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Face–name learning in older adults: a benefit of hyper-binding
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Abstract Difficulty remembering faces and corresponding
names is a hallmark of cognitive aging, as is increased sus-
ceptibility to distraction. Given evidence that older adults
spontaneously encode relationships between target pictures
and simultaneously occurring distractors (a hyper-binding
phenomenon), we asked whether memory for face–name pairs
could be improved through prior exposure to faces presented
with distractor names. In three experiments, young and older
adults performed a selective attention task on faces while ig-
noring superimposed names. After a delay, they learned and
were tested on face–name pairs that were either maintained or
rearranged from the initial task but were not told of the con-
nection between tasks. In each experiment, older but not
younger participants showed better memory for maintained
than for rearranged pairs, indicating that older adults’ natural
propensity to tacitly encode and bind relevant and irrelevant
information can be employed to aid face–name memory
performance.
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Age-related deficits are seen across a range of intentional mem-
ory tasks (e.g., Balota, Dolan, & Duchek, 2000), including a
disproportionate impairment in learning face–name associations
(e.g., Crook&West, 1990). In contrast, implicit (or unintention-
al) memory is relatively preserved in old age (Fleischman,
Wilson, Gabrieli, Bienias, & Bennett, 2004), and previous work
has shown that agingmay actually increase implicit memory for
distracting items that appear outside of the focus of attention
(e.g., Campbell, Grady, Ng, & Hasher, 2012; Rowe,
Valderrama, Hasher, & Lenartowicz, 2006). The observed
age-related increase in implicit memory for distractors has been
attributed to attentional dysregulation at encoding in older adult-
hood (Hasher, Zacks, & May, 1999; Rowe et al., 2006).

Although attentional dysregulation can have undesirable
effects on older adults’ cognitive performance (Weeks &
Hasher, 2014), the presence of distraction can also be benefi-
cial when the distractors subsequently reappear as to-be-
remembered items in a later memory task (e.g., Thomas &
Hasher, 2012) and when distraction serves as a rehearsal op-
portunity between initial learning and final recall (Biss, Ngo,
Hasher, Campbell, & Rowe, 2013). These effects appear to be
implicit, as individuals report having neither consciously
attended to distractors nor awareness of the connection be-
tween tasks.

Older adults also show evidence of forming spontaneous
associations between cooccurring targets and distractors, or
hyper-binding (Campbell, Hasher, & Thomas, 2010). This
effect was demonstrated in a task in which older and younger
participants first performed a one-back identity judgment task
on pictures, ignoring superimposed words. After a delay, they
studied a series of picture-word pairs, some of which were
previously presented in the one-back task (maintained), and
others which were rearranged from previously seen stimuli
(disrupted). Older but not younger adults showed better mem-
ory for maintained than disrupted pairs, despite being unaware
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of the repetition of words between tasks. Thus, older adults
retain not only item-level information about prior distraction
but also information about cooccurrences of target and non-
target stimuli, and this implicit knowledge can influence sub-
sequent explicit memory performance.

In three experiments reported here, we asked whether the
hyper-binding paradigm could be used as a device for helping
older adults learn face–name pairings, a task that is known to
become increasingly difficult in older age (e.g. Crook &West,
1990).

Experiment 1a

Younger and older adults first performed a selective attention
task in which they attended to faces and ignored superimposed
names. After a delay, they studied a series of face–name pairs
and then performed a cued recall test in which faces were
presented and names were to be recalled. All faces and names
had been seen on the one-back task, but half of the pairs on the
study list were identical to those seen initially (maintained),
and the other half of pairs were rearranged (disrupted).
Participants were not informed of the relationship between
the first and final tasks. Cued recall was compared for main-
tained and disrupted pairs, with the assumption that any ob-
served difference would be the product of binding distracting
names to faces in the initial task and tacit transfer of that
knowledge to the final test task.

Method

Participants

Twenty young adults, ages 16 to 21 years (14 women), and 20
older adults, ages 61 to 75 years (16 women), were tested (see

Table 1 for demographics for all experiments). Sample sizes
were based on those used by Campbell et al. (2010). Young
adults were undergraduates and received partial course credit
for their participation. Older adults were volunteers from the
community and received monetary compensation. No partic-
ipants reported a history of psychiatric or neurological illness.
Given our interest in tacit transfer, one young and one older
adult were replaced prior to data analysis because they report-
ed being aware of the connection between tasks. None of the
participants in any of the experiments had previously partici-
pated in a study measuring implicit effects of distraction.

Older adults were significantly more educated than the
young adults, who were currently enrolled in an undergradu-
ate program, t(38) = 6.34, p < .001, d = 2.42, and scored
higher on the Shipley (1946) vocabulary test compared to
younger adults, t(38) = 7.23, p < .001, d = 2.25.

Materials

Thirty-four young adult (ages 18–30) and 34 older adult faces
(ages 60–94) were selected from the Centre for Lifespan
Longevity Face Database (Minear & Park, 2004). Within each
age category, two counterbalanced lists of eight faces (50 %
female) were compiled and matched on perceived age, famil-
iarity, mood, memorability, and picture quality (Kennedy,
Hope, & Raz, 2009). Eighteen filler faces were chosen from
each age category in order to obscure the connection between
the one-back and cued recall tasks. All images were in gray-
scale and pictured people from the shoulders up.

An equal number of first names were chosen from the top
50 to 100 baby names for the appropriate birth years (http://
www.ssa.gov/OACT/babynames). Because of the well-
documented same-age bias in remembering faces (e.g.,
Wiese, Komes, & Schweinberger, 2013), participants only
viewed faces from their own age category. Older and younger

Table 1 Demographic and one-
back Accuracy Scores Group Age Education Vocabulary One-back accuracy

Experiment 1a

Younger adults 18.4 (1.3) 12.8 (1.8) 30.6 (3.8) 97 % (7 %)

Older adults 69.9 (4.3) 17.8 (2.3) 37.6 (2.2) 77 % (21 %)

Experiment 1b

Younger adults 18.9 (0.9) 13.3 (1.0) 27.7 (4.4) –

Older adults 69.6 (5.1) 15.8 (3.3) 32.8 (5.4) –

Experiment 2

Younger adults 19.5 (3.4) 13.1 (1.9) 29.6 (4.0) 95 % (12 %)

Older adults 67.1 (4.0) 17.0 (2.8) 35.4 (4.5) 77 % (20 %)

Experiment 3

Younger adults 19.7 (2.5) 13.7 (1.8) 29.8 (2.7) 88 % (16 %)

Older adults 67.9 (5.0) 18.2 (5.2) 34.7 (3.3) 86 % (15 %)

Note. Standard deviations are in parentheses. One-back accuracy calculated as a percentage of hits minus false
alarms.
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face sets were also matched on familiarity, mood, memorabil-
ity, and picture quality.

For each age group, critical faces were pseudorandomly
matched with sex- and age-appropriate names to form two sets
of 16 critical face–name pairs (eight maintained and eight
disrupted) for the cued recall task. Pair typewas counterbalanced
across participants. The remainder of the faces and names were
pseudorandomly combined and used as filler pairs in the one-
back task.

Procedure

Participants were told that the experiment consisted of four
unrelated tasks. First, they performed a one-back task on
faces, pressing the spacebar when a face repeated, while ig-
noring superimposed names. Stimuli were presented for
1,000 ms each, with a 500 ms interstimulus interval. The task
began with five faces with no superimposed text, followed by
six filler faces with superimposed filler names, followed by 90
trials that either contained filler face–name pairs (42 trials in
total; each face and name presented three times each but never
in the same combination) or critical face-name pairs (48 trials
each; each critical face-name pair presented together three
times). Finally, six filler pairs served as a recency buffer.
Targets on the one-back task appeared every six trials on av-
erage and never contained a critical, to-be-tested pair.

During a 10-minute delay interval, participants completed
two nonverbal visuospatial detection tasks. Participants were
then asked to imagine that they were invited to a party at
which they would meet many interesting guests, whose faces
and names they were going to learn beforehand. They then
studied eight maintained and eight disrupted face–name pairs
presented in a random order for 4,000 ms each. Names were
presented superimposed on the forehead, as in the one-back
task. Immediately after study, they were shown the faces in a
different random order and were asked to say the correspond-
ing name. A graded awareness questionnaire was then admin-
istered to determine whether participants recognized the stud-
ied pairs as having appeared in the one-back task.

Results

Accuracy on the one-back task was calculated as the percent-
age of hits minus false alarms (see Table 1). As in previous
studies, young adults were more accurate than older adults in
detecting repetitions, t(38) = 4.02, p < .001, d = 1.28, (e.g.,
Campbell et al., 2010).

Cued recall performance on the face–name learning task
was entered into an Age (younger, older) × Pair Type (main-
tained, disrupted) mixed ANOVA. Young adults remembered
more names than older adults, as seen in Fig. 1a, F(1, 38) =
18.47, p < .001, ηp

2 = .33.

The interaction was also significant, F(1, 38) = 5.42, p =
.025, ηp

2 = .13, such that older adults had significantly better
memory for maintained than disrupted pairs (p = .049) but
young adults showed no influence of pair type (p = .218).

Experiment 1b

Older adults’ cued recall performance was implicitly influ-
enced by prior exposure to items, but it remains unclear
whether this effect is primarily driven by an increase in

a

b

c

Fig. 1 Mean number of names correctly recalled in cued recall task for
three experiments. Error bars represent one standard error of the mean. In
(a) Experiment 1, there were eight maintained and eight disrupted same-
age face–name pairs. Older but not younger adults showed better memory
for maintained pairs from the one-back task compared to disrupted pairs
as well as to a control group that did not perform the one-back task
(shown here collapsed across a dummy variable). In (b) Experiment 2,
there were four maintained and four disrupted same-age face–name pairs,
and older adults again showed a benefit for maintained pairs, eliminating
the age difference in the maintained condition. In (c) Experiment 3, the
effects from Experiment 2 were replicated with opposite-age pairs (four
maintained, four disrupted).
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memory for maintained pairs or a decrease in memory for
disrupted pairs due to interference (Biss, Campbell, &
Hasher, 2013). To disentangle these effects, we tested a group
of naïve participants on only the face–name paired associates
task to obtain a baseline level of performance for people with
no prior exposure to face or name stimuli.

Method

Twenty young adults, ages 17 to 21 years (17 women), and 20
older adults, ages 60 to 79 years (12 women), performed the
face–name learning task after participating in an unrelated
psychology study. These participants were comparable to
those in Experiment 1a in terms of age, t < 1, and education,
t(78) = 1.36, p = .177 (see Table 1). The sole change from the
previous experiment was the elimination of the one-back and
filler tasks.

Results

Since participants in this control group did not perform the
one-back task, pair type was coded as a dummy variable, and
the data were analyzed using an Experiment (1a, 1b) × Age
(younger, older) × Pair Type (maintained, disrupted) mixed
ANOVA. The three-way interaction was significant, F(1, 76)
= 12.69, p = .001, ηp

2 = .14, and the two-way Age ×
Experiment interaction was only significant for maintained
pairs, F(1, 76) = 4.72, p = .033, ηp

2 = .06. Post hoc pairwise
comparisons indicated that the source of the interaction was
better memory for maintained pairs in primed compared to
control older adults (p = .003), and no such difference among
younger adults (p > .250). As expected, the control group
showed no effect of the dummy variable, t < 1, so baseline
scores are presented as averages in Fig. 1a. The data suggest
that older adults experience a benefit for maintained pairs
without a cost for disrupted pairs (but see Campbell et al.,
2010, Experiment 1). However, overall performance was very
low (i.e., participants in the control condition correctly re-
membered only one pair on average), so there may be insuf-
ficient range to detect a difference between disrupted and
baseline conditions, especially with a between-groups com-
parison. Awithin-groups comparisonwould bemore powerful
but was not included here to avoid lengthening the to-be-
learned list and potentially reducing older adults’ performance
to floor levels.

Experiment 2

Although older adults’ face–name memory was improved in
Experiment 1 by previous exposure to relevant distraction,
younger adults still showed a substantial overall memory ad-
vantage (see Fig. 1a). Given that age-related impairments in

memory are exacerbated by long study lists (e.g., Crook &
West, 1990), we considered the possibility that older adults’
performance on our task may be further improved if there
were fewer pairs to study, and therefore less interference be-
tween pairs. We hypothesized that reducing the number of
pairs would not affect younger adults’ performance, since
older adults are generally more vulnerable to list length effects
than are young adults (e.g., Cohen, Sandler, & Schroeder,
1987; Crook & West, 1990). To test this prediction, we repli-
cated Experiment 1a using only eight to-be-remembered pairs
(four maintained, four disrupted) and a proportionately short-
ened version of the one-back task.

Method

Participants

Twenty young adults, ages 18 to 29 years (14 women), and 20
older adults, ages 60 to 76 years (12 women), were recruited
as before. As in Experiment 1, older adults were more educat-
ed, t(38) = 5.22, p < .001, d = 1.63, and had higher vocabulary
scores, t(36) = 4.22, p < .001, d = 1.36 (data missing from two
individuals), compared to young adults. Prior to data analysis,
one younger and one older adult were replaced for being
aware of the connection between tasks.

Materials & procedure

Two counterbalanced lists of four critical face–name pairs
were created for each age category, as described in
Experiment 1. In order to maintain a ratio of critical to filler
items similar to Experiment 1, eight filler faces and names
were selected for use in the one-back task. The one-back task
began with three filler trials, followed by 42 trials that either
contained a critical pair (three repetitions each for a total of 24
trials) or a filler pair (18 trials), followed by a recency buffer of
three filler trials. After a 10-minute delay, participants studied
the eight face–name pairs and were given an immediate cued
recall test.

Results

Young adults again outperformed older adults on the one-back
task, t(37) = 3.38, p = .002, d = 1.09 (data missing from one
older adult due to program malfunction; see Table 1). An Age
(younger, older) × Pair Type (maintained, disrupted) mixed
ANOVA on cued recall data resulted in main effects of Age,
F(1, 38) = 16.85, p < .001, ηp

2 = .31, and Pair Type, F(1, 38) =
13.05, p = .001, ηp

2 = .26, which were qualified by a reliable
interaction, F(1, 38) = 5.99, p = .019, ηp

2 = .14 (see Fig. 1b).
Post hoc pairwise comparisons revealed that older adults again
had better memory for maintained than disrupted pairs (p <
.001), while young adults showed no such difference (p >
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.250). Older adults recalled fewer names from disrupted pairs
than did younger adults (p < .001), but the age difference on
maintained pairs was no longer significant (p = .211).
Evidently, older adults were able to perform at the level of
young adults under circumstances in which interference is
minimized and distraction plays a supportive role.

Experiment 3

Much work has been done examining the same-age bias in
face memory, which is reliable in young adults (Anastasi &
Rhodes, 2006) but somewhat less so for older adults (Fulton&
Bartlett, 1991). In this third experiment, our goal was to de-
termine whether the beneficial effects of preexposure to dis-
traction can extend to the learning of opposite-age faces.

Method

Participants

Samples of 20 young adults, ages 18 to 27 years (17 women),
and 20 older adults, ages 61 to 79 years (16 women), were
recruited as before. Again, older participants had more years
of education, t(37) = 3.70, p = .001, d = 1.16 (data missing
from one individual), and higher vocabulary scores, t(38) =
5.12, p < .001, d = 1.63, than young adults.

Materials & procedure

Experiment 3 was identical to Experiment 2, except that
young participants performed the one-back and cued recall
tasks on the older faces, and older participants performed the
tasks on the younger faces.

Results

Unlike in Experiments 1 and 2, there was no age difference in
accuracy on the one-back test, t < 1. Accuracy was compared
across Experiments 2 and 3 using participant age group as one
factor and age group of faces as another. There was a main
effect of Participant Age, F(1, 75) = 7.60, p = .007, ηp

2 = .09,
showing better one-back performance in young compared to
older adults, and a main effect of Face Age, F(1, 75) = 4.91, p
= .030, ηp

2 = .06, showing that both younger and older adults
performed better on the one-back task with young faces com-
pared to older faces, perhaps owing to older adults’ extensive
experience and familiarity with young faces (Wiese et al.,
2013).

Hyper-binding was tested with an Age (younger, older) ×
Pair Type (maintained, disrupted) mixed ANOVA on cued
recall (see Fig. 1c). The main effect of Pair Type, F(1, 38) =
23.58, p < .001, ηp

2 = .38, again was qualified by a significant

interaction, F(1, 38) = 28.06, p < .001, ηp
2 = .43, with older

adults showing a benefit for maintained pairs (p < .001) and
young adults showing no difference (p > .250). As in
Experiment 2, age differences were present in the disrupted
condition (p = .005) but were eliminated in the maintained
condition (p = .233). Thus, the benefit of exposure to previous
distraction extends to opposite-age faces, at least for older
adults.

To examine the existence of a same-age bias, we compared
total recall across age groups in Experiments 2 and 3. As
expected, young adults outperformed older adults, F(1, 76)
= 12.34, p = .001, ηp

2 = .14, and the Age × Experiment inter-
action was also significant, F(1, 76) = 4.56, p = .036, ηp

2 =
.06. Only young adults showed a decrease in memory perfor-
mance for opposite-age pairs (p = .028) while older adults
showed equivalent memory performance for same- and
opposite-age pairs (p > .250). This result is consistent with
previous findings of larger same-age effects in face memory
in young adults compared with older adults (e.g., Bryce &
Dodson, 2013).

Discussion

In three experiments, we demonstrated a method to boost
older (but not younger) adults’ memory for face–name pairs.
We did this by capitalizing on the hyper-binding effect
(Campbell et al., 2010), which describes older adults’ tenden-
cy to automatically form associations between targets and
cooccurring distractors, and transfer this knowledge to a mem-
ory task. This evidence that older adults encode and bind
distractor names to target faces is particularly dramatic given
that faces are powerful stimuli believed to automatically cap-
ture attention (e.g., Sato & Kawahara, 2014).

Although we are reasonably certain that the transfer of
distraction was implicit given that no participants reported
being aware of the underlying connection between tasks, we
recognize the shortcomings of self-report measures and there-
fore do not rule out the possibility of contamination by explicit
memory. However, our findings are in line with classic litera-
ture demonstrating that explicit tasks can be influenced by
implicit memory (e.g., Jacoby, 1991), and this influence is
often greater for older adults, who are more likely to commit
memory errors reflective of a reliance on familiarity (Jennings
& Jacoby, 1993). Relying on implicit memory during retrieval
may even be adaptive for older adults, who have also been
shown to incidentally encode more information about the en-
vironment than do young adults (Campbell et al., 2010;
Campbell, Zimerman, Healey, Lee, & Hasher, 2012).
Neuroimaging data corroborate the idea that older adults un-
intentionally monitor nontarget stimuli in the environment
(Campbell, Grady, et al., 2012). Overall, our findings rein-
force Craik’s (1986) notion that implicit environmental
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support plays a large role in older adults’ explicit memory and
raise the possibility that the environment can be manipulated
to optimize older adults’ performance, specifically by mini-
mizing harmful interference and maximizing helpful
distraction.

Our data provide evidence for two seemingly contradictory
ideas in the aging literature: hyper-binding (Campbell et al.,
2010), and the age-related deficit in associative binding (e.g.,
Naveh-Benjamin, 2000). In Experiment 1a, we observed the
typical age-related impairment in explicit memory for pairs,
but the benefit for maintained pairs seen in all three older adult
samples suggests that this impairment can be offset by previ-
ous exposure to helpful distraction. Other work has demon-
strated that age differences in associative memory are elimi-
nated when the test task is implicit rather than explicit (Dew&
Giovanello, 2010), which, along with growing evidence for
hyper-binding (e.g. Campbell et al., 2010), suggests that older
adults’ impairment lies less in forming associations and more
in retrieving them.

The present findings may also have clinical relevance be-
cause declining face–name memory is not only a hallmark of
aging (e.g., Crook & West, 1990) but can also be a symptom
of mild cognitive impairment (Hampstead, Sathian, Moore,
Nalisnick, & Stringer, 2008; Troyer et al., 2012) and progres-
sion to Alzheimer’s disease (Werheid & Clare, 2007). To date,
most interventions aimed at improving face–name memory in
older adults have focused on training explicit memory strate-
gies (Hampstead et al., 2008) and imagery (Belleville et al.,
2006). Extrapolating from the current results, future interven-
tions may capitalize on older adults’ natural tendency to tacitly
rely on incidentally encoded information at retrieval (Biss,
Ngo, et al., 2013).
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