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MEMORY, AGING, AND DISTRACTION

Abstract
The use of previously distracting information on memory tests with indirect instructions is
usually age-equivalent, while young adults typically show greater explicit memory for such
information. This could reflect qualitatively distinct processing (encoding) of distracting
information by younger and older adults, but could also be caused by greater suppression of
such information by younger adults on tasks with indirect instructions. In Experiment 1,
young and older adults read stories containing distracting words, which they ignored, before
studying a list of words containing some previously distracting items for a free recall task.
Half the participants were informed of the presence of previously distracting items in the
study list prior to recall (direct instruction), and half were not (indirect instruction). Recall of
previously distracting words was age-equivalent in the indirect condition, but young adults
recalled more distracting words in the direct condition. In Experiment 2, participants
performed the continuous identification with recognition (CID-R) task, which captures a
measure of perceptual priming and recognition on each trial, and is immune to suppression.
Priming and recognition of previously distracting words was greater in younger than older
adults, suggesting that the young engage in more successful suppression of previously

distracting information on tasks in which its relevance is not overtly signalled.

Keywords: aging, distraction, priming, implicit memory, suppression

Word count; 7894



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

MEMORY, AGING, AND DISTRACTION 3

Age-related changes in attention and inhibitory control can negatively affect
performance on many tasks. For instance, older adults show greater disruption than younger
adults on tasks when irrelevant or distracting information is present (e.g., Connelly, Hasher,
& Zacks, 1991; Darowski, Helder, Zacks, Hasher, & Hambrick, 2008; May, 1999).
According to the inhibitory deficit hypothesis (Hasher & Zacks, 1988), this is because older
adults are worse than younger adults at ignoring such task irrelevant information, which leads
to additional processing of this information.

Encoding of task irrelevant information can also affect performance on subsequent
tasks (see Weeks & Hasher, 2014). Studies have shown that older adults experience more
proactive interference than younger adults on various memory tests (e.g., Gazzaley, Cooney,
Rissman, & D’Esposito, 2005; Gerard, Zacks, Hasher, & Radvansky, 1991; Hamm & Hasher,
1992; Hay & Jacoby, 1996, 1999; Lustig, May, & Hasher, 2001; May, Hasher, & Kane,
1999; Rowe, Hasher, & Turcotte, 2008), but there are also situations in which memory in
relation to previously task irrelevant information is better in older relative to younger adults.
For example, Rowe, Valderrama, Hasher, and Lenartowicz (2006) found that older adults
completed more word fragments with solutions that had appeared as distraction in an earlier
task than young adults did. Also, Campbell, Hasher, and Thomas (2010) found enhanced
recall in older compared to younger adults for picture-word pairs that had appeared in a
previous phase as distraction. These findings are consistent with the notion that older adults
engage in additional processing of task irrelevant information in comparison to younger
adults, which can be beneficial on future tasks if such information becomes relevant.

However, recent studies have uncovered evidence that young adults can also access
from memory previously distracting information when it becomes relevant to the task goals.
In Thomas and Hasher (2012), young and older adults read a series of stories containing
distracting words that they were asked to ignore. They then studied a list of words, which was

half comprised of the distracting items from the stories, for a free recall test. When
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MEMORY, AGING, AND DISTRACTION 4

participants were not made aware that the study list contained previously distracting items
(indirect instruction), young and older adults’ free recall of the previously distracting words
was equivalent (Experiment 1). However, when participants were informed that the study list
contained words that had appeared earlier in the experiment (direct instruction), young adults’
memory for the distracting words surpassed that of older adults’ (Experiments 2 and 3).
Importantly, in Thomas and Hasher’s Experiment 3, participants were not informed about the
presence of distracting items until immediately before recall, so the greater retrieval of
distracting items by young adults cannot be attributed to deeper encoding of the study list and
must be due to accessing the distracting information encoded during the story reading task. In
another study, Gopie, Craik and Hasher (2011) asked participants to indicate the text colour of
words, while ignoring the words themselves. Participants then performed a word-fragment
completion (WFC) task under either indirect instructions (to complete the fragments with the
first word that came to mind) or direct instructions (to complete the fragments with the
distracting words from the previous phase). The use of previously distracting items as
solutions in the indirect condition was greater in older relative to younger adults (greater
implicit memory for previously distracting information), but in the direct condition young
adults were able to retrieve more of these items than older adults. Given these findings, it
cannot be the case that older adults encode more task irrelevant information than young
adults. Both are able to retrieve previously distracting information from memory, but age
differences emerge depending on the task requirements — specifically, whether or not the
information is explicitly called upon.

Gopie et al. (2011) suggested that the age-differential pattern of retrieval of previously
distracting information on explicit and implicit tests reflects qualitatively distinct initial
processing of such information by young and older adults. They argue that, when distracting
information is present, older adults process it in a more shallow, perceptual fashion compared

to young adults, who encode this information at a relatively more deep and conceptual level
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MEMORY, AGING, AND DISTRACTION 5

(see Craik, 1983; 1986, for a detailed explanation of how depleted encoding resources due to
aging results in a reduction in the ability to engage in elaborative memorial processing). Most
implicit memory tests rely on perceptual (data-driven) processing, while explicit retrieval
requires more elaborate conceptual processing (see Craik, Moscovitch, & McDowd, 1994;
Jacoby, 1983; Roediger & Blaxton, 1987), so this may explain the age-differential pattern of
performance on these tasks. That is, older adults’ shallow, perceptual encoding might lead to
superior performance on implicit tasks that reinstate this type of processing at retrieval,
whereas young adults’ use of deep, conceptual encoding might lead to greater performance on
explicit tasks that draw upon this type of processing at retrieval (transfer-appropriate
processing, Morris, Bransford, & Franks, 1977; Roediger, Weldon, & Challis,1989). In
support of this, Gopie et al. (2011; Experiment 3) showed that when young adults’ attention
during the study phase was reduced (by giving them a second simultaneous task) such that
they were forced to encode distracting items superficially, the pattern of results simulated that
seen in older adults: completion of word fragments using previously distracting items was
greater under indirect than direct instructions.

Another compelling explanation for the age-differential pattern concerns age
differences in retrieval control. It is well established that young adults are better than older
adults at switching tasks without as much interference from earlier ones (e.g., Kray &
Lindenberger, 2000; Lien, Ruthruff, & Kuhns, 2008; Lustig et al., 2001; May, Hasher, &
Kane, 1999; Mayr, 2001), and suffer less ‘response conflict’ in relation to familiar but
irrelevant items stored in memory (Jonides et al., 2000). Moreover, Hasher, Zacks, and May
(1999) argue that the process of suppression (deactivation) of no-longer-relevant information
is more efficient in young than older adults. Thus, young adults may be better able to suppress
previously encoded distracting information on future tasks in which its use is not deemed
relevant (i.e., on a task with indirect instructions). For example, in Thomas and Hasher

(2012), participants were initially exposed to distracting words in the context of a story
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MEMORY, AGING, AND DISTRACTION 6

reading task, before studying a list of words (half previously distracting) for a free recall test.
The free recall task was either performed under indirect instructions (where there was no
mention of the presence of previously distracting items in the study list), or direct instructions
(in which participants were informed that some words in the study list had appeared earlier in
the experiment). Therefore, as the authors explained, young adults in the indirect condition
may have limited their retrieval solely to the studied list of words, and suppressed the
seemingly irrelevant distracting words that were encoded during the story reading task. By
contrast, when the test phase instructions pointed to the reading task as another relevant
source of information (the direct condition), young adults may have been able to relax their
constraint on retrieval in order to output the previously encoded distracting items from the
stories as well. Due to a deficit in such retrieval control, older adults may not be as good at
suppressing previously distracting items in the indirect condition, and so their recall in this
condition may reflect a search of memory based on the studied list of words as well the

distracting words from the stories.

The present study examined whether the age-differential pattern of retrieval of previously
distracting information is due to greater suppression by young than older adults on tasks with
indirect instructions (e.g., as suggested by Thomas and Hasher, 2012), or to qualitatively
distinct initial encoding of such information (e.g., as suggested by Gopie et al., 2011). As in
previous studies, we use the term ‘suppression’ to label the process that attempts to restrict
retrieval of previously distracting information on tasks in which it is not deemed relevant, but
we do not attempt to elucidate the mechanisms of any such suppression. The goal of
Experiment 1 was to attempt to replicate the observation by Thomas and Hasher (2012) that
transfer of previously distracting information influences subsequent retrieval in different
ways in young and older adults depending on whether the task instruction is direct or indirect.

This is important given the impact and implications of such a finding. To preview, we



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

MEMORY, AGING, AND DISTRACTION 7

observed a significant interaction between task instruction (direct/indirect) and word type
(distracting/new [new items are those presented in the study list but not the stories]) in young
adults only, demonstrating similar recall of previously distracting and new items when the
task instruction was direct, but lower recall of previously distracting than new items when the
instruction was indirect. Experiment 2 then examined age differences in relation to previously
distracting information on a perceptual implicit task in which suppression is discouraged
(outlined in the introduction to Experiment 2). If the age-differential pattern is due to greater
suppression of previously distracting information by younger than older adults, a task that
eliminates suppression should lead to greater transfer of distraction in younger adults.
Conversely, if the age-differential pattern is due to qualitatively distinct initial encoding of
distraction (i.e., conceptual encoding by young adults and perceptual encoding by older
adults), one would predict greater perceptual priming in older than younger adults.
Experiment 1
Young and older participants read a series of short stories containing distracting
words, which they were asked to ignore. After a 10 minute filler task they studied a list of
words for a recall test, which was half comprised of the distracting items from the stories.
Finally, participants were asked to free recall the items from the study list. Initial encoding of
distraction was incidental given that participants were asked to ignore the distracting words in
the stories, and were not aware during the reading task that some of the words would later
become relevant. Immediately prior to recall, half the participants were informed that some of
the words on the study list had appeared earlier in the experiment (direct instruction group,
similar to Thomas and Hasher, Experiment 3), while the other half were not informed of the
connection between the reading task and the study list (indirect instruction group, similar to
Thomas and Hasher, Experiment 1). Thus, although the free recall task itself is explicit, only
half the participants were given instructions that pointed directly to the reading task as a

relevant source of information.
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Method

Participants

Participant demographic information is summarised in Table 1. Forty-eight young
adults (seven male; M age = 20.25 years, SD = 2.16) and 48 older adults (ten male; M age =
70.25 years, SD = 6.10) took part in Experiment 1. The young participants were students
from the University of York and Middlesex University, London, all of whom participated in
exchange for course credit. The older adults were local members of the University of the
Third Age (U3A) organisation, who responded to an advertisement seeking volunteers. All
participants were native English speakers who reported good health. We replaced the data
from two young and two older participants in the indirect instruction group who reported
awareness of the connection between the distracting words in the stories and the later
memory test. No other participants were excluded (our exclusion criteria included a Mini
Mental State Exam (MMSE) score of under 27 — no older participant in the current study
scored below 28 — and/or a failure to understand or complete the task in full). Our sample size
was calculated based on the average effect size reported by Thomas and Hasher (d = 0.84).
Twenty four participants per group were required to ensure 80% power to detect effects of
this magnitude.

[Table 1 about here]

Design

The experiment used a mixed factorial design with the between-participants factors
age group (young/older adult), and instruction (direct/indirect), and the within-participants
factor word type (distracting/new). The number of words correctly recalled in each condition
was the dependent measure.

Materials
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The original materials were obtained from Thomas and Hasher. Four stories with an
average length of 174 words were used in the reading task. The stories were presented in
Century 12-point font, with target text italicized, and distracting words in standard, upright
text. Each story contained 16 distracting words that were repeated five times (each story
contained 80 distracting items in total, and each distracting word was shown 20 times across
the four stories). Three lists of eight words, between three and eight letters in length, were
used as distracting items, matched for frequency, word length, and concreteness were used.
Sixteen words (i.e., two lists) were presented as distracting items in the stories, and half
appeared again in the study list, along with eight new words (i.e., the final list). The other
eight distracting words in the stories served as filler items, and were not presented in the later
parts of the experiment. They were included to reduce the chance of participants noticing the
connection between the words in the reading task and subsequent phases. The three word lists
were counterbalanced such that each item appeared equally often as a target distracter, filler
distracter, and new item.

Procedure

Participants were tested individually, and the duration of the experiment was
approximately 90 minutes. Participants completed a background questionnaire and a near
vision test prior to the reading task. Participants were presented with four stories, one at a
time, and asked to read them aloud. They were informed of the presence and appearance of
the distracting words, and told that their task was to read aloud only the text printed in italics,
and to completely ignore and not read out the distracting words in upright text. They were
asked not to follow along the line of text with their finger while reading, and were given a
short practise story to read before the main task. They were told that they would be asked
questions about what happened in the stories later. Reading times and errors (number of

verbalisations of distracting words) were recorded by the experimenter.
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MEMORY, AGING, AND DISTRACTION 10

Following this phase was a 10 minute distracter task in which participants completed
a series of arithmetical sums. Immediately after, participants were told that they would study
16 words for a free recall task. They were not informed that some of the words had appeared
earlier as distracting items in the stories. Each word was presented in the centre of the
computer screen in Century 12-point font for 1,500ms, followed by a blank screen for 500ms.
Participants were instructed to pay full attention to the words. Immediately after presentation
of the final word, participants were asked to free recall as many of the words as possible, in
any order. Half the participants in both groups were informed immediately prior to recall that
some of the items in the study list had appeared earlier in the experiment (direct instruction),
and the other half were not (indirect instruction). Finally, after participants had finished their
free recall, those in the indirect instruction group were asked whether they had noticed any
connection between the tasks, and if so, to describe it (this was to gauge awareness that some
of the words in the study list had been presented as distracting items in the stories).

Finally, participants completed the remaining tests, including the Wechsler Test of
Adult Reading (WTAR), the Wechsler Adult Intelligence Scale (WAIS-I11) Vocabulary and
Digit Symbol Substitution tests, and the MMSE (older adults only).

Results and Discussion

An alpha level of .05 was used, and all t-tests were two-tailed.

Reading task. Mean reading times were at 1.55 min (SD = 0.37) and 1.52 min (SD =
0.35) for young adults in the indirect and direct conditions, respectively, and at 1.56 min (SD
=0.43) and 1.64 min (SD = 0.45) in older adults in the indirect and direct conditions,
respectively. The mean number of errors (i.e., distracting words read aloud) made by older
adults was 4.38 (SD = 3.16) in the indirect condition and 4.00 (SD = 3.40) in the direct
condition, and young adults made 2.92 (SD = 4.02) errors in the indirect condition and 3.21
(SD = 3.35) errors in the direct condition. Separate 2 (age group: young/older adult) by 2

(condition: indirect/direct instruction) ANOVAs showed no significant main effects on



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

MEMORY, AGING, AND DISTRACTION 11

reading times or number of errors (greatest F(1, 92) = 2.14, p = .147). We also examined age
differences in reading times in the first two stories only, when distraction was novel (means
of 1.58 min (SD = 0.40) and 1.54 min (SD = 0.50) for young adults in the indirect and direct
conditions, respectively, and 1.75 min (SD = 0.48) and 1.78 min (SD = 0.48) for older adults
in the indirect and direct conditions, respectively). This analysis revealed a main effect of age
group, F(1, 92) =5.37, p =.023, nﬁ = .06, no main effect of condition, F(1, 92) <1, p =.771,
and no interaction, F(1, 92) <1, p =.899.

Recall. The number of previously distracting and new items recalled by young and
older adults in the indirect and direct instruction conditions is shown in Figures 1A and 1B.
There was a significant interaction between age group and word type (distracting/new) in the
indirect instruction group, F(1, 46) = 4.59, p = .038, nﬁ =.09, but not in the direct instruction
group, F(1, 46) <1, p =.939. Young adults in the indirect instruction condition recalled
significantly more new words than older adults, t(46) = 3.12, p =.003, d = 0.90, which is
consistent with the widely reported age-related reduction in memory, however there was no
age difference in the level of recall of distracting items in this condition, t(46) < 1, p =.785.
There was a significant main effect of age group in both conditions (F(1, 46) = 5.14, p = .028,
n5=.10, and F(1, 46) = 4.34, p = .025, n3 = .10, for the indirect instruction and direct
instruction groups, respectively), but in the indirect instruction group this was driven by
greater recall of new items in young relative to older adults (see above), whereas young
adults in the direct instruction group recalled more of both word types in comparison to older
adults (there was a main effect of word type in the direct instruction group, F(1, 46) = 4.27, p
=045, 5= .09, but not in the indirect instruction group, F(, 46) < 1, p = .837).

The results demonstrate differential recall of distracting and new items across
instruction conditions in young adults only, and this is qualified by a significant interaction
between instruction condition and word type in young but not older adults (F(1, 46) = 4.88, p

=.032, nS =.10, and F(1, 46) < 1, p > .05, for young and older adults, respectively). Young
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adults recalled marginally more new than previously distracting words when the task
instruction was indirect (t(23) = 1.83, p =.081, d = 0.44), but this trend was eliminated (and
the numerical effect reversed) when the task instruction was direct (t(23) = 1.31, p =.202).
Older adults recalled a similar number of previously distracting and new items irrespective of

the task instructions (both p > .05).

[Figures 1a and 1b about here]

The findings suggest that both young and older adults encode and can use previously
distracting information in later tasks, but age differences in recall vary depending upon the
instructions. Although in the indirect instruction condition there was a significant age
difference in recall of new items favouring the young, there was no such age difference for
previously distracting items, and this may be indicative of more successful suppression of
such items by young than older adults in this condition.

Some of the present results differ to those in Thomas and Hasher (2012). In the
indirect condition in the original study, older adults recalled significantly more previously
distracting than new words, whereas this difference did not reach significance in the present
study. Moreover, in Thomas and Hasher’s study young adults recalled a similar number of
the two types of words in this condition, whereas in the present study young adults recalled
more new than previously distracting words. This observation strengthens the claim that
younger adults engage in more successful suppression of previously distracting items: One
would not expect recall of previously distracting items to be equivalent to or lower than that
of new items if some form of suppression had not occurred, especially given the evidence
from the direct instruction condition that young individuals can call upon this information
when required. Participants were informed of the relevance of the previously distracting

items only after studying the list of words, so the pattern cannot be explained by young adults
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suppressing these items at the point of studying the list of words. It is possible that older
adults also attempt to suppress previously distracting items in this condition, but young adults
are likely to be more successful at this. If older adults were also successfully suppressing the
previously distracting items in this condition then we might expect their recall of such items
to be lower than that for new items, but it was numerically greater (the opposite pattern to
that shown by young adults).

Another explanation for the results is that young and older adults initially process
distracting information in qualitatively distinct ways, resulting in differential subsequent
performance on tasks with direct and indirect instructions. Older adults shallow/perceptual
encoding may facilitate performance on tasks with indirect instructions, while young adults’
deep/conceptual encoding may facilitate performance on tasks with direct instructions, due to
transfer appropriate processing. However, if the suppression explanation above is true, there
IS no reason to believe that young and older adults differ in their initial encoding of
distraction, as the patterns can be explained solely by age differences occurring at the point of
retrieval. Experiment 2 examined whether young adults show greater performance in relation
to previously distracting information than older adults on an indirect task in which
suppression is ruled out.

Experiment 2

A speeded perceptual identification task is likely to overcome suppression. In such a
task there is a single, well-defined goal (to identify words as quickly as possible), so
participants do not have flexibility in their performance strategy, and there is no reason for
suppression of a response to occur. It is unlikely that participants would actively try to inhibit
a response on this type of task, and indeed there would be very little time for any type of
suppression to occur. The initial phases of the experiment were identical to Experiment 1, but
at test participants performed the continuous identification with recognition (CID-R) task

(e.g., Conroy, Hopkins, & Squire, 2005; Stark & McClelland, 2000; Ward, Berry, & Shanks,
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2013a), which involves the concurrent trial-by-trial capture of priming and recognition. On
each trial participants identified (named) a word as quickly as possible as it gradually
emerged from a background mask (priming was indexed by reduced identification times for
previously studied items (e.g., previously distracting words) compared to new items), before
making a recognition judgement in relation to the word.

Ward et al. (2013a) showed that the CID-R task is sensitive to age-differences in
priming?, and that it is unaffected by the use of intentional memory strategies. Thus, it can be
said to capture a pure or ‘uncontaminated’ measure of priming. This is important in the
context of the present investigation because it is unlikely that participants would be able to
suppress a primed response in relation to a previously distracting item. Therefore, if young
adults tend to engage in greater suppression of previously distracting information than older
adults on tasks with indirect instructions, they should show greater transfer of distraction than
older adults when the possibility of suppression is eliminated (i.e., one would predict greater
priming in young than older adults in the present task).

On the other hand, if the age-differential pattern is due to qualitatively distinct initial
encoding of distraction by young and older adults, one would predict greater priming but
lower recognition in older than younger adults on the CID-R task, which involves a highly
perceptual priming task (most suitable for the encoding style argued to be used by older
adults) and a conceptually driven recognition task (most suitable for the encoding style
argued to be used by younger adults). The priming task draws strongly upon perceptual
processing, and repetition priming effects are greatest when encoded representations match
visually presented test stimuli (e.g., Roediger & Blaxton, 1987), thus, we would not expect
conceptually encoded representations to benefit performance on the identification task.

Participants were made aware at the point of the test phase that some words appearing
in the CID-R task also appeared in the study list. However, at no point were participants

informed that some items appearing in the test had also appeared as distracting items in the
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stories. The rationale for including the recognition judgement was twofold: First, given the
evidence that the presence of the recognition judgement alongside identification does not
affect priming (i.e., the priming task is not subject to explicit contamination, see Ward et al.
2013a), we deemed it useful to capture such a measure. Second, although explicit, the
recognition task was actually performed under the same conditions as the free recall task with
indirect instructions in Experiment 1 — participants were not made aware that some items
previously appeared as distraction in the stories — so we believed this to be a useful task
against which to compare the earlier findings.
Method

Participants

Twenty-four young (four male; M age = 19.38 years, SD = 1.35) and 24 older (eight
male; M age = 70.54 years, SD = 5.90) adults participated (see Table 2). Young adults were
students from Middlesex University, who took part in the study in exchange for course credit,
and the older adults were recruited through the U3A. All participants were native English
speakers who reported good health. No participant reported awareness of the presence of
previously distracting items in the final test (CID-R phase). Ward et al. (2013a) reported
effect sizes in the region of d = 0.83 using the CID-R task to examine age differences in
priming and recognition, thus 24 participants per group were once again needed to achieve

80% statistical power.

[Table 2 about here]

Design

The between-participants factor was age group (young/older adult), and the within-

participants factor was word type (distracting/new). There were two dependent measures:
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Response times (RT) in milliseconds in the identification task, and the proportion of hits (old
items judged old) and false alarms (new items judged old) in the recognition task.
Materials and procedure

The materials and procedure were the same as in Experiment 1, except that
participants performed the CID-R task instead of free recall. Immediately following
presentation of the final item in the study list, participants were given instructions for the
CID-R task. They were told that on each trial they would have to identify a word as it
gradually emerged on the computer screen. They were informed that the word would be
obscured by a grid and difficult to make out at first, but that it would gradually become
clearer. They were instructed to press the Enter key as soon as they knew the identity of the
word, and then type it into a box that would appear on the screen. Speed was emphasised, but
participants were asked to try to be as accurate as possible, and not press the Enter key until
they were confident that they would identify the word correctly. Participants were also
instructed that some items were previously shown in the study list, and that after each
identification they would be asked to decide whether or not they believed the word was
shown in the study list. As in Experiment 1, at no point were participants informed that some
of the words in the study list also appeared in the story reading task as distracting items.

The CID-R task was programmed in Matlab 6 using the Cogent 2000 Toolbox. Each
trial consisted of a speeded masked-word identification in which RTs were measured, and a
recognition judgement. Thirty two items were presented in total: The eight previously
distracting items witnessed in the stories and the study list (old-distracting items); the eight
items that were presented in the study list but not the stories (old-study items), and 16
completely new items. Each item was presented in Century 12-point font in the centre of a
white screen background. The mask used in the identification task was a 400 x 400 pixel grid

randomly filled with black and white noise.
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Each CID-R trial was self-initiated by the participant, and began with the
identification task: The mask was initially presented in the centre of the screen for 500 ms. A
word (old-distracting, old-study, or new) was then presented for 17 ms, followed immediately
by the mask for 233 ms (making a 250 ms block). These block presentations were repeated,
with the duration of word presentations increasing by 17 ms on every alternate block while
the total block duration remained constant. The effect is that the word appears to gradually
emerge from behind the mask. Participants were required to identify (name) the word as
quickly and accurately as possible as it emerges, pressing the ‘Enter’ key when they knew its
identity. RTs were captured on the keypress, at which point the word disappeared and
participants were prompted to type it into a box that appeared on the screen. The block
presentations ceased at 7 sec (30 blocks) after initiation if identification had not taken place,
and any such trials were discarded.

The recognition segment of the trial immediately followed each identification. The
word was presented once more and participants were required to make a judgement as to
whether they thought it had appeared in the study list using a 6-point scale where 1 = very
sure no; 2 = fairly sure no; 3 = guess no; 4 = guess yes; 5 = fairly sure yes; 6 = very sure yes.
No time limit was imposed on recognition judgements, and no feedback was provided. All
trials were randomised, and upon completion of the experiment, participants were assessed
for awareness that some of the words in the study list had been presented as distracting items
in the stories. Finally, participants completed the WTAR, the WAIS-111 subtests, and the
MMSE (older adults only).

Results and Discussion

Reading task. As in Experiment 1, when analysed as a whole there were no
significant age differences in reading times (1.61 min (SD = 0.46) and 1.69 min (SD = 0.42),
for young and older adults, respectively), t(46) < 1, p = .544, or the number of errors

produced (3.63 (SD =4.03) and5.82 (SD = 4.07), for young and older adults, respectively),
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t(46) = 1.84, p = .073. However, older adults read the first two stories with distraction more
slowly than younger adults, (1.57 min (SD = 0.31) and 1.80 min (SD = 0.42), for young and
older adults, respectively), t(46) = 2.12, p =.039, d = 0.61.

Priming. Mean identification RTs for each item type for the two groups can be found
in Table 3. Priming was calculated for old-distracting and old-study items by subtracting the
mean studied item RT (old-distracting or old-study) from the participants’ mean RT for new
items, and this was expressed in proportion to the individuals’ baseline (new item) RT, and
averaged within each group (see Figure 2A). We planned to exclude trials associated with
incorrect identifications, as well as those associated with RTs greater than 2.5SD from the
mean, but there were no such cases.

Priming was significantly above chance (i.e., > 0 ms) for both word types in young
adults (t(23) =9.86, p <.001, d = 2.01, and t(23) = 6.87, p <.001, d = 1.39, for old-
distracting and old-study items, respectively), and older adults (t(23) =5.42, p<.001,d =
1.10, and t(23) = 3.89, p =.001, d = 0.79, for old-distracting and old-study items,
respectively). A mixed ANOVA revealed a main effect of age group, F(1, 46) =7.08, p =
011, nf) =.13, no main effect of word type, F(1, 46) < 1, p =.383, and no significant
interaction, F(1, 46) < 1, p =.571. Priming was greater in young than older adults for old-
distracting items, t(46) = 2.94, p = .005, d = 0.83, but not old-study items, t(46) = 1.73, p =

.090.

[Figures 2a and 2b about here]

Recognition. Ratings 4-6 (‘yes’— old) and 1-3 (‘no’— new) on the 6-point scale were
collapsed. For each participant, the proportion of hits (studied words judged as studied) and
false alarms (new words judged as studied) were used to calculate d’for old-distracting items

and old-study items (Figure 2B; See Table 4 for hits and false alarms). Discrimination was
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significantly greater than chance (i.e., d” > 0) for young and older adults for both old-
distracting items, and old-study items (all t’s(23) > 13, p’s <.001, d’s > 2.79). There was a
main effect of age group, F(1, 46) =5.16, p =.028, nf) =.10, no main effect of word type,
F(1, 46) < 1, p =.756, and no interaction, F(1, 46) < 1, p = .689. Recognition was greater in
young than older adults for both old-distracting items, t(46) = 2.19, p =.034, d = 0.63, and

old-study items, t(46) = 2.06, p = .045, d = 0.59.

[Tables 3 and 4 about here]

Priming and recognition of previously distracting items were greater in young than
older adults. Thus, we present new evidence that young adults can access previously
distracting information for use on tasks with indirect instructions when suppression is ruled
out. This also suggests that the superior performance in relation to previously distracting
items often shown by older adults does not reflect a qualitatively distinct encoding style (e.g.,
shallow/perceptual) to that used by young individuals (e.g., deep/conceptual), which better
equips them for indirect tasks. The fact that previously distracting items were clearly
accessible to young adults on the CID-R task, which is not only highly perceptual but also
rules out suppression, reinforces the notion that these individuals are better at suppressing
output of such items when their use is not deemed relevant.

The findings with regards to recognition are interesting. As explained previously,
although recognition is a standard explicit memory test, participants were not informed that
some words in the test phase previously appeared in the stories as distraction, so it was
performed under conditions akin to those in the indirect recall task in Experiment 1. The
pattern of results, however, differed — there was a clear reduction in recognition with age for
both word types. Thus, young participants did not suppress the previously distracting items in

the recognition task. This is discussed further in the next section.
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General Discussion

This study investigated whether age differences in the transfer of distraction to tasks
with indirect instructions is due to greater suppression of seemingly irrelevant information by
young adults, or to qualitatively distinct initial encoding of distraction by young and older
adults. Experiment 1 showed differential retrieval of previously distracting and new items in
young and older adults as a function of task instructions (direct versus indirect). Young
adults’ recall of new words (those that did not initially appear as distracting items in the story
reading task) was greater than that of previously distracting words when task instructions
were indirect, but they showed no difference in recall of new and previously distracting words
when the instructions were direct. In contrast, retrieval of previously distracting and new
words did not vary in older adults as a function of the task instructions. Young adults may
have limited their retrieval to words from the study list in the indirect instruction condition,
suppressing the previously distracting items from the stories. Indeed, in Experiment 2, when
suppression was ruled out by using a speeded perceptual identification task, young adults
showed significantly greater priming for such items compared to older adults.

The study provides evidence that young adults can access previously encoded
distracting information when suppression is ruled out. It is well established that young adults
are better than older adults at constraining their retrieval to relevant sources (e.g., Jacoby,
Shimizu, Velanova, & Rhodes, 2005), and that they are better at suppressing no-longer-
relevant information (e.g., Biss, Ngo, Hasher, Campbell, and Rowe, 2013; Hasher et al.
1999). Such control over retrieval may be useful when task switching, but also explains
young adults’ failure to transfer previously encoded distracting information to subsequent
tasks in which its use is not explicitly called upon. In the present Experiment 1, young adults
may have limited their retrieval solely to the studied list of words in the indirect condition,
successfully suppressing the seemingly irrelevant distracting information that was encoded

during the story reading phase. Although the distracting words in the stories were also
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presented in the study list (unbeknownst to participants), suppression of the unwanted items
from the reading phase may have been strong enough to prevent more of these items from
being recalled. By contrast, when the recall instructions pointed to the story reading phase as
another relevant source of information (the direct condition), young adults may have been
able to relax their control over retrieval in order to output the distracting information encoded
during this phase. Due to a deficit in such retrieval control, older adults may not be as good at
suppressing previously distracting items in the indirect condition, and so their recall may
reflect a wider search of memory based on the studied list of words as well the distracting
words from the stories.

As mentioned, we use the term ‘suppression’ to label the process that attempts to
restrict the retrieval of previously distracting items on tasks in which they are not deemed
relevant, but it is beyond the scope of this article to explain the mechanisms of such
suppression. However, this is an important area of exploration for future studies. One
possibility is that the suppression functions to prevent previously distracting items from
coming to mind while performing a seemingly unrelated task — a front-end control process
such as source-constrained retrieval (e.g., Jacoby et al., 2005) that is inferior in older adults
meaning that more of such items are retrieved. This is also consistent with the deletion
function explained within inhibitory theory (e.g., Lustig, Hasher, & Zacks, 2007). Since
young adults are better at constraining their retrieval to relevant sources of information, they
may not have brought as many previously distracting items to mind in the indirect condition.
Another possibility is that distracting items do come to mind while performing tasks with
indirect instructions, but young adults are more likely than older adults to disregard them due
to their apparent lack of relevance (post-retrieval monitoring, e.g., Koriat & Goldsmith,
1996). Post-retrieval monitoring allows the individual to select the most appropriate (or
preferred) response among a number of retrieved candidates, and because in the present

Experiment 1 the goal of the task was to recall items from the study list, young participants
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may have disregarded previously distracting items coming to mind due to uncertainty about
where they were encountered (the stories or the study list). On at least some occasions they

may have incorrectly attributed a retrieved item’s familiarity wholly to the reading task, and
dismissed it as irrelevant. This is not to suggest that older adults have better source memory,
but they may be more likely to output any recently encountered item that comes to mind.

Such a mechanism could also operate in other commonly used implicit tasks, such as
WEC. For example, in Gopie et al. (2011), participants were instructed to complete word
fragments with the first word that came to mind (some solutions had appeared as distraction in
a previous phase), but it is possible that young participants did initially generate previously
distracting items as solutions, but simply opted for alternative solutions because the task is
framed as unrelated to the previous one, and/or because they are concerned that they are
supposed to have ignored such items previously. Of course, this would mean that participants
are not strictly following instructions to complete the fragments with the first word that comes
to mind, but this problem and the fact that such tasks allow considerable flexibility in terms of
response strategy, has been raised in the past (see Buchner & Wippich, 2000; Ward et
al.,2013a; Ward, Berry, & Shanks, 2013b). It must be conceded that failing to produce a target
on a test with indirect instructions does not necessarily mean that it was not retrieved from
memory, and inferring an absence of ‘implicit access’ to previously distracting items on this
basis should be approached with caution.

It has been also suggested that the age-differential pattern of retrieval of previously
distracting information on direct and indirect tasks is due to qualitatively distinct initial
encoding of such information by young and older adults. Gopie et al. (2011) argued that older
adults process distracting information in a shallow/perceptual manner, and young adults in a
deep/conceptual manner, thus the differential performance by the two age groups on explicit
and implicit tasks can be explained by transfer-appropriate processing (because implicit tests

usually rely on perceptual processing and explicit tests on conceptual processing). Given the
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findings of the present Experiment 2, there is no reason to believe that young and older adults
differ in their initial encoding of distraction. If differential encoding had occurred in the way
in which Gopie and colleagues describe, then older adults would have been better equipped
for the identification task, which is highly perceptual, yet priming was significantly greater in
young adults. Since repetition effects on perceptual tasks are greatest when encoded
representations match the visually presented test stimuli (e.g., Roediger & Blaxton, 1987),
conceptually encoded representations (i.e., in young adults) would not have resulted in greater
priming in the present task. Gopie et al. (2011) reported lower explicit than implicit memory
in young adults for distracting words that they were initially exposed to under conditions of
divided attention (Experiment 3). They argued that divided attention forced participants to
encode distracting items superficially (akin to the processing style of older adults), and it was
this that provided a benefit to the subsequent implicit task and detriment to the explicit task.
An alternative explanation is that the weak encoding made successful suppression more
difficult in the indirect condition.

As well as elucidating the suppression mechanisms, it will also be important for future
studies to examine the neurological underpinnings. It has been suggested that post-retrieval
monitoring reflects activity of the dorsolateral prefrontal cortex (Achim & Lepage, 2005),
which is implicated in activating goal-relevant knowledge. Activation of the ventrolateral
prefrontal cortex has also been shown to be involved in a post-retrieval selection process that
deals with competition between simultaneously active memory representations (Badre &
Wagner 2007). Changes in the integrity of these structures with age, and the resulting effects
on the suppression of task irrelevant information, is a much needed area of exploration. Age-
related changes in medial prefrontal cortex activation have been linked to changes in the
ability to suppress unwanted information (Chadick, Zanto, & Gazzaley, 2014).

The findings from Experiment 2 with regards to recognition are interesting. Because

participants were not informed that some items in the CID-R task also appeared in the stories
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as distraction, it was performed under conditions akin to those in the indirect recall task in
Experiment 1, yet the pattern of results differed. Young adults’ recognition of previously
distracting words was reliably greater in comparison to that of older adults, while there was
no such age difference in recall. Thus, although young adults suppressed previously
distracting items in the indirect recall task in Experiment 1, they did not do so while
performing the recognition task. One explanation is as follows: In a situation where a
previously distracting word is presented in a recognition task, young participants may be
more likely to make a positive judgement (hit) than they are to dismiss it (miss), given the
greater overall familiarity of the item compared to new items (see Jacoby, 1991, for a
discussion on the role of familiarity in recognition). In contrast, if a previously distracting
word comes to mind in a free recall task, participants may be more inclined to dismiss it due
to uncertainty about where it was initially encountered. In other words, being faced with a
familiar word in the context of a recognition task may reinforce the mentality that it must
have been presented in the study list (because participants were not made aware that
distracting items from the stories are present), leading to a positive recognition judgement.
The lack of a significant difference in priming between previously distracting and new
words in Experiment 2 warrants consideration. In line with previous studies (e.g., Grant &
Logan, 1993), one would expect priming to be greater for repeated compared to unrepeated
items. Given that distracting items were shown 20 times in the story reading task and new
items just once in the study list, one might wonder why priming was only numerically greater
for previously distracting items in both age groups. However, it is important to note that
although the distracting items were repeated, they were ignored (unattended) during the
reading task. Only while studying the list of words (half previously distracting) did
participants attend to these items. To our knowledge no study has compared priming for
repeated but weakly encoded/unattended items to priming for unrepeated but strongly

encoded/fully attended items, but one might not predict a robust difference.
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Finally, prior studies have demonstrated greater slowing in older adults’ reading times
when distracting words are present (e.g., Connelly et al., 1991; Duchek et al. 1998; Dywan &
Murphy, 1996; Thomas & Hasher, 2012), yet the absence of such an age difference on the
whole in the present study suggests that older adults were not more disrupted by the presence
of distracting items (but note that older adults read more slowly compared to younger adults
when the first two stories with distraction were analysed separately, similarly to Thomas and
Hasher, 2012). Kim, Hasher, and Zacks (2007) also reported no age-differential slowing
caused by distracting items when age differences in processing speed were controlled for.
They suggested that there may be no age differences in the susceptibility to distraction during
reading, and that young and older adults may initially process distraction in a similar way.
The present findings suggest that encoding of distraction was equivalent between groups (at
least, exposure to distracting items was equal since reading times did not differ as a whole),
so the age-differential pattern of recall of previously distracting items must be due to age
differences occurring at the point of retrieval.

To conclude, this study sheds light on the mechanisms of the age-differential pattern
of retrieval of previously distracting information. The evidence suggests that young adults
engage in greater suppression of previously distracting information when task instructions do
not refer to its relevance, but can access this information when explicitly guided to do so. A
key implication is that both younger and older adults benefit from previously encoded
distracting information that later becomes relevant, but in different ways. Young adults are
more likely to benefit from prior distraction when its relevance to the current task goals is
explicit, whereas older adults benefit from previously encoded distracting information in the
absence of explicit cues to use the information. Thus, although distraction in the current
environment can have negative consequences for cognitive processing in older adults, under

some circumstances this can bolster memory performance on future tasks.
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Footnotes

! The terms ‘direct’ and ‘explicit’, and ‘indirect’ and ‘implicit’ are frequently used
interchangeably. Here, the terms ‘direct’ and ‘indirect’ are used to describe task instructions
(whether or not they refer to the relevance of specific previously studied information), and
the terms ‘explicit’ and ‘implicit’ to describe types of test. For example, recall and
recognition are explicit memory tests that call upon participants to retrieve previously studied
information, and perceptual identification is an implicit test that does not call upon
participants to retrieve previously studied information. The implicit test therefore involves
indirect instructions, and the explicit tests involve direct instructions. (In some conditions,
however, the explicit tests involve indirect instructions where the use of previously
distracting information is concerned).

2 The idea that implicit memory is age-invariant has come to be widely accepted, yet
many studies have demonstrated significantly reduced priming in older compared to younger
adults (e.g., Abbenhuis, Raaijmakers, Raaijmakers, & Van Woerden, 1990; Chiarello
& Hoyer, 1988; Davis, Cohen, Gancy, Colombo, & Van Dusseldorp, 1990, Hultsch, Masson,
& Small, 1991; Ward et al., 2013a). Moreover, in published studies that claim to have
revealed preserved priming in older individuals, performance has most often been
numerically reduced (see Fleishman & Gabrieli, 1998), and it has been argued that there is a
genuine decline in priming with age that may sometimes go undetected due to inadequate
statistical power to detect small but real age effects in priming (a detailed discussion is

provided in Mitchell & Bruss, 2003; Ward et al., 2013a; 2013Db).
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Table 1
Participant characteristics for Experiment 1

Young Older

(n=24) (n=24)

M (SD) M (SD)
Age (years) 20.25 (2.16) 70.25 (6.10)
Education (years) 15.04 (0.98) 15.75 (2.37)
Visual acuity * 31.00 (5.38) 42.67 (21.16)

WAIS-111 Vocabulary * 43.20 (10.65)  62.88 (5.83)

WAIS-11I Digit Symbol (processing speed) * 79.11 (13.41) 67.73 (13.99)
Wechsler Test of Adult Reading (WTAR) * 41.80 (4.66) 47.19 (4.12)

Mini Mental State Exam (MMSE) - 29.63 (0.64)

* Significant difference between groups, p <.05

Note. Visual acuity measured using the Near Vision Test Card (Schneider, 2002), viewed at
a distance of 16 inches whilst wearing corrective glasses. Participants indicated the smallest
set of letters that they could comfortably read, and scores on this test can range from 16
(highest acuity) to 160 (lowest acuity). The WAIS-111 (Wechsler Adult Intelligence Scale I11)
subtests Vocabulary and Digit Symbol Substitution have maximum scores of 66 and 133,
respectively, and the maximum score on the WTAR is 50. The maximum score on the
MMSE is 30. A score of 23 or lower indicates probable cognitive impairment, however no
participants in the experiments reported here scored below 27. Age differences in vocabulary,
vision, processing speed, and WTAR score did not predict the outcomes of the main analysis
in Experiment 1 — the significant interaction between age group and word-type in the indirect
instruction condition, but not the direct instruction condition, remained when these variables

were controlled for.
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Table 2

Participant characteristics for Experiment 2

34

Young Older

(n=24) (n=24)

M (SD) M (SD)
Age (years) 19.38 (1.35) 70.54 (5.90)
Education (years) * 14.63 (0.69) 15.71 (2.46)
Visual acuity * 31.67 (5.52) 38.33 (12.59)
WAIS-111 Vocabulary * 39.55 (15.20)  61.63 (7.72)
WAIS-111 Digit Symbol (processing speed) 75.82 (15.46) 67.04 (15.86)
WTAR * 35.45 (8.57) 45.35 (7.54)
MMSE - 29.50 (0.78)

* Significant difference between groups, p <.05

Note. Age differences in education, vision, vocabulary, and WTAR score did not predict

outcomes of the main analysis in Experiment 2. When these variables were controlled for, the

statistical outcomes of the analyses did not differ to those reported.
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Table 3
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Mean response times (RT) in milliseconds in young and older adults in the identification task

in Experiment 2.

Young Older
Word type M (SD) M (SD)
Old distracting 2651 (560) 3193 (989)
Old study 2724 (654) 3198 (982)
New 3064 (623) 3445 (1031)
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Table 4

Mean proportions of hits and false alarms in young and older adults in the recognition task

in Experiment 2.

Young Older
M (SD) M (SD)
Hits
Old distracting .90 (.07) 76 (.17)
Old study .88 (.10) .76 (.19)
False Alarms 13 (.07) 11 (.15)
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Figure captions

Figure 1. A: Mean number of previously distracting and new items recalled by young
and older adults in the indirect instruction condition in Experiment 1. B: Mean recall of
previously distracting and new items in young and older adults in the direct instruction
condition in Experiment 1. Error bars in indicate standard error of the mean (SEM).

Figure 2. A: Priming in young and older adults for old-distracting items (RTnew —
RTold-distracting / RTnew) and old-study items (RTnew — RTold-study / RTnew) in
Experiment 2. B. Recognition in young and older adults in Experiment 2. Error bars indicate

SEM.



