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Abstract
Objectives:  Declines in both short- and long-term memory are typical of healthy aging. Recent findings suggest that retro-
dictive attentional cues (“retro-cues”) that indicate the location of to-be-probed items in short-term memory (STM) have a 
lasting impact on long-term memory (LTM) performance in young adults. Whether older adults can also use retro-cues to 
facilitate both STM and LTM is unknown.
Method:  Young and older adults performed a visual STM task in which spatially informative retro-cues or noninformative 
neutral-cues were presented during STM maintenance of real-world objects. We tested participants’ memory at both STM 
and LTM delays for objects that were previously cued with retrodictive or neutral-cues during STM order to measure the 
lasting impact of retrospective attention on LTM.
Results:  Older adults showed reduced STM and LTM capacity compared to young adults. However, they showed similar 
magnitude retro-cue memory benefits as young adults at both STM and LTM delays.
Discussion:  To the best of our knowledge, this is the first study to investigate whether retro-cues in STM facilitate the 
encoding of objects into LTM such that they are more likely to be subsequently retrieved by older adults. Our results sup-
port the idea that retrospective attention can be an effective means by which older adults can improve their STM and LTM 
performance, even in the context of reduced memory capacity.

Keywords:   Improvement, Objects, Retro-cues, Visual

Short-term memory (STM) is a capacity limited system 
that represents information after it is no longer available 
through sensory input. The contents of STM can be modi-
fied through selective attention (Posner, 1980). Bottom-up 
selective attention enables involuntarily orienting toward 
unexpected, salient stimuli. Attention can also be oriented 
voluntarily in a top-down manner toward any stimulus 
relevant to current task demands. If attention can be 
directed to facilitate STM performance, it may prove useful 
in enhancing the quantity or quality of STM in people with 
impoverished memory capacity.

STM capacity declines with healthy aging and may 
contribute to age-related impairments in other cognitive 
domains (Verhaeghen, 2013). Although the exact nature of 
this memory deficit is debated, older adults’ reduced ability 
to use top-down attentional processing to control the con-
tents of STM is likely a contributing factor (Hasher & Zacks, 
1988; May, Hasher, & Kane, 1999). Inhibition deficit theory 
proposes that STM impairments arise from difficulties limit-
ing memory access to task-relevant information and delet-
ing no longer relevant information from STM maintenance 
(Connelly, Hasher, & Zacks, 1991; Gazzaley & Nobre, 2012;  

Journals of Gerontology: Psychological Sciences

PSYCHOLOGICAL SCIENCES Journals of Gerontology: Psychological Sciences
cite as: J Gerontol B Psychol Sci Soc Sci, 2019, Vol. 74, No. 8, 1317–1325

doi:10.1093/geronb/gby045
Advance Access publication April 13, 2018

D
ow

nloaded from
 https://academ

ic.oup.com
/psychsocgerontology/article/74/8/1317/4969768 by U

niversity of N
otre D

am
e Law

 School user on 25 January 2022

mailto:jstrunk@gatech.edu?subject=


Hasher, Quig, & May, 1997; Oberauer, Wendland, & Kliegl, 
2003; Rozek, Kemper, & McDowd, 2012). The retro-cue 
paradigm can be used to investigate the relationship between 
attention and STM in aging. Participants are shown an array 
of to-be-remembered items. After a delay, a retrodictive spa-
tial cue (e.g., a small arrow) is presented briefly indicating 
the location of the to-be-probed item. Results from such 
studies reveal greater accuracy and faster response times 
for retro-cue than neutral trials (Griffin & Nobre, 2003; 
Makovski & Jiang, 2007; Makovski, Sussman, & Jiang, 
2008; Matsukura, Luck, & Vecera, 2007).

A handful of studies have investigated the effects of retro-
cueing on STM in older adults (Duarte et al., 2013; Gilchrist, 
Duarte, & Verhaeghen, 2016; Mok, Myers, Wallis, & Nobre, 
2016; Newsome et al., 2015; Souza, 2016). Previously, we 
cued participants to attend to 2–4 colored squares presented 
briefly (200 ms) to the left or right visual field (Duarte et al., 
2013). Spatial retro-cues were presented during retention. 
Retro-cues improved STM accuracy for young but not 
older adults. We speculated that older adults might have 
been unable to use spatial attention cues to improve STM 
performance. However, one recent study using spatial cues 
in addition to relatively long array and probe presentation 
times identified similar retro-cue memory benefits for both 
young and older adults (Souza, 2016). Furthermore, in an-
other study we found that STM performance in both young 
and older adults benefitted from nonspatial, verbal retro-
cues (Gilchrist et al., 2016). Collectively, the evidence to date 
suggests that older adults’ STM benefits from retrospective 
attentional cueing for spatial and nonspatial cues.

STM studies typically use repeating stimuli like colored 
shapes, which prevents memory assessment beyond short-
term delays. Given emerging neural evidence suggesting that 
neural mechanisms that support STM also support long-term 
memory (LTM; e.g., Axmacher, Haupt, Cohen, Elger, & 
Fell, 2009; Khader, Ranganath, Seemuller, & Rosler, 2007; 
Ranganath, Cohen, & Brozinsky, 2005), it is reasonable to 
predict that retro-cues presented during STM may facili-
tate not just STM but also LTM performance. For example, 
neuroimaging evidence shows that activity in the medial 
temporal lobe and lateral prefrontal cortex during STM 
maintenance predicts LTM accuracy (Ranganath et al., 2005). 
Furthermore, high STM load interferes with medial temporal 
LTM encoding mechanisms (Axmacher et al., 2009). Finally, 
emerging findings suggest that information retrieved from 
LTM can guide attention and enhance perception in young 
(Patai, Doallo, & Nobre, 2012; Stokes, Atherton, Patai, & 
Nobre, 2012; Summerfield, Lepsien, Gitelman, Mesulam, 
& Nobre, 2006) and older adults (Salvato, Patai, & Nobre, 
2016). Collectively, these findings suggest interdependence 
between attention, STM, and LTM processes. We recently 
investigated this possibility in young adults by testing par-
ticipants’ memory for the real world objects (e.g., animals, 
tools) at both short and long delays (Reaves, Strunk, Phillips, 
Verhaeghen, & Duarte, 2016). Specifically, spatially-inform-
ative retro-cues presented during the STM delay period 

indicated the location of which array object would be probed 
at STM. For the LTM task, participants were shown objects 
that were presented as probes in the STM phase along with 
new objects. They decided if they recognized the objects and 
in which position they were previously presented in the STM 
arrays. Retro-cues improved STM performance, consistent 
with previous evidence, but these memory benefits persisted 
as LTM delays. Furthermore, event-related potentials (ERPs) 
measured during STM maintenance predicted subsequent 
LTM accuracy. Given that aging impairs memory at both 
short and long delays, an interesting question for the cur-
rent study is whether older adults receive LTM benefits from 
retrospective attentional cueing in STM. In the current study, 
we investigated whether older adults would be able to use 
retrospective attention during STM to enhance both STM 
and LTM performance.

Design and Methods

Participants
Thirty-two young adults between the ages of 18 and 24 and 
39 older adults between the ages of 60 and 79 were recruited 
from the Georgia Institute of Technology and the Atlanta 
community. All participants gave written informed consent 
required by the Georgia Institute of Technology Institutional 
Review Board. Seven young adults were excluded due to 
having incomplete datasets (i.e., 6 did not return for the sec-
ond session, 1 had a corrupt data file). Nine older adults 
did not return for the second session. Consequently, 25 
young and 30 older adult participants’ data were included 
in all analyses. All participants were right handed, native 
English speakers with normal or corrected to normal 
vision, and reported no psychiatric or neurological disor-
ders. Participants were compensated with one extra credit 
per hour of participation for a psychology class or $10.00 
per hour. A $20.00 bonus was given to all participants who 
completed both experimental sessions. For the included par-
ticipants, demographics and neuropsychological results are 
shown in Table 1. EEG data were recorded for all partici-
pants but are not presented in the current article.

Neuropsychological Assessment

A 25-min neuropsychological assessment battery was 
administered between the STM and LTM tasks during 
each session. Tests included measures of working mem-
ory capacity, including the Symmetry Span (Unsworth, 
Heitz, Schrock, & Engle, 2005) and Running Letter Span 
(Unsworth et  al., 2005), and LTM from the Memory 
Assessment Scale (Williams, 1991).

Materials

Seven hundred sixty-two color images of real world 
objects were collected from Hemera Technologies 
Photo-Objects DVDs, Bank of Standardized Stimuli  
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(Brodeur, Dionne-Dostie, Montreuil, & Lepage, 2010), and 
Massive Memory (Brady, Konkle, Alvarez, & Oliva, 2008) 
databases, and Google Images. Each object subtended 
1.39 degrees of visual angle with participants seated 2 feet 
from the monitor.

Design

Before beginning each session of the experiment, partici-
pants engaged in a 20-min practice of the tasks in which 
the pace increased up to the experimental pace by the end 
of practice. Participants practiced both STM and LTM tri-
als. Given that there were two sessions of the experiment 
(see below), participants would have been aware that their 
memory would be tested at short- and long-term delays by 
the second session. Thus, we exposed all participants to 
both STM and LTM trials before starting the first session 
to equate any effects of prior knowledge of the memory 
tests on performance across session.

The experiment was divided into two sessions separated 
by a 2-week delay. Each session contained 88 STM tri-
als and 132 LTM trials for a total of 176 STM trials and 
264 LTM trials. We included fewer new than old objects 
as the main question of interest was whether retro-cueing 
effects are observed in LTM for previously presented STM 

probes (i.e., old items; The greater number of old than 
new probes at LTM could potentially bias responses to-
ward “old” responses. Importantly, this bias would not be 
expected to influence retro-cueing effects.). Objects in the 
unreferenced hemi-field of the short-term task in the first 
session were reused as cued hemi-field objects in the second 
session to obtain a sufficient number of trials for analysis. 
In a separate behavioral study, we found that participants’ 
memory for the reused objects was not better than chance 
after 2 weeks. Behavioral data were combined across test-
ing sessions.

STM task
The paradigm is shown in Figure 1. Each trial began with 
a precue that indicated the side of the screen to which par-
ticipants should attend. Half of the trials were presented 
with a left cue and half with a right cue. Two objects were 
presented in each side of the array in two of three possible 
locations. A “place-holder” scrambled object was presented 
on both sides of the array to keep perceptual load balanced 
across the hemi-fields. The memory array had a radius sub-
tending 3.21 degrees of visual angle. Retro-cues indicated 
the location of to-be probed objects. Neutral cues were not 
spatially informative having no arrowheads on any of the 
points of the fixation cross. Cues subtended 1.39 degrees 
of visual angle. Half of the trials were retro-cued and the 
other half were neutral-cued. Half of the trials were match 
trials in which the probe was previously presented in the 
cued hemi-field and cued vertical location, and the other 
half were nonmatch trials in which the probe was not 
presented in either hemifield. No objects were presented 

Table 1.  Group Demographics and Neuropsychological Test 
Performance

Young Older

Demographics 25 (18–24 years) 30 (61–71 years)

Gender 13 female 15 female
Age 20.48 (1.75) 67.71 (3.24)
Education 14.60 (1.63) 15.96 (2.27)*
Symmetry Span (partial load) 30.08 (7.62) 12.07 (7.01)*
Running Letter Span 26.08 (14.32) 11.27 (8.85)*
List Learning (out of 72)a 63.96 (3.45) 46.29 (9.26)*
List Learning (out of 12)a 12.00 (0.00) 11.04 (1.40)*
Letter Fluency (FAS)a 49.63 (15.99) 39.64 (11.16)*
Trails Aa 22.82 (6.85) 34.95 (11.51)*
Trials Ba 41.35 (8.97) 99.96 (37.87)*
List Recall—Freea 11.33 (0.96)  9.96 (1.64)*
List Recall—Cueda 11.29 (0.99) 10.18 (1.77)*
List Recognitiona 11.96 (0.20) 12.04 (0.43)
Visual Recognitiona 18.71 (1.78) 16.89 (1.77)*
Visual Reproductiona 8.96 (1.37) 5.71 (2.19)*
Verbal Spana 12.46 (2.73) 10.71 (2.12)*
Verbal Forwarda 6.96 (1.40) 6.18 (1.44)
Verbal Backwarda 5.38 (1.50) 4.50 (1.29)*
Delayed Vis Recognitiona 19.29 (1.04) 17.54 (2.56)*
Delayed List Recall—Freea 11.67 (0.70) 9.96 (1.88)*
Delayed List Recall—Cueda 11.67 (0.48) 10.32 (1.85)*

Note: Standard deviations in parentheses. Superscript “a” indicates tests from 
the Memory Assessment Scale (Williams, 1991). Significantly different from 
Young (*p < .05). Seven older adults did not report years of education, and 
two older adults did not complete the MAS, Trails, and Letter Fluency tasks.

Figure 1.  Schematic of the experimental design showing example stim-
uli and task requirements. The short-term memory (STM) schematic 
depicts a retro-cue trial, indicating that the item in the first position 
on the right side of the array will be probed (the acorn). Probes from 
the STM task are presented again in the long-term memory (LTM) task. 
Participants are asked if the item was present in the memory array and 
if “old,” where it was located in the array for both the hemifield and 
exact vertical location. Note: STM probe duration was 500 ms for older 
adults (see Methods).
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as probes from a previously uncued hemifield or vertical 
position. Thus, retro-cued were 100% valid. The task and 
timing were the same for young and older adults except the 
probe was presented for 200 ms for the young adults and 
500 ms for the older adults. These short presentation times 
were chosen to optimize our ability to measure lateralized 
ERPs, which are not presented here. The probe duration 
was increased for older adults as piloting showed that they 
found the task too difficult with a shorter probe duration. 
Trials were presented in a pseudorandom order such that 
no more than four trials of one type (match, nonmatch, 
neutral, retro-cue, left, right) were presented consecutively. 
Participants responded with the index and middle fingers of 
their right hand pressing one button for match and another 
for nonmatch. Hits and misses were defined as “match” 
and “nonmatch” responses, respectively, to match trials. 
Correct rejections and false alarms were defined as “non-
match” and “match” responses, respectively, to nonmatch 
trials. The task was divided into 8 mini blocks of 11 trials 
with a 10-s break between each block to minimize fatigue.

LTM task
All probes from the STM task were presented, along with 
half as many new objects. Old and new trials were pre-
sented in a pseudorandom order such that no more than 
four trials of the same type were presented consecutively. 
First, participants decided whether the object was old or 
new. LTM hits and misses were defined as “old” and “new” 
responses, respectively, to objects that were classified as 
hits or correct rejections during the STM phase. LTM cor-
rect rejections and false alarms were defined as “new” and 
“old” responses, respectively, to new objects not presented 
during the STM task. Second, participants decided whether 
the object was presented on the left or right side of the 
array in the STM task. Third, participants decided which 
of the three vertical positions the object occupied (top, mid-
dle, or bottom). The second and third questions were used 
to assess location memory and presented to the participant 
regardless of their response to the old/new question to 
keep motor responses consistent across trials. Participants 

responded with the index, middle, and ring fingers of their 
right hand. The task was divided into 4 blocks of 33 trials 
with a 30-s break between each block. For older adults, the 
probe was presented for 500 ms (young adults: 200 ms), 
and all other task timing was consistent across age groups.

Results

Neuropsychological Tests
Neuropsychological test scores are shown in Table 1. Older 
participants were more educated than the young adults and 
performed similarly on List Recognition and Verbal Span 
Forward tasks. On all other neuropsychological tasks, 
young adults performed significantly better than older 
adults.

STM Performance

Mean proportions of hit rates for match trials and correct 
rejection rates for nonmatch trials are shown for neutral-
cue and retro-cue conditions in Table  2. Hits and misses 
were defined as “match” and “nonmatch” responses, 
respectively, to match trials. Correct rejections and false 
alarms were defined as “nonmatch” and “match” responses, 
respectively, to nonmatch trials. Item memory accuracy was 
estimated using Pr, that is, p(hits)-p(false alarms); in this 
metric, chance performance is zero (Snodgrass & Corwin, 
1988). Mean reaction times (RTs) for hits and correct rejec-
tions are shown in Table 2. D-prime and criterion estimates 
of memory sensitivity and bias, respectively, are also shown 
in Table  2. Due to variability in whether participants 
waited to respond to the response prompt, RTs for the 
short-term task were calculated from the probe onset and 
not the response prompt. We ran a separate analysis using 
only those trials that the participants responded after the 
response prompt and the results did not change.

We assessed the effects of retro-cueing on Pr estimates 
shown in Figure  2 with a Cue (neutral-cue, retro-cue) × 
Group (young, older) ANOVA. The ANOVA revealed 

Table 2.  Short-Term Memory: Response Proportions, Performance Indices, and Reaction Times for Each Cue Type and Age 
Group

Young Older

Performance Measures Retro-Cue Neutral-Cue Retro-Cue Neutral-Cue

Hits 0.889 (0.078) 0.779 (0.114) 0.699 (0.192) 0.641 (0.157)
Correct rejections (CR) 0.946 (0.049) 0.924 (0.071) 0.888 (0.102) 0.882 (0.113)
Corrected recognition (Pr) 0.835 (0.089) 0.703 (0.105) 0.586 (0.239) 0.523 (0.194)
D-prime 3.10 (0.62) 2.41 (0.45) 1.96 (0.94) 1.73 (0.67)
Criterion 0.2 (0.37) 0.39 (0.39) 0.38 (0.33) 0.47 (0.35)
Hit reaction time 1,270 (95) 1,329 (105) 1,471 (258) 1,538 (274)
CR reaction time 1,275 (92) 1,308 (92) 1,532 (239) 1,574 (234)

Note: Standard deviations are in parentheses. Reaction times are in milliseconds and assessed from the probe onset. Pr is the corrected recognition measure  
(hit-false alarms) as defined in Snodgrass and Corwin (1988).
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significant main effects of Group [F(1, 53) = 23.2, p < .001, 
ηp2 = 0.31] and Cue [F(1, 53) = 38.5, p < .001, ηp2 = 0.42]. 
The Cue × Group interaction was also significant [F(1, 
53) = 4.8, p = .032, ηp2 = 0.08]. Similar results were obtained 
using d-prime estimates: (Group [F(1, 53) = 28.1, p < .001, 
ηp2 = 0.35], Cue [F(1, 53) = 29.1, p < .001, ηp2 = 0.35], 
Cue × Group [F(1, 53) = 6.8, p = .012, ηp2 = 0.11]. As can 
be seen in the table, the main effect of Group reflects the 
fact that overall, memory accuracy was greater for young 
than older adults, across cue conditions. The main effect of 
Cue reflects reliable retro-cue memory benefits for both age 
groups. The Cue × Group interaction could suggest that 
retro-cue benefits were larger for young than older adults. 
However, the large group difference in the neutral-cue 
“baseline” condition could potentially exaggerate any per-
ceived group difference in retro-cue utilization. Therefore, 
we compared retro-cue memory benefits between young 
and older adults using proportional increases in memory 
accuracy [i.e., (retro-cue Pr − neutral-cue Pr)/neutral-cue Pr] 
in an independent sample t-test. This analysis showed that 
the retro-cue memory benefit did not differ between age 
groups [t(53) = 1.1, p = .269; Bayes factor (null/alternative) 
for the interaction was 3.89 in favor of the null hypoth-
esis (Dienes, 2014)]. The same analysis using proportional 
increases in memory sensitivity (d-prime) also showed no 
significant difference in the retro-cue memory benefit be-
tween age groups [t(53) = 1.54, p = .13; Bayes factor (null/
alternative) for the interaction was 2.16 in favor of the null 
hypothesis].

Pr estimates comprise both hits and false alarms, thus 
the retro-cue effect could be due to benefits for correctly 
identified “match” items, correctly rejected “nonmatch” 

items, or both. Therefore, we compared retro-cue mem-
ory benefits between young and older adults for hits and 
correct rejections separately, using proportional esti-
mates calculated as above [i.e., (retro-cue hit − neutral-
cue hit)/(neutral-cue hit), (retro-cue CR − neutral-cue 
CR)/(neutral-cue CR)] in a Response (hit, CR) × Group 
ANOVA. These proportional estimates are shown in 
Figure 2. The ANOVA revealed a main effects of Response  
[F(1, 53) = 16.1, p < .001, ηp2 = 0.23], a marginal effect of Group  
[F(1, 53) = 2.91, p  =  .09, ηp2 = 0.05], but no significant 
interaction [F(1, 53) = 1.20, p = .28, ηp2 = 0.02; Bayes fac-
tor (null/alternative) for the interaction was 3.90 in favor 
of the null hypothesis]. As can be seen in Figure 2, the main 
effect of Response reflects the greater retro-cue effects for 
hits than correct rejections for both age groups. Thus, the 
retro-cue effect observed in corrected memory accuracy 
(Pr) was largely due to benefits for correctly identified 
“match” items.

To assess the effect of retro-cueing on RTs, we conducted 
a Cue (neutral-cue, retro-cue) × Response (hits, correct 
rejections) × Group (young, older) ANOVA on RTs shown 
in Table  2. A main effect of Group confirmed that older 
adults were slower than young adults [F(1, 53)  =  20.7,  
p < .001, ηp2  =  0.28]. The main effect of Cue  
[F(1, 53)  =  35.6, p < .001, ηp2  =  0.40] confirmed that 
participants were faster to respond to retro-cued than 
neutral-cued trials. The lack of Cue × Group interaction 
suggests that the retro-cue benefit for RTs was similar 
across age groups [F(1, 53) < 1, ηp2 = 0.005; Bayes factor 
(null/alternative) for the interaction was 7.52 in favor of 
the null hypothesis]. Finally, a Cue × Response interaction  
[F(1, 53) = 6.3, p = .015, ηp2 = 0.11] was observed, reflect-
ing the larger retro-cue benefit for response times for hits 
than for correct rejections. The results were unchanged 
when the same ANOVA was conducted on log-transformed 
RTs to correct for age group differences in slowing (Faust, 
Balota, Spieler, & Ferraro, 1999).

LTM Performance

All objects presented as probes during STM, regardless of 
a subject’s response, were also presented as probes at LTM. 
However, for all subsequent analyses, we only consider 
probes that were correctly endorsed as “matches,” that is, 
STM hits, or correctly rejected as “nonmatches,” that is, 
correct rejections during STM. Thus, any retro-cue benefits 
observed at LTM would be driven by a persistent retro-cue 
effect for STM hits or STM correct rejections and not by 
the greater proportion of correct trials for retro-cue than 
neutral-cue trials at STM. The same analyses for all probes, 
regardless of whether STM responses were correct or not, 
yielded a similar pattern of results as to what is presented 
below, albeit somewhat reduced in significance. LTM hits 
and misses were defined as “old” and “new” responses, 
respectively, to objects that were classified as hits or correct 
rejections during the STM phase. LTM correct rejections 

Figure 2.  On the left, corrected recognition (Pr) estimates for retro-cue 
and neutral-cue trials at STM and LTM. On the right, retro-cue accuracy 
effects at both short and long-term memory for STM hits and STM cor-
rect rejections. Calculated as the (%retro-cue − %neutral-cue items) / % 
neutral-cue items for the same response category (e.g., retro-cue hits/
neutral-cue hits), where values greater than 0 reflect a retro-cue mem-
ory benefit. Error bars reflect ±1 standard error of the mean.
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and false alarms were defined as “new” and “old” responses, 
respectively, to new objects not previously presented during 
the STM task. Mean proportions of LTM hit rates for STM 
hit trials and STM correct rejection trials are shown for 
neutral-cue and retro-cue conditions in Table 3. Item mem-
ory accuracy was estimated using Pr. D-prime and criterion 
estimates of memory sensitivity and bias, respectively, are 
also shown in Table 3. Mean RTs for LTM hits are also 
shown in the table. Mean RTs for LTM were assessed from 
the first response prompt, as virtually no responses were 
made before the onset of the response prompt.

Pr estimates for retro- and neutral-cue conditions are 
shown in Figure 2. Given that retro-cue memory benefits 
were also observed for correctly rejected objects at STM, 
though to a lesser degree than for STM hits, we next 
wanted to determine whether these benefits would persist 
into LTM. To this end, we conducted a Cue (retro, neu-
tral) × Response (STM hit, STM correct rejection) × Group 
ANOVA for Pr estimates for LTM hits that are shown in 
Table 3 with a Cue (neutral-cue, retro-cue) × Group (young, 
older) ANOVA. This revealed main effects of Group  
[F(1, 53) = 9.1, p = .004, ηp2 = 0.15] and Cue [F(1, 53) = 25.8, 
p < .001, ηp2 = 0.33] but no interactions [F(1, 53)s < 1.6, 
ps > .21, ηp2 < 0.03; Bayes factor (null/alternative) for the 
Group by Cue interaction was 6.95 in favor of the null 
hypothesis]. Similar results were obtained using d-prime 
estimates: (Group [F(1, 53) = 11.6, p = .001, ηp2 = 0.18], 
Cue [F(1, 53) = 26.2, p < .001, ηp2 = 0.33], no interactions 
[F(1, 53)s < 2.9, ps > 0.14, ηp2 < 0.04].The main effect of 
Cue and lack of interaction confirmed that LTM accuracy 
was enhanced by retro-cueing to a similar degree for STM 
hits and STM correct rejections and for both age groups. 
Given that LTM memory accuracy was reduced overall for 
older adults, we compared proportional retro-cue effects 
for STM hit and STM correct rejection Pr estimates rela-
tive to “baseline” neutral-cue conditions for these response 

categories [i.e., (retro-cue STM hit − neutral-cue STM hit)/
(neutral-cue STM hit), (retro-cue STM CR − neutral-cue 
STM CR)/(neutral-cue STM CR)] in a Response (hit, CR) 
× Group ANOVA. These proportional estimates are shown 
in Figure 2. The results of this ANOVA revealed no signifi-
cant effects of Response, Group or interaction [F(1, 53)s < 
1.94, ps > 0.17, ηp2 < 0.03; Bayes factor (null/alternative) 
for the Group by Response interaction was 6.95 in favor of 
the null hypothesis]. As can be seen in Figure 2, retro-cue 
effects in LTM were similar across STM hits and correct 
rejections and age groups.

We additionally calculated location memory for retro- 
and neutral-cued items. These estimates were calculated for 
STM hits only, as STM correct rejections had no associated 
location information. We calculated the percentage of trials 
for which both location questions (hemifield and vertical 
location) were answered correctly. There were six possible 
locations (three on each side) making chance performance 
16%. A  Cue (neutral-cue, retro-cue) × Group (young, 
older) ANOVA for proportion of items with a correct exact 
location revealed a main effect of Group [F(1, 53) = 47.1,  
p < .001, ηp2 = 0.47] and no other effects [Fs < 1, ηp2 < 0.01].  
Thus, we did not find a retro-cue benefit for location accu-
racy, although young adults were able to remember more 
locations than the older adults did.

To assess the effect of retro-cueing on LTM RTs, we 
conducted a Cue (neutral-cue, retro-cue) × Response (hits, 
correct rejections) × Group (young, older) ANOVA on 
RTs shown in Table 3. A main effect of Group confirmed 
that older adults were slower than young adults [F(1, 
53) = 30.3, p < .001, ηp2 = 0.36]. There were no effects 
involving Cue [all Fs < 1.17, ps > .28, ηp2 < 0.02]. Thus, 
the retro-cue induced benefits in response speed observed 
during STM did not extend into LTM. The results were 
unchanged when the same ANOVA was conducted on log-
transformed RTs.

Table 3.  Long-Term Memory: Response Proportions, Performance Indices, and Reaction Times for Each Cue Type and Age 
Group

Young Older

Performance Measures Retro-Cue Neutral-Cue Retro-Cue Neutral-Cue

STM hits 0.744 (0.155) 0.673 (0.195) 0.726 (0.171) 0.664 (0.166)
STM CR 0.535 (0.211) 0.483 (0.225) 0.541 (0.169) 0.518 (0.189)
Pr STM hits 0.538 (0.215) 0.468 (0.250) 0.386 (0.182) 0.324 (0.203)
Pr STM CR 0.330 (0.184) 0.278 (0.198) 0.202 (0.136) 0.179 (0.128)
D-prime STM hits 1.68 (0.81) 1.47 (0.86) 1.15 (0.57) 0.92 (0.60)
D-prime STM CR 1.04 (0.53) 0.88 (0.55) 0.57 (0.38) 0.51 (0.39)
Criterion STM hits 0.11 (0.38) 0.22 (0.40) −0.11 (0.49) 0.0 (0.40)
Criterion STM CR 0.43 (0.54) 0.52 (0.57) 0.17 (0.45) 0.20 (0.51)
STM hit reaction time 557 (138) 555 (146) 795 (200) 808 (185)
STM CR reaction time 631 (136) 637 (141) 832 (163) 801 (190)
Exact location 0.478 (0.209) 0.514 (0.236) 0.201 (0.134) 0.199 (0.126)

Note: The proportions of hits and correct rejections from STM that were correctly endorsed as “old” at LTM (i.e., LTM hits) are shown. The proportions of STM 
hits endorsed as “old” at LTM for which exact location was correct are shown. Standard deviations are in parentheses. Reaction times are in milliseconds and 
assessed from the response prompt. Pr is the corrected recognition measure (hit-false alarms) as defined in Snodgrass and Corwin (1988).
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Discussion and Implications
We examined the effect of aging on the relationship between 
retrospective attention, STM, and LTM. To the best of our 
knowledge, ours is the first study to investigate whether 
retro-cueing during STM leads to lasting memory benefits 
in LTM in both young and older adults. There were sev-
eral major findings. First, we showed that spatial retro-cues 
improved memory accuracy at both short and long delays 
across age. Second, older adults showed largely similar 
magnitude retro-cue benefits as young adults at both mem-
ory delays. Third, retro-cueing did not affect LTM accuracy 
for the spatial location of objects.

Retro-Cue Benefits in LTM

One of the most interesting findings in our study was 
that retro-cue memory benefits were present in LTM to a 
similar degree for young and older adults. This suggests 
that the protective features afforded by the retro-cue are 
not limited to STM delays. Previous retro-cueing stud-
ies have largely focused on performance benefits for hits 
in STM, and several mechanisms have been proposed to 
explain them (Souza & Oberauer, 2016 for review). We 
did not design this study with the intent of dissociating 
these nonmutually exclusive mechanisms but we believe 
that any of them could contribute to retro-cue effects for 
hits and correct rejections that were measured in LTM. 
For example, evidence showing larger retro-cue effects for 
larger set sizes supports the idea that retro-cues allow irrel-
evant items to be removed from active maintenance (e.g., 
Kuo, Stokes, & Nobre, 2012; Sligte, Scholte, & Lamme, 
2008). Importantly, it has been shown that older adults are 
equally able to employ this mechanism (Duarte et al., 2013; 
Gilchrist et al., 2016). It has also been suggested that retro-
cues protect STM representations from subsequent percep-
tual interference caused by memory probes (Makovski & 
Jiang, 2007; Souza, Rerko, & Oberauer, 2016). If inter-item 
interference in STM were removed following retro-cueing, 
the impact of additional perceptual interference caused by 
the probe would likely be reduced resulting in higher hit 
and correct rejection rates. Finally, retro-cues may restore 
item representations that would otherwise be forgotten 
from an intermediary “fragile” STM state to a more stable 
one (Murray, Nobre, Clark, Cravo, & Stokes, 2013). Given 
that the capacity of fragile STM decreases as object com-
plexity increases, we believe this restoration mechanism is 
particularly likely to contribute to the retro-cue effects in 
the current study, given the complexity of the objects.

Through these mechanisms, retrodictive cues dur-
ing STM likely freed up attentional resources, allowing 
STM probes to be more richly encoded into LTM traces. 
The current results in which LTM retro-cue benefits were 
similar across hits and correct rejections may suggest that 
probe-related encoding was a particular determinant of 
LTM performance. A  nonmutually exclusive explanation 
is that somewhat different mechanisms support retro-cue 

LTM benefits for hits and correct rejections. For example, 
the novelty of the nonmatching objects may have attracted 
attention and facilitated their encoding into LTM. Encoding 
of matching probes, by contrast, could be supported by 
familiarity signals, which would be conceivably stronger 
following retro-cueing.

Our results suggest that retro-cues selectively enhanced 
item memory but had no effect on location memory. Retro-
cueing has been shown to increase memory accuracy for an 
item’s spatial orientation (Makovski & Pertzov, 2015), and 
its spatial location (Rerko & Oberauer, 2013). Why might 
retro-cues not similarly enhance memory accuracy for spa-
tial location in the current study? It is important to note 
that we tested memory for spatial location explicitly and 
only at long-term delays. We did not test location mem-
ory at short-term delays as to avoid confounding memory 
for retro-cues with memory for spatial location. Thus, it 
remains possible that retro-cues may facilitate item-loca-
tion bindings in STM but memory for this relationship is 
either not accessible to explicit awareness or does not per-
sist long-term.

Retro-Cue Benefits in STM

As has been shown in numerous prior studies, young 
adults showed the typical STM retro-cue benefit both in 
reduced RTs and improved memory accuracy or change 
detection for retro-cues compared to neutral cues (e.g., 
Griffin & Nobre, 2003; Landman, Spekreijse, & Lamme, 
2003; Matsukura et al., 2007). In older adults the results 
are mixed, with some studies showing retro-cue benefits 
(Gilchrist et al., 2016; Mok et al., 2016; Souza, 2016) while 
others do not (Duarte et al., 2013; Newsome et al., 2015). 
We have speculated that older adults may have been less 
able to use spatial attention cues rather than retrospective 
attention per se, to improve STM performance (Duarte 
et al., 2013; Gilchrist et al., 2016; Newsome et al., 2015). 
The current results together with recent evidence show-
ing similar retro-cue memory benefits for both young and 
older adults in spatial cueing paradigms (Mok et al., 2016; 
Souza, 2016), suggest that older adults’ STM benefits from 
retrospective attentional cueing for spatial and nonspatial 
(Gilchrist et al., 2016) cues. If older adults are able to use 
spatial attention to improve STM, what are other possible 
explanations for the lack of retro-cue effect for older adults 
in some previous studies? Most previous retro-cueing stud-
ies have used simple stimuli (e.g., colors, shapes) repeated 
across numerous trials resulting in proactive interference. 
Older adults’ difficulty suppressing proactive interference 
may prevent them from using retro-cues to delete irrele-
vant memory representations (Newsome et al., 2015). This 
hypothesis is consistent with numerous studies showing 
that aging increases susceptibility to proactive interfer-
ence (Hasher, Lustig, & Zacks, 2007) and that when this 
interference is reduced through task manipulations such as 
reducing set size, older adults’ STM performance improves 
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(Rowe, Hasher, & Turcotte, 2008). The current design with 
trial-unique real-world objects likely produced minimal 
proactive interference across trials allowing older adults to 
effectively use retro-cues to enhance memory performance.

Despite the fact that aging reduced STM capacity, as evi-
denced by lower performance for neutral-cued “baseline” 
trials, older adults showed only slightly, and not statistically 
reliable, reductions in retro-cue benefits. This pattern is con-
sistent with recent results showing that aging spares one’s 
ability to apply selective attention to STM, even if the con-
tents are reduced in quality and/or quantity (Mok et al., 2016; 
Souza, 2016). We assume that high-precision representations 
of the complex, colored objects would have been needed to 
support performance in the current task and that precision 
was lower for older than young adults. Indeed, previous stud-
ies have found that young adults possess higher-precision 
representations than do older adults, even for small set sizes 
and for simple shapes (Peich, Husain, & Bays, 2013; Pertzov, 
Heider, Liang, & Husain, 2015; Souza, 2016). Assuming that 
aging reduced STM representation precision, it is not sur-
prising that older adults’ memory performance was reduced. 
Importantly, the current results show that older adults can 
use retrospective attention to facilitate STM and that these 
memory benefits persist into long-term delays, despite the 
relatively impoverished quality of their STM representations.

Conclusions
Numerous studies have attempted to ameliorate the STM 
and LTM impairments that are typical in aging. Using a 
novel two-phase design including trial-unique objects, 
we were able to show that retrospective spatial attention 
engaged during STM maintenance facilitates the encoding 
of STM probes thereby increasing the probability that they 
will retrieved from LTM for both young and older adults. 
Our results support the idea that retrospective atten-
tion can be an effective means by which older adults can 
improve their STM and LTM performance, even in the con-
text of overall reduced memory capacity. We suggest that 
these improvements will be most evident when demands on 
interference resolution are low.
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