewhat
inconsistent (Levy et al., 2011; Robertson et al., 2016), we found a
reciprocal relationship over eight years. Consistently with Seidler and
Wolff (2017), self-perceptions of aging were also associated with pro-
cessing speed over three years, although not reciprocally. Overall, our
findings suggest that self-perceptions of aging mainly determine, rather
than reflect, cognitive functioning in late adulthood.

Future studies should examine the interplay between self-
perceptions of aging, cognitive functioning, and technology use
behavior in greater detail. For instance, age stereotypes and self-
perceptions of aging are multidimensional constructs (Kornadt &
Rothermund, 2012; Steverink, Westerhof, Bode, & Dittmann-Kohli,
2001) and their impact is stronger when the dimensions match the
outcome domains (Levy & Leifheit-Limson, 2009). This suggests that
specific dimensions that are more closely related to the technological
domain, such as individuals’ perceptions about cognitive decline as they
age, may be particularly influential with regards to their use behavior.
Concerning cognitive functioning, existing evidence suggests that
self-perceptions of aging influence fluid but not crystallized abilities
(Siebert et al., 2018). Although both fluid and crystalized cognition are
important correlates of technology wuse (Czaja et al., 2006),
self-perceptions of aging may only influence use behavior to the extent
that they positively or negatively impact fluid functioning. Because our
studies focused on episodic memory and processing speed, two com-
ponents of fluid functioning, future research should explore the role of
crystallized cognition on the relationship between self-perceptions of
aging and use behavior. Future studies should also investigate the
generalizability of our findings to different technological devices and
activities. By identifying cognitive functioning as a mediating mecha-
nism, our studies suggest that self-perceptions of aging may be partic-
ularly beneficial or detrimental in relation to more cognitively
demanding devices or activities. Future research should examine this
possibility by considering other information and communication tech-
nologies and relying on more detailed measures of use behavior that
specify which activities are performed with a given device. Lastly, the
mutual influence between computer use behavior and cognitive per-
formance raises the interesting hypothesis that self-perceptions of aging
may indirectly determine cognition through technology use. Indeed, the
stereotype embodiment theory (Levy, 2009) asserts that the internali-
zation of age stereotypes into self-perceptions of aging impacts func-
tioning and health through behavioral pathways. Future studies should
explore this possibility while also using more comprehensive indicators
of technology use and functional health.

The existing digital divide between generations underscores the need
to promote the adoption of technological tools among the older popu-
lation by addressing the factors that contribute to these inequalities.
Stereotypical perceptions about age and aging can be one such factor.
Often shaped by societal views of the aging process and older people,
negative perceptions about their own aging may deter individuals from
engaging with information and communication technology in late
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adulthood. Support for the longitudinal relationship between self-
perceptions of aging and computer use behavior was found among
American and German middle-aged and older adults. The mediating role
of cognitive functioning further suggests that self-perceptions of aging
exert their influence through major determinants of use behavior.
Future studies should investigate self-efficacy as another potential
mediator. Thus, self-perceptions of aging emerge as an important
modifiable factor to consider when promoting technology use among
older age groups.

Credit author statement

Joao Mariano: Conceptualization, Methodology, Formal analysis,
Data curation, Writing — original draft; Sibila Marques: Conceptualiza-
tion, Writing — review & editing; Miguel R. Ramos: Validation, Writing —
review & editing; Hein de Vries: Conceptualization, Writing — review &
editing.

Funding

This work was supported by national funds through FCT - Fundacao
para a Ciéncia e a Tecnologia, I.P. (Portugal), under the project PD/BD/
128322/2017.

Declaration of competing interest
None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.chb.2021.106807.

References

Brothers, A., & Diehl, M. (2017). Feasibility and efficacy of the Aging™® program:
Changing views on aging to increase physical activity. Journal of Aging and Physical
Activity, 25(3), 402-411. https://doi.org/10.1123/japa.2016-0039

Browne, M. W., & Cudeck, R. (1993). Alternative ways of assessing model fit. In
K. A. Bollen, & J. S. Long (Eds.), Testing structural equation models (pp. 136-162).
Newbury Park, CA: Sage.

Chang, E. S., Kannoth, S., Levy, S., Wang, S.-Y., Lee, J. E., & Levy, B. R. (2020). Global
reach of ageism on older persons’ health: A systematic review. PloS One, 15(1),
Article e0220857. https://doi.org/10.1371/journal.pone.0220857

Cheung, G. W., & Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for testing
measurement invariance. Structural Equation Modeling, 9(2), 233-255. https://doi.
org/10.1207/515328007SEM0902_5

Chopik, W. J. (2016). The benefits of social technology use among older adults are
mediated by reduced loneliness. Cyberpsychology, Behavior, and Social Networking, 19
(9), 551-556. https://doi.org/10.1089/cyber.2016.0151

Cody, M. J., Dunn, D., Hoppin, S., & Wendt, P. (1999). Silver surfers: Training and
evaluating internet use among older adult learners. Communication Education, 48(4),
269-286. https://doi.org/10.1080/03634529909379178

Cole, D. A., & Maxwell, S. E. (2003). Testing mediational models with longitudinal data:
Questions and tips in the use of structural equation modeling. Journal of Abnormal
Psychology, 112(4), 558-577. https://doi.org/10.1037/0021-843X.112.4.558

Czaja, S. J., Charness, N., Fisk, A. D., Hertzog, C., Nair, S. N., Rogers, W. A., & Sharit, J.
(2006). Factors predicting the use of technology: Findings from the Center for
Research and Education on Aging and Technology Enhancement (CREATE).
Psychology and Aging, 21(2), 333-352. https://doi.org/10.1037/0882-7974.21.2.333

Czaja, S. J., & Sharit, J. (1998a). Ability—performance relationships as a function of age
and task experience for a data entry task. Journal of Experimental Psychology: Applied,
4(4), 332-351. https://doi.org/10.1037/1076-898X.4.4.332

Czaja, S. J., & Sharit, J. (1998b). Age differences in attitudes toward computers. The
Journals of Gerontology: Series B, 53B(5), P329-P340. https://doi.org/10.1093/
geronb/53B.5.P329

Czaja, S. J., Sharit, J., Ownby, R., Roth, D. L., & Nair, S. (2001). Examining age
differences in performance of a complex information search and retrieval task.
Psychology and Aging, 16(4), 564-579. https://doi.org/10.1037/0882-7974.16.4.564

Gierveld, J. D. J., & Tilburg, T. V. (2006). A 6-item scale for overall, emotional, and social
loneliness: Confirmatory tests on survey data. Research on Aging, 28(5), 582-598.
https://doi.org/10.1177/0164027506289723

Hartanto, A., Yong, J. C., Toh, W. X., Lee, S. T. H., Tng, G. Y. Q., & Tov, W. (2020).
Cognitive, social, emotional, and subjective health benefits of computer use in
adults: A 9-year longitudinal study from the midlife in the United States (MIDUS).

Computers in Human Behavior 121 (2021) 106807

Computers in Human Behavior, 104, Article 106179. https://doi.org/10.1016/j.
chb.2019.106179

Hauk, N., Hiiffmeier, J., & Krumm, S. (2018). Ready to be a silver surfer? A meta-analysis
on the relationship between chronological age and technology acceptance.
Computers in Human Behavior, 84, 304-319. https://doi.org/10.1016/j.
chb.2018.01.020

Hautzinger, M., & Bailer, M. (1993). Allgemeine Depressions-Skala (ADS). Weinheim,
Germany: Beltz.

Heo, J., Chun, S., Lee, S., Lee, K. H., & Kim, J. (2015). Internet use and well-being in
older adults. Cyberpsychology, Behavior, and Social Networking, 18(5), 268-272.
https://doi.org/10.1089/cyber.2014.0549

Hertzog, C., Kramer, A. F., Wilson, R. S., & Lindenberger, U. (2008). Enrichment effects
on adult cognitive development: Can the functional capacity of older adults be
preserved and enhanced? Psychological Science in the Public Interest, 9(1), 1-65.
https://doi.org/10.1111/j.1539-6053.2009.01034.x

Hu, L.-T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Structural Equation Modeling,
6(1), 1-55. https://doi.org/10.1080/10705519909540118

Hughes, M. E., Waite, L. J., Hawkley, L. C., & Cacioppo, J. T. (2004). A short scale for
measuring loneliness in large surveys: Results from two population-based studies.
Research on Aging, 26(6), 655-672. https://doi.org/10.1177/0164027504268574

Hummert, M. L., Garstka, T. A., Shaner, J. L., & Strahm, S. (1994). Stereotypes of the
elderly held by young, middle-aged, and elderly adults. Journal of Gerontology, 49(5),
P240-P249. https://doi.org/10.1093/geronj/49.5.P240

Hunsaker, A., & Hargittai, E. (2018). A review of Internet use among older adults. New
Media & Society, 20(10), 3937-3954. https://doi.org/10.1177/1461444818787348

Kamin, S. T., & Lang, F. R. (2018). Internet use and cognitive functioning in late
adulthood: Longitudinal findings from the Survey of Health, Ageing and Retirement
in Europe (SHARE). The Journals of Gerontology: Series B, 75(3), 534-539. https://
doi.org/10.1093/geronb/gby123

Klaus, D., Engstler, H., Mahne, K., Wolff, J. K., Simonson, J., Wurm, S., & Tesch-
Romer, C. (2017). Cohort profile: The German Ageing Survey (DEAS). International
Journal of Epidemiology, 46(4), 1105. https://doi.org/10.1093/ije/dyw326, 1105g.

Konig, R., Seifert, A., & Doh, M. (2018). Internet use among older Europeans: An analysis
based on SHARE data. Universal Access in the Information Society, 17(3), 621-633.
https://doi.org/10.1007/5s10209-018-0609-5

Kornadt, A. E., & Rothermund, K. (2012). Internalization of age stereotypes into the self-
concept via future self-views: A general model and domain-specific differences.
Psychology and Aging, 27(1), 164-172. https://doi.org/10.1037/a0025110

Kornadt, A. E., Voss, P., & Rothermund, K. (2017). Age stereotypes and self-views
revisited: Patterns of internalization and projection processes across the life span.
The Journals of Gerontology: Series B, 72(4), 582-592. https://doi.org/10.1093/
geronb/gbv099

Lagacé, M., Charmarkeh, H., Laplante, J., & Tanguay, A. (2015). How ageism contributes
to the second-level digital divide: The case of Canadian seniors. Journal of
Technologies and Human Usability, 11(4), 1-13. https://doi.org/10.18848/2381-
9227/CGP/v11i04/56439

Lawton, M. P. (1975). The Philadelphia Geriatric Center Morale Scale: A revision. Journal
of Gerontology, 30(1), 85-89. https://doi.org/10.1093/geronj/30.1.85

Lee, C. C., Czaja, S. J., Moxley, J. H., Sharit, J., Boot, W. R., Charness, N., & Rogers, W. A.
(2019). Attitudes toward computers across adulthood from 1994 to 2013. The
Gerontologist, 59(1), 22-33. https://doi.org/10.1093/geront/gny081

Levy, B. R. (1996). Improving memory in old age through implicit self-stereotyping.
Journal of Personality and Social Psychology, 71(6), 1092-1107. https://doi.org/
10.1037/0022-3514.71.6.1092

Levy, B. R. (2009). Stereotype embodiment: A psychosocial approach to aging. Current
Directions in Psychological Science, 18(6), 332-336. https://doi.org/10.1111/j.1467-
8721.2009.01662.x

Levy, B. R., & Leifheit-Limson, E. (2009). The stereotype-matching effect: Greater
influence on functioning when age stereotypes correspond to outcomes. Psychology
and Aging, 24(1), 230-233. https://doi.org/10.1037/a0014563

Levy, B. R,, Pilver, C., Chung, P. H., & Slade, M. D. (2014). Subliminal strengthening:
Improving older individuals’ physical function over time with an implicit-age-
stereotype intervention. Psychological Science, 25(12), 2127-2135. https://doi.org/
10.1177/0956797614551970

Levy, B. R., Zonderman, A. B., Slade, M. D., & Ferrucci, L. (2011). Memory shaped by age
stereotypes over time. The Journals of Gerontology: Series B, 67(4), 432-436. https://
doi.org/10.1093/geronb/gbr120

Little, T. D., Preacher, K. J., Selig, J. P., & Card, N. A. (2007). New developments in latent
variable panel analyses of longitudinal data. International Journal of Behavioral
Development, 31(4), 357-365. https://doi.org/10.1177/0165025407077757

Mariano, J., Marques, S., Ramos, M. R., Gerardo, F., Cunha, C. L., Girenko, A., ... de
Vries, H. (2021). Too old for technology? Stereotype threat and technology use by
older adults. Behaviour & Information Technology. https://doi.org/10.1080/
0144929X.2021.1882577

Mariano, J., Marques, S., Ramos, M. R., Gerardo, F., & de Vries, H. (2020). Too old for
computers? The longitudinal relationship between stereotype threat and computer
use by older adults. Frontiers in Psychology, 11, Article 568972. https://doi.org/
10.3389/fpsyg.2020.568972

Marques, S., Mariano, J., Mendonga, J., De Tavernier, W., Hess, M., Naegele, L., ...
Martins, D. (2020). Determinants of ageism against older adults: A systematic
review. International Journal of Environmental Research and Public Health, 17(7),
Article 2560. https://doi.org/10.3390/ijerph17072560

McArdle, J. J., Fisher, G. G., & Kadlec, K. M. (2007). Latent variable analyses of age
trends of cognition in the Health and Retirement Study, 1992-2004. Psychology and
Aging, 22(3), 525-545. https://doi.org/10.1037/0882-7974.22.3.525


https://doi.org/10.1016/j.chb.2021.106807
https://doi.org/10.1016/j.chb.2021.106807
https://doi.org/10.1123/japa.2016-0039
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref2
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref2
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref2
https://doi.org/10.1371/journal.pone.0220857
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1089/cyber.2016.0151
https://doi.org/10.1080/03634529909379178
https://doi.org/10.1037/0021-843X.112.4.558
https://doi.org/10.1037/0882-7974.21.2.333
https://doi.org/10.1037/1076-898X.4.4.332
https://doi.org/10.1093/geronb/53B.5.P329
https://doi.org/10.1093/geronb/53B.5.P329
https://doi.org/10.1037/0882-7974.16.4.564
https://doi.org/10.1177/0164027506289723
https://doi.org/10.1016/j.chb.2019.106179
https://doi.org/10.1016/j.chb.2019.106179
https://doi.org/10.1016/j.chb.2018.01.020
https://doi.org/10.1016/j.chb.2018.01.020
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref15
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref15
https://doi.org/10.1089/cyber.2014.0549
https://doi.org/10.1111/j.1539-6053.2009.01034.x
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1177/0164027504268574
https://doi.org/10.1093/geronj/49.5.P240
https://doi.org/10.1177/1461444818787348
https://doi.org/10.1093/geronb/gby123
https://doi.org/10.1093/geronb/gby123
https://doi.org/10.1093/ije/dyw326
https://doi.org/10.1007/s10209-018-0609-5
https://doi.org/10.1037/a0025110
https://doi.org/10.1093/geronb/gbv099
https://doi.org/10.1093/geronb/gbv099
https://doi.org/10.18848/2381-9227/CGP/v11i04/56439
https://doi.org/10.18848/2381-9227/CGP/v11i04/56439
https://doi.org/10.1093/geronj/30.1.85
https://doi.org/10.1093/geront/gny081
https://doi.org/10.1037/0022-3514.71.6.1092
https://doi.org/10.1037/0022-3514.71.6.1092
https://doi.org/10.1111/j.1467-8721.2009.01662.x
https://doi.org/10.1111/j.1467-8721.2009.01662.x
https://doi.org/10.1037/a0014563
https://doi.org/10.1177/0956797614551970
https://doi.org/10.1177/0956797614551970
https://doi.org/10.1093/geronb/gbr120
https://doi.org/10.1093/geronb/gbr120
https://doi.org/10.1177/0165025407077757
https://doi.org/10.1080/0144929X.2021.1882577
https://doi.org/10.1080/0144929X.2021.1882577
https://doi.org/10.3389/fpsyg.2020.568972
https://doi.org/10.3389/fpsyg.2020.568972
https://doi.org/10.3390/ijerph17072560
https://doi.org/10.1037/0882-7974.22.3.525

J. Mariano et al.

McGregor, J., & Gray, L. (2002). Stereotypes and older workers: The New Zealand
experience. Social Policy Journal of New Zealand, (18), 163-177.

Meisner, B. A. (2011). A meta-analysis of positive and negative age stereotype priming
effects on behavior among older adults. The Journals of Gerontology: Series B, 67B(1),
13-17. https://doi.org/10.1093/geronb/gbr062

Mitzner, T. L., Savla, J., Boot, W. R., Sharit, J., Charness, N., Czaja, S. J., & Rogers, W. A.
(2019). Technology adoption by older adults: Findings from the PRISM trial. The
Gerontologist, 59(1), 34-44. https://doi.org/10.1093/geront/gny113

Muthén, L. K., & Muthén, B. O. (1998-2017). Mplus: Statistical analysis with latent
variables. Los Angeles, CA: Author.

Organisation for Economic Cooperation and Development. (2019). Measuring the digital
transformation: A roadmap for the future. Paris, France: OECD Publishing.

Radloff, L. S. (1977). The CES-D scale: A self-report depression scale for research in the
general population. Applied Psychological Measurement, 1(3), 385-401. https://doi.
org/10.1177/014662167700100306

Robertson, D. A., King-Kallimanis, B. L., & Kenny, R. A. (2016). Negative perceptions of
aging predict longitudinal decline in cognitive function. Psychology and Aging, 31(1),
71-81. https://doi.org/10.1037/pag0000061

Ryan, E. B. (1992). Beliefs about memory changes across the adult life span. Journal of
Gerontology, 47(1), P41-P46. https://doi.org/10.1093/geronj/47.1.P41

Ryan, C. (2018). Computer and internet use in the United States: 2016. Retrieved from htt
p://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-39.
pdf.

Ryan, E. B., Szechtman, B., & Bodkin, J. (1992). Attitudes toward younger and older
adults learning to use computers. Journal of Gerontology, 47(2), P96-P101. https://
doi.org/10.1093/geronj/47.2.P96

Salthouse, T. A. (1996). The processing-speed theory of adult age differences in
cognition. Psychological Review, 103(3), 403-428. https://doi.org/10.1037/0033-
295X.103.3.403

Seidler, A. L., & Wolff, J. K. (2017). Bidirectional associations between self-perceptions of
aging and processing speed across 3 years. GeroPsych, 30(2), 49-59. https://doi.org/
10.1024/1662-9647/a000165

Sharit, J., Taha, J., Berkowsky, R. W., Profita, H., & Czaja, S. J. (2015). Online
information search performance and search strategies in a health problem-solving
scenario. Journal of Cognitive Engineering and Decision Making, 9(3), 211-228. https://
doi.org/10.1177/1555343415583747

Siebert, J. S., Wahl, H.-W., & Schroder, J. (2018). The role of attitude toward own aging
for fluid and crystallized functioning: 12-year evidence from the ILSE study. The
Journals of Gerontology: Series B, 73(5), 836-845. https://doi.org/10.1093/geronb/
gbw050

Slegers, K., van Boxtel, M. P. J., & Jolles, J. (2012). Computer use in older adults:
Determinants and the relationship with cognitive change over a 6 year episode.

Computers in Human Behavior 121 (2021) 106807

Computers in Human Behavior, 28(1), 1-10. https://doi.org/10.1016/].
chb.2011.08.003

Sonnega, A., Faul, J. D., Ofstedal, M. B., Langa, K. M., Phillips, J. W. R., & Weir, D. R.
(2014). Cohort profile: The Health and Retirement Study (HRS). International Journal
of Epidemiology, 43(2), 576-585. https://doi.org/10.1093/ije/dyu067

Steverink, N., Westerhof, G. J., Bode, C., & Dittmann-Kohli, F. (2001). The personal
experience of aging, individual resources, and subjective well-being. The Journals of
Gerontology: Series B, 56(6), P364-P373. https://doi.org/10.1093/geronb/56.6.P364

Swift, H. J., Abrams, D., & Marques, S. (2013). Threat or boost? Social comparison affects
older people’s performance differently depending on task domain. The Journals of
Gerontology: Series B, 68(1), 23-30. https://doi.org/10.1093/geronb/gbs044

Tsai, H. S., Shillair, R., Cotten, S. R., Winstead, V., & Yost, E. (2015). Getting grandma
online: Are tablets the answer for increasing digital inclusion for older adults in the
U.S.? Educational Gerontology, 41(10), 695-709. https://doi.org/10.1080/
03601277.2015.1048165

Tun, P. A., & Lachman, M. E. (2010). The association between computer use and
cognition across adulthood: Use it so you won’t lose it? Psychology and Aging, 25(3),
560-568. https://doi.org/10.1037/a0019543

United Nations Educational, Scientific and Cultural Organization. (1997). International
Standard Classification of Education: ISCED 1997. Paris, France: UNESCO.

Van Dalen, H. P., Henkens, K., & Schippers, J. (2009). Dealing with older workers in
europe: A comparative survey of employers’ attitudes and actions. Journal of
European Social Policy, 19(1), 47-60. https://doi.org/10.1177/0958928708098523

Wagner, N., Hassanein, K., & Head, M. (2010). Computer use by older adults: A multi-
disciplinary review. Computers in Human Behavior, 26(5), 870-882. https://doi.org/
10.1016/j.chb.2010.03.029

Wechsler, D. (1955). Manual for the Wechsler Adult Intelligence Scale. Oxford, UK:
Psychological Corporation.

Westerhof, G. J., Miche, M., Brothers, A. F., Barrett, A. E., Diehl, M., Montepare, J. M., ...
Wurm, S. (2014). The influence of subjective aging on health and longevity: A meta-
analysis of longitudinal data. Psychology and Aging, 29(4), 793-802. https://doi.org/
10.1037/a0038016

Wolff, J. K., Warner, L. M., Ziegelmann, J. P., & Wurm, S. (2014). What do targeting
positive views on ageing add to a physical activity intervention in older adults?
Results from a randomised controlled trial. Psychology and Health, 29(8), 915-932.
https://doi.org/10.1080/08870446.2014.896464

Yoon, H., Jang, Y., & Xie, B. (2016). Computer use and computer anxiety in older Korean
Americans. Journal of Applied Gerontology, 35(9), 1000-1010. https://doi.org/
10.1177/0733464815570665

Yu, D., & Fiebig, D. G. (2020). Internet use and cognition among middle-aged and older
adults in China: A cross-lagged panel analysis. The Journal of the Economics of Ageing,
17, Article 100262. https://doi.org/10.1016/].jeoa.2020.100262


http://refhub.elsevier.com/S0747-5632(21)00130-8/sref40
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref40
https://doi.org/10.1093/geronb/gbr062
https://doi.org/10.1093/geront/gny113
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref43
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref43
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref44
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref44
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1037/pag0000061
https://doi.org/10.1093/geronj/47.1.P41
http://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-39.pdf
http://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-39.pdf
http://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-39.pdf
https://doi.org/10.1093/geronj/47.2.P96
https://doi.org/10.1093/geronj/47.2.P96
https://doi.org/10.1037/0033-295X.103.3.403
https://doi.org/10.1037/0033-295X.103.3.403
https://doi.org/10.1024/1662-9647/a000165
https://doi.org/10.1024/1662-9647/a000165
https://doi.org/10.1177/1555343415583747
https://doi.org/10.1177/1555343415583747
https://doi.org/10.1093/geronb/gbw050
https://doi.org/10.1093/geronb/gbw050
https://doi.org/10.1016/j.chb.2011.08.003
https://doi.org/10.1016/j.chb.2011.08.003
https://doi.org/10.1093/ije/dyu067
https://doi.org/10.1093/geronb/56.6.P364
https://doi.org/10.1093/geronb/gbs044
https://doi.org/10.1080/03601277.2015.1048165
https://doi.org/10.1080/03601277.2015.1048165
https://doi.org/10.1037/a0019543
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref60
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref60
https://doi.org/10.1177/0958928708098523
https://doi.org/10.1016/j.chb.2010.03.029
https://doi.org/10.1016/j.chb.2010.03.029
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref63
http://refhub.elsevier.com/S0747-5632(21)00130-8/sref63
https://doi.org/10.1037/a0038016
https://doi.org/10.1037/a0038016
https://doi.org/10.1080/08870446.2014.896464
https://doi.org/10.1177/0733464815570665
https://doi.org/10.1177/0733464815570665
https://doi.org/10.1016/j.jeoa.2020.100262

	Cognitive functioning mediates the relationship between self-perceptions of aging and computer use behavior in late adultho ...
	1 Introduction
	2 Study 1
	2.1 Method
	2.1.1 Participants
	2.1.2 Measures
	2.1.3 Analysis

	2.2 Results
	2.2.1 Descriptive analysis
	2.2.2 Longitudinal analysis
	2.2.3 Multigroup analysis

	2.3 Discussion

	3 Study 2
	3.1 Method
	3.1.1 Participants
	3.1.2 Measures
	3.1.3 Analysis

	3.2 Results
	3.2.1 Descriptive analysis
	3.2.2 Longitudinal analysis
	3.2.3 Multigroup analysis

	3.3 Discussion

	4 General discussion
	Credit author statement
	Funding
	Declaration of competing interest
	Appendix A Supplementary data
	References


