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Selective remembering and directed forgetting are influenced by similar

stimulus properties

Dillon H. Murphy © and Alan D. Castel

Department of Psychology, University of California, Los Angeles, CA, USA

ABSTRACT

Do the properties of to-be-remembered events influence the ability to remember, and also
intentionally forget, these events in similar ways? Prior work has examined how the font
size, animacy, emotionality, concreteness (the degree to which a word denotes something
perceptible), frequency (how often a word appears in language), and length of to-be-
remembered words influence memory. However, it was previously unclear whether the
forgetting of information is also influenced by these characteristics. In six experiments, we
used an item-method directed forgetting task where we presented participants with to-be-
remembered and to-be-forgotten words varying in font size (large or small), animacy
(animate or inanimate), emotionality (negative or neutral), concreteness (high or low),
frequency (high or low), and word length (long or short). Results revealed that animacy,
emotionality, concreteness, frequency, and word length (but not font size) influenced both
remembering and forgetting. Together, the present findings indicate that the characteristics
of presented words can influence remembering as well as directed forgetting, providing
further evidence that the remembering and forgetting processes are governed by similar
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properties.

Much of memory research focuses on how to improve
learning but there are also instances where we might
want to forget information. For example, a judge some-
times instructs a jury to forget certain evidence or instruc-
tors might mistakenly present incorrect information and
tell their students to disregard what was just said.
Additionally, forgetting can be beneficial to allow for the
recall of other essential events and details (see Anderson
& Hanslmayr, 2014; Bjork & Bjork, 1996; Fawcett &
Hulbert, 2020); thus, it is important to know whether
certain features that influence remembering have similar
or different effects on the wilful ability to forget infor-
mation. Specifically, some item characteristics can
influence remembering but directed forgetting may
affect this process in different ways. Although a consider-
able amount of research has examined how the properties
of to-be-remembered events influence the ability to
remember, it is less clear how these properties influence
the ability to intentionally forget.

Directed forgetting tasks measure one’s ability to stra-
tegically forget certain information by presenting learners
with both to-be-remembered and to-be-forgotten infor-
mation (see Bauml et al., 2020; Johnson, 1994; MacLeod,
1998; Sahakyan et al., 2013 for reviews), and participants
have demonstrated the ability to forget certain

information in various types of directed forgetting para-
digms. For example, in the item-method of directed forget-
ting, participants are presented with a list of words with
each word followed by a cue either to remember or to
forget the word (e.g., Gardiner et al.,, 1994). Participants
are then asked to recall all words, regardless of the cues
to either remember or forget them. Additionally, partici-
pants often complete a surprise recognition test
whereby they are presented with the studied words
(both to-be-remembered and to-be-forgotten words) as
well as words that were not presented (lures), and partici-
pants’ objective is to identify whether each word had been
presented in the encoding phase.

Compared to controls where learners try to remember
all presented information, memory for information that
learners expected to be tested on (remember words) is
generally enhanced and memory for information that lear-
ners did not expect to be tested on (forget words) tends to
be poorer, illustrating the benefits of forgetting (see Foster
& Sahakyan, 2012). Specifically, although memory is worse
for items learners are told to forget, this forgetting results
in enhanced memory for target words by allowing the
learner to focus on a subset of the studied items rather
than trying to remember all the words. Moreover, this
intentional forgetting may be an effortful process (see
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Fawcett & Taylor, 2010, 2012; Taylor, 2005; Taylor &
Fawcett, 2011; Thompson et al, 2014) that can also
degrade memory for other details of information even
when the target information is retrieved (Fawcett et al.,
2016), suggesting that the initial forgetting process may
influence what is later remembered.

Differences in memory for to-be-remembered and to-
be-forgotten words in the item-method (but not the list
method) of directed forgetting are frequently attributed
to selective rehearsal. According to selective rehearsal
accounts, presented words are maintained in working
memory until participants are given the cue to either
remember or forget the word (Bjork, 1970, 1972;
Johnson, 1994; MacLeod, 1975; Sahakyan & Foster, 2009;
Tan et al., 2020). If participants are instructed to remember
the word, participants engage in more elaborative study
strategies to encode the word into long-term memory; if
instructed to forget the word, rehearsal of that word is
ceased, leading to an increased likelihood of forgetting.
However, according to the selective rehearsal account,
the to-be-forgotten information still receives some rehear-
sal/encoding before the cue is presented. Thus, since to-
be-forgotten information receives some rehearsal, this
information should be subject to the same fundamental
properties influencing memory for to-be-remembered
information. Specifically, if to-be-forgotten information
receives some rehearsal and subsequent encoding
before the cue to forget the word, the properties of the
word that influence remembering should impact the for-
getting of these words as well, although the effects may
be reduced when cued to forget the word. There also
may be effortful or active forgetting mechanisms that
influence directed forgetting, and these processes could
influence how attentional resources are withdrawn from
to-be-forgotten information to limit unwanted processing
(Anderson & Hulbert, 2021).

In contrast to selective rehearsal, inhibitory accounts of
directed forgetting suggest that to-be-forgotten infor-
mation is inhibited, although when inhibition occurs may
depend on the method of directed forgetting. Specifically,
inhibition occurs during encoding in the item method (see
Anderson & Hanslmayr, 2014; Basden et al., 2003; Fawcett
& Taylor, 2008; Geiselman & Bagheri, 1985) but during
retrieval in the list method (Basden et al., 1993; Basden &
Basden, 1998; Bjork, 1989; Bjork & Bjork, 1996; Sahakyan
et al., 2013; Weiner & Reed, 1969). Others have argued
for context change (Delaney et al., 2010; Sahakyan et al.,
2008; Sahakyan & Delaney, 2003; Sahakyan & Kelley,
2002), but these accounts primarily support the list-
method directed forgetting effect (see Hubbard & Sahak-
yan, 2021 for a discussion of how context change and
forget cues may operate differently in item-method
directed forgetting). In item-method directed forgetting,
there has been some support for the cognitive load
hypothesis (Lee, 2012; Lee & Lee, 2011; see also Taylor &
Ivanoff, 2021). According to the cognitive load account,
the allocation of attentional resources towards a

secondary task can enhance the directed forgetting
effect by reducing the extent to which to-be-forgotten
items receive unwanted encoding, somewhat similar to
selective rehearsal accounts.

In sum, in the item-method of directed forgetting, the
effects are largely driven by selective encoding processes
(i.e., more rehearsal given to to-be-remembered items
than to to-be-forgotten items or ceased processing of to-
be-forgotten items such that to-be-remembered items
are selectively rehearsed over to-be-forgotten items) as
well as effortful or strategic forgetting that may be
influenced by similar stimulus characteristics (see
MacLeod, 1998; Murphy & Castel, 2021). As a result,
directed forgetting effects may be influenced by similar
characteristics that guide selective encoding and effortful
forgetting. Specifically, stimulus properties may similarly
influence the encoding processes for to-be-remembered
and to-be-forgotten words before the onset of the cue
to remember or forget a word.

Previous work has demonstrated a plethora of charac-
teristics of studied words that can influence memorability.
For example, a large font sometimes produces a small
memory benefit (Chang & Brainerd, 2022; Luna et al,
2018), animate words are better remembered than inani-
mate words (Nairne et al.,, 2017), emotionally valenced
words tend to be better remembered than neutral words
(e.g., Buchanan et al., 2006), concrete words (the degree
to which a word denotes something perceptible) are
better remembered than abstract words (Paivio, 1966,
1971, 2013), frequent words (the incidence rate of a
word) are better remembered than less frequent words
(Hall, 1954), and short words (number of letters) are
better remembered than long words (Baddeley et al,
1975).

In terms of how these characteristics affect directed for-
getting, prior work suggests that neither the loudness of
audibly presented words nor the font size of visually pre-
sented words affects directed forgetting (Foster & Sahak-
yan, 2012; Sahakyan & Foster, 2016; see also Foster,
2012). Some prior work has found a reduced directed for-
getting effect using emotionally valenced images (e.g.,
Nowicka et al., 2011) while others have not found emotion-
ally valenced images to impact directed forgetting (e.g.,
Yang et al, 2012). When using word lists, some studies
have found a reduced directed forgetting effect for
emotional words (see Bailey & Chapman, 2012) while
other work has found a stronger directed forgetting
effect for negatively valenced items (Brandt et al., 2013).
Ye et al. (2019) present some evidence that word fre-
quency does not interact with directed forgetting but
acknowledge that the impact of word frequency on
directed forgetting remains unclear. Thus, in the present
study, we aimed to better elucidate whether the forgetting
of words is also influenced by word properties. Specifically,
according to selective rehearsal accounts, large words,
animate objects, emotionally valenced words, highly con-
crete words, highly frequent words, and longer words may



be differentially forgotten compared with small words,
inanimate objects, neutral words, less concrete words,
low-frequency words, and shorter words.

The current studies

Some prior work suggests that although remembering and
forgetting may follow similar principles, certain variables
can impact remembering and forgetting in different
manners (cf. Cepeda et al., 2008; Rowland, 2014). In con-
trast to incidental forgetting, directed forgetting tasks
may produce different results from those of other
memory studies. Specifically, examining how memory
and forgetting may or may not be influenced by similar
stimuli characteristics can further elucidate how we inten-
tionally remember and forget.

In the current studies, we were interested in how
different stimulus properties that are known to influence
memory and widely examined in psychological research
- font size, animacy, emotionality, concreteness, fre-
quency, and word length - influence the directed forget-
ting effect. Specifically, if forgetting is not purely under
the wilful control of the participant (i.e., if forgetting is
influenced by factors other than a learners’ goals), then
some stimulus properties may still similarly influence
remembering and directed forgetting. In each experiment,
we presented participants with words followed by a cue
indicating whether the word should be remembered
(RRRR) or should be forgotten (FFFF). Participants were
then asked to recall all words, regardless of the cue.

Consistent with prior work, we expected that words in
large font, animate objects, negative words, highly con-
crete words, low-frequency words, and shorter words to
be better remembered, even when cued to forget, than
words in small font, inanimate objects, neutral words,
less concrete words, high-frequency words, and longer
words, indicating that the stimulus properties that can
influence remembering can also affect forgetting. Specifi-
cally, since learners process to-be-remembered and to-
be-forgotten words before the cue denoting whether the
word should be remembered or forgotten (according to
the selective rehearsal account), memory for all words
should be governed by the same principles. Thus, we
expected stimulus characteristics to affect to-be-remem-
bered and to-be-forgotten words similarly, consistent
with a selective rehearsal account, although the effect of
some variables may be slightly more pronounced for to-
be-remembered items, as these items would receive
additional later rehearsal opportunities (or perhaps
deeper processing, such as imagery) for to-be-remem-
bered items.

Experiment 1a - font size

Since font size can be indicative of the importance of infor-
mation (see Luna et al.,, 2019) and can sometimes influence
later remembering (see Chang & Brainerd, 2022; Halamish,
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2018; Luna et al., 2018), the ability to forget information
may be affected by its font size. For example, tangential
information is often placed in a footnote using a small
font size while newspaper headlines are presented in
large fonts designed to capture attention and convey
importance. Most prior research has focused on how
font size influences remembering or predictions about
memory (e.g., Murphy et al., 2021; Rhodes & Castel, 2008,
2009) but prior work suggests that neither the loudness
of audibly presented words nor the font size of visually
presented words affects directed forgetting (Foster &
Sahakyan, 2012; Sahakyan & Foster, 2016; see also Foster,
2012). In Experiment 1a, we aimed to replicate this prior
work and further elucidate how the font size of to-be-
remembered and to-be-forgotten words influences the
recall of this information. Participants studied to-be-
remembered and to-be-forgotten words in large and
small font before completing a recall test. We expected
participants to demonstrate a slight recall advantage for
large to-be-remembered words compared to small to-be-
remembered words (see Chang & Brainerd, 2022; Luna
et al,, 2018), and for this effect to hold for to-be-forgotten
words.

Experiment 1b - animacy

Rather than external characteristics like the font size, more
intrinsic qualities of a word may also influence memory.
For example, animate objects (i.e., living things that can
think and move independently) tend to be better remem-
bered than inanimate objects (Bonin et al., 2014, 2015;
Leding, 2019; Nairne et al., 2013; Popp & Serra, 2016,
2018; Serra, 2021; VanArsdall et al, 2015; see Nairne
et al., 2017 for a review). This effect is generally attributed
to adaptive memory views such that animate objects are
more important to remember as these are likely to be
prey, predators, or mates (see Nairne, 2016). However, it
is unclear how the animacy of a word affects its ability to
be intentionally forgotten. In Experiment 1b, we presented
participants with animate (e.g., horse) and inanimate (e.g.,
lamp) items. We expected a memory advantage for
animate items compared with inanimate items, regardless
of the cue to remember or forget each item, as the proces-
sing of the words prior to the cue to remember or forget
should influence memorability even if learners attempt
to forget it.

Experiment 1c - emotionality

Emotionally valenced words tend to be better remem-
bered than neutral words (e.g.,, Buchanan et al., 2006;
Doerksen & Shimamura, 2001; Kensinger & Corkin, 2003;
Kleinsmith & Kaplan, 1963; LaBar & Phelps, 1998; Rubin &
Friendly, 1986; see also Buchanan & Adolphs, 2002;
Murphy & Isaacowitz, 2008). This effect may be attributable
to increased semantic relatedness of emotional words
(Talmi & Moscovitch, 2004) or to increased arousal
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resulting from the emotional stimuli (Bradley et al., 1992;
Kensinger & Corkin, 2004). Prior work has yielded mixed
findings on the effects of emotional valence on item-
method directed forgetting (e.g., Bailey & Chapman,
2012; Brandt et al, 2013), and in Experiment 1c, we
aimed to elucidate how emotional valence affects remem-
bering and forgetting. When presented with negative (e.g.,
murder) and neutral (e.g., cloth) to-be-remembered and
to-be-forgotten words, we expected a recall advantage
for negative words compared with neutral words.

Experiment 1d - concreteness

Concreteness is another word characteristic that has been
shown to affect memory. Specifically, highly concrete
words tend to be better remembered than words low in
concreteness (Paivio, 1966, 1971, 2013; see also Begg
et al., 1989; Hertzog et al., 2003; Schwanenflugel et al.,
1988). For example, highly concrete words (e.g., chair)
are theorised to activate perceptual memory more than
abstract words (e.g., hope) and are subsequently easier
to remember (e.g., Begg et al., 1989; Hertzog et al., 2003;
Tauber & Rhodes, 2012). Thus, the more concrete a word
is, the easier it may be to utilise effective encoding strat-
egies such as imagery, sentence generation, and grouping
(see Hertzog et al, 1998; Richardson, 1998; Unsworth,
2016) leading to better performance on a later memory
test. In Experiment 1d, we presented participants with
highly concrete and less concrete words. In addition to a
memory advantage for concrete to-be-remembered
words, we expected highly concrete to-be-forgotten
words to be more likely to be remembered, even if cued
to forget, than to-be-forgotten words low in concreteness
such that highly concrete words will be more frequently
recalled compared with less concrete words.

Experiment 1e - frequency

Word frequency can also influence memory (see Popov &
Reder, in press for a review). For example, research
suggests that highly frequent words (e.g., apple) are
better recalled than less frequent words (e.g., aardvark;
Hall, 1954; McDaniel & Bugg, 2008), but only when
manipulated between-subjects and using a pure list
manipulation (Bousfield & Cohen, 1955; Shepard, 1967;
Underwood et al., 1965). As such, in a within-subject or
mixed list design, word frequency has little effect on
recall (e.g., Duncan, 1974; Gregg, 1976; see also MacLeod
& Kampe, 1996; but see Mendes et al., 2020, 2021). In con-
trast to recall tests, on recognition tests, less frequent
words are better recognised than more frequent words
(Benjamin, 2003; Coane et al., 2011; DeCarlo, 2007;
Glanzer & Adams, 1985, 1990; Glanzer & Bowles, 1976;
Gorman, 1961; Schwartz & Rouse, 1961; Shepard, 1967)
whether tested via yes-no recognition (e.g., Balota &
Neely, 1980) or forced-choice recognition (e.g., Glanzer &
Bowles, 1976). Thus, word frequency can affect the

memorability of studied words, although this may
depend on how participants are tested.

In Experiment 1e, we examined how word frequency
affects memory for to-be-remembered and to-be-forgotten
words. However, rather than a within-subject, mixed list
design (as in Experiments 1a-d), we opted to use a
between-subjects, pure list design since prior work
suggests that word frequency effects do not arise in
within-subject or mixed list designs (e.g., Duncan, 1974;
Gregg, 1976). Specifically, participants completed an item-
method directed forgetting task containing either only
low- or high-frequency words. Although the directed for-
getting effect may be greater for low-frequency items
than for high-frequency items (see Sahakyan et al., 2013),
we expected to-be-forgotten words high in frequency to
be better recalled than less frequent to-be-forgotten words.

Experiment 1f - length

The last word characteristic that we investigated was word
length. Word length has been shown to affect memorabil-
ity such that shorter words are better remembered than
long words (i.e., the word length effect; see Baddeley
et al.,, 1975; see also Barton et al,, 2014; New et al., 2006).
However, the word length effect also depends on
whether a pure- or mixed-list design is used. Specifically,
Hulme et al. (2004) demonstrated that in pure lists, short
words are better remembered than long words, but
short and long words were similarly recalled in mixed
lists (see also Jalbert, Neath, Bireta, et al., 2011). The
word length effect is often attributed to the increased
complexity of longer items (see Neath & Nairne, 1995)
and longer rehearsal time for longer words (Baddeley,
1986; Burgess & Hitch, 1999; Page & Norris, 1998).
Additionally, the word length effect may be attributable
to orthographic and phonological neighbourhood size
(i.e., words with larger neighbourhoods are better recalled
than words with small neighbourhoods; see Jalbert, Neath,
Bireta, et al,, 2011; Jalbert, Neath, and Surprenant, 2011).
Regardless of the mechanism, it remains unclear how
word length influences the ability to intentionally forget
certain words. In Experiment 1f, we presented participants
with short (e.g., disc) and long (e.g., depression) words that
were also high or low in orthographic and phonological
neighbourhood size, respectively. Similar to Experiment
1e, we opted to use a between-subjects, pure-list manipu-
lation since the word length effect is strongest in pure lists
(e.g., Hulme et al., 2004). We expected a recall advantage
for short words compared with long words whether
instructed to remember or forget them.

General method

Participants

The number of participants (after exclusions), their demo-
graphic information, and the number of exclusions in each
experiment can be seen in Table 1. Participants were



Table 1. Descriptive statistics for the participants in each experiment.

n Mage SDage Number of exclusions
Experiment 1a 100 20.40 2.59 1
Experiment 1b 101 20.28 2.43 1
Experiment 1c 100 20.50 3.00 1
Experiment 1d 105 20.71 2.44 0
Experiment Te 216 20.19 1.82 3
Experiment 1f 210 20.43 2.64 3

recruited from the University of California Los Angeles
Human Subjects Pool. Participants in each experiment
were tested online (participants received a study link and
then completed the study on their own) and received
course credit for their participation. Participants were
excluded from analysis (we used the same exclusion cri-
teria in each experiment) if they admitted to cheating
(e.g., writing down answers) in a post-task questionnaire
(they were told they would still receive credit if they
cheated). Per our preregistration, in each experiment, in
Experiments 1a-d, we aimed to collect around 100 partici-
pants. The sample size was selected based on prior
exploratory research and the expectation of detecting a
medium effect size. Additionally, a power analysis indi-
cated that for a 2 x 2 repeated-measures ANOVA, assum-
ing a medium correlation (r=.50) between repeated
measures, alpha=.05 power=.80, 100 participants
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would be needed to reliably detect a small effect size
(nf, =.02). In Experiments 1e and 1f, we aimed to collect
around 200 participants. A power analysis indicated that
for a 2 x 2 mixed ANOVA, assuming a medium correlation
(r=.50) between repeated measures, alpha =.05, power
=.80, 194 participants would be needed to reliably
detect a small effect size (nf, =.03).

Materials

In each experiment, words were matched to vary in item
characteristics. Specifically, animacy scores' (with greater
scores indicating the item is more animate), emotional
valence (with lower values indicating more negatively
valence and higher values indicating more positive
valence), concreteness (with lower values indicating
lower concreteness and higher values indicating higher
concreteness), log-transformed Hyperspace Analogue to
Language (log-HAL) frequency (with lower values indicat-
ing lower frequency in the English language and higher
values indicating higher frequency), mean word length
(number of letters) as well as orthographic and phono-
graphic neighbourhood size for the words used in each
experiment are shown in Table 2. Words were classified
according to the English Lexicon Project website (Balota
et al, 2007). Additionally, p-values resulting from

Table 2. Descriptive statistics as well as p-values from independent samples t-tests comparing the characteristics of each word set for the words used in

each experiment.

Emotional Orthographic Phonographic
Animacy Valence Concreteness  Frequency Length neighbourhood size neighbourhood size

Experiment 1a — Small - 543 442 9.04 478 - -
Words

Experiment 1a - Large - 5.27 4.36 9.18 4.68 - -
Words

Experiment 1a - p-value of - 485 723 .680 .605 - -
difference

Experiment 1b — Inanimate 518.28 5.80 4.83 8.15 5.00 - -
Words

Experiment 1b — Animate 1626.28 5.79 4.86 8.05 4.98 - -
Words

Experiment 1b - p-value of <.001 929 .700 491 .888 - -
difference

Experiment 1c — Neutral - 4.59 7.98 4.01 5.00 - -
Words

Experiment 1c — Negative - 2.34 7.93 3.93 5.10 - -
Words

Experiment 1c - p-value of - <.001 .895 687 .591 - -
difference

Experiment 1d - Low - 5.66 2.67 10.05 4.95 - -
Concreteness Words

Experiment 1d — High - 5.74 4.61 9.99 493 - -
Concreteness Words

Experiment 1d - p-value of - .760 <.001 794 .904 - -
difference

Experiment 1e — Low - 5.40 4.50 7.81 4.85 - -
Frequency Words

Experiment 1e - High - 543 4.47 10.00 4.81 - -
Frequency Words

Experiment 1e — p-value of - .886 732 <.001 783 - -
difference

Experiment 1f — Short - 5.25 4.15 8.04 3.54 14.96 25.48
Words

Experiment 1f - Long Words - 5.22 411 8.05 9.13 24 .28

Experiment 1f — p-value of - .824 728 952 <.001 <.001 <.001

difference
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independent samples t-tests comparing the characteristics
of each word set are also shown in Table 2.

Procedure

Participants were informed that they would be presented
with a list of words for a later test but that they only
needed to remember some of them. Specifically, after
each word was presented, a cue indicated whether the
participant should try to remember the word (RRRR) or
try to forget the word (FFFF). Participants were presented
with a total of 40 words and each word was preceded by a
1 s fixation cross, then appeared on the screen, one at a
time, in random order, for 5 s followed by the cue for an
additional 3s. For each participant, half of the words
were randomly designated as to-be-remembered words
and half were designated as to-be-forgotten words.

In Experiment 1a, half of the words were presented in a
large (48 point) font, and half were presented in a small (12
point) font (see Murphy et al., 2021; Rhodes & Castel, 2008
for work using similar font sizes). In all subsequent exper-
iments, all words were presented in regular font (30 point).
In Experiment 1b, half of the words were animate and half
were inanimate. In Experiment 1¢, half the words were
negatively valenced and half were neutral. In Experiment
1d, half of the words were highly concrete and half of
the words were low in concreteness. In Experiment Te,
we utilised a between-subjects, pure list design where par-
ticipants completed an item-method directed forgetting
task similar to Experiments 1a-d. Participants were ran-
domly assigned to a condition using either just low-fre-
quency words (n=108) or just high-frequency words (n
=108). Finally, in Experiment 1f, we again utilised a
between-subjects, pure list design where participants
were randomly assigned to a condition using either just
short words (n=104) or just long words (n = 106).

In all experiments, the cue indicating whether partici-
pants should try to remember or forget the word was pre-
sented in a neutral size (30 point) font. After the
presentation of all 40 words, participants were given an
immediate 3 min free recall test in which they were
asked to recall all of the words from the just-presented
list. Following the recall test, participants completed a sur-
prise recognition test; participants were shown the words
from the just-presented list (in 30 point font) as well as 40
lures (in random order) and asked to indicate whether
each item was on the list of presented items. Participants
also indicated their confidence in their responses on a
scale from 0 to 100 (with 0 being not at all confident
and 100 being very confident) and were given as much
time as they needed for this portion of the task. Since
the recall test precedes the recognition test, there may
be carryover effects (i.e., the free recall test should
strengthen the recalled items, which should subsequently
produce greater recognition and confidence for those
items). Thus, we do not report analyses of the recognition
test (but these analyses generally reflected the same

trends as the recall test). Both the recall and recognition
data can be accessed on OSF.

Results

Descriptive statistics in each experiment are shown in
Table 3. Recall performance as a function of cue and
each stimulus characteristic (as a categorical variable) is
shown in Figures 1, 2, 4, 6, 8, and 10. Additionally, the prob-
ability of recall as a function of cue and each stimulus
characteristic (as a continuous variable) is shown in
Figures 3, 5, 7, 9, and 11. In Experiments 1a-d, we con-
ducted 2 (cue: remember, forget)x2 (stimulus type)
repeated-measures ANOVAs on recall performance.? In
Experiments 1e and 1f, we conducted 2 (cue: remember,
forget) x 2 (stimulus type) mixed ANOVAs on recall per-
formance. These results can be seen in Table 4. To
examine the strength of the evidence for each effect, we
also computed a Bayes Factor (a ratio of the marginal like-
lihood of the null model and a model suggesting group
differences) compared to a null model using JASP (Love
et al, 2019). We provide BFy; when inferential statistics
favour the null hypothesis (which would be supported
by a large BFy;) and BF;o, when inferential statistics
favour the alternative hypothesis (which would be sup-
ported by a large BF,; for more information on interpret-
ing Bayes factors, see Kass & Raftery, 1995).

To further elucidate how stimulus characteristics
influence remembering and forgetting, we also examined
animacy, emotional valence, concreteness, frequency, and
length as continuous variables. To determine whether
these stimulus characteristics (examined as a continuous
variable) predict recall, we computed multilevel models
(MLMs) whereby we treated the data as hierarchical or
clustered (i.e.,, multilevel) with items nested within indi-
vidual participants. Since recall at the item level was
binary (correct or incorrect) we conducted logistic
MLMs to examine memory. In these analyses, the
regression coefficients are given as logit units (i.e., the
log odds of correct recall). We report exponential betas
(€®), and their 95% confidence intervals, which give the
coefficient as an odds ratio (i.e, the odds of correct
recall divided by the odds of not recalling a word).

Table 3. Means and standard deviations (in parentheses) for recall as a
function of cue in each experiment.

FFFF recall RRRR recall
Experiment 1a — Small words 11 (.12) 51 (.24)
Experiment 1a - Large words 12 (14) .53 (.24)
Experiment 1b — Inanimate words 12 (15) .51 (.25)
Experiment 1b — Animate words 17 (19) .58 (.27)
Experiment 1c — Neutral words 12 (15) 43 (.23)
Experiment 1c — Negative words .14 (14) 47 (.24)
Experiment 1d — Low concreteness words 10 (13) 51 (.27)
Experiment 1d - High concreteness words 221 (19) .59 (.27)
Experiment 1e - Low frequency words 10 (11) .51 (.24)
Experiment 1e - High frequency words 15 (.15) .58 (.24)
Experiment 1f — Short words 12 (.09) 45 (.22)
Experiment 1f — Long words .09 (.10) 42 (.22)




(=4
el
1

(=
o0
1

(=4
|
1

o
[=)}
1

Proportion Recalled
o o
EN (9,

>
w
1

(=]
N
1

(=]
—
1

| I

MEMORY (&) 7

Cue

ORRRR m FFFF

——

Small Font

Large Font

Figure 1. Recall performance as a function of font size and cue in Experiment 1a. Error bars reflect the standard error of the mean.

Thus, e® can be interpreted as the extent to which the
odds of recalling a word changed. Specifically, values
greater than 1 represent an increased likelihood of
recall while values less than 1 represent a decreased like-
lihood of recall. Since we manipulated frequency and
length between subjects, we did not use MLMs with
items nested within individual participants. Rather, we
used a general linear model (still at the item level) with
recall accuracy predicted by frequency/length and cue.
These results are summarised in Table 5.
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In these analyses, we did not include any random
slopes, only random intercepts (allowing the intercept to
vary for each participant). We only allowed for random
intercepts across participants since we expected partici-
pants to vary in performance and how they interpreted
items, but we did not expect the words to vary. This
approach allows us to account for individual differences
across participants; we did not want to account for the var-
iance between words as that is the effect that we were
interested in. While we acknowledge that these models
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Figure 2. Recall performance as a function of animacy and cue in Experiment 1b. Error bars reflect the standard error of the mean.
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Figure 3. Probability of recall as a function of cue and animacy with regression lines in Experiment 1b.

are not independent of the ANOVAs, they serve as a way of
verifying that the results do not change under different
assumptions.

In each experiment, we observed a directed forgetting
effect such that words cued as to-be-remembered were
better recalled than words cued as to-be-forgotten.
Additionally, in our categorical analyses, there was a
recall advantage for words high in animacy, negatively
valenced words, highly concrete words, and high-fre-
quency words (although Bayes Factor provided equivocal
evidence for the effect of animacy, emotional valence,

Proportion Recalled
S o o © o o 9o
N w B W (=) =2 oo

S
—
I

and frequency). However, font size and length did not sig-
nificantly predict memory. In these analyses, there were no
significant interactions between cue and stimulus type.
These results were generally corroborated in our continu-
ous analyses. However, there was a significant effect of
length such that shorter words were better recalled than
longer words. Additionally, we observed an interaction
between cue and word concreteness. Specifically, an
analysis of the simple effects revealed that concreteness
was a better predictor of recall for to-be-forgotten words
[e®=1.38, Clgse, = 1.23-1.56, z=5.24, p <.001] than to-be-

Cue

ORRRR m FFFF

Neutral

Negative

Figure 4. Recall performance as a function of emotionality and cue in Experiment 1c. Error bars reflect the standard error of the mean.
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Figure 5. Probability of recall as a function of cue and emotional valence with regression lines in Experiment 1c.

remembered words [ =1.14, Clgso, = 1.05-1.24, z=3.03,
p=.002].

General discussion

We are sometimes presented with information that we
need to forget. For example, in the courtroom, juries are
sometimes told to forget what they heard if a judge deter-
mines that some information was presented unlawfully. In
the lab, previous work using directed forgetting tasks has
revealed that participants are generally able to implement
top-down control mechanisms to successfully recall or
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recognise the information they are told to remember
while simultaneously forgetting information they were
told to forget (Basden & Basden, 1998; Bjork, 1998;
MacLeod, 1998). However, it was previously unclear how
the intrinsic qualities of this information affect learners'’
ability to selectively remember and intentionally forget
information, and whether the same principles apply to
encoding as well as to the wilful forgetting of target
information.

In the current study, we presented participants with to-
be-remembered and to-be-forgotten words that varied in
font size, animacy, emotionality, concreteness, frequency,

Cue
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Figure 6. Recall performance as a function of concreteness and cue in Experiment 1d. Error bars reflect the standard error of the mean.
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Figure 7. Probability of recall as a function of cue and concreteness with regression lines in Experiment 1d.

and length. Results revealed that participants were consist-
ently sensitive to the cue to either remember or forget the
word, regardless of the stimulus characteristics. In terms of
font size, previous work suggests that the effect of font size
(if any) is small (Chang & Brainerd, 2022; Luna et al., 2018)
and in the current study, font size did not significantly
influence learners’ ability to remember or forget infor-
mation, replicating prior work (see Foster & Sahakyan,
2012; Sahakyan & Foster, 2016 for discussion of volume
and font size; see also Foster, 2012). Furthermore, consist-
ent with prior work, animacy, emotionality, concreteness,
frequency, and length all influenced memory (although
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the effect of length was only observed when analyzed as
a continuous variable). Specifically, animate items, nega-
tively valenced words, and highly concrete words were
better recalled than inanimate items, neutral words, or
words low in concreteness. Moreover, when analyzed as
a continuous variable, concreteness interacted with cue
such that concreteness had a greater impact on forgetting
than remembering, potentially indicating that concrete-
ness may influence some spontaneous imagery prior to
the cue (as opposed to just rehearsal), although additional
research that examines this issue in more detail is needed.
In terms of frequency and length, highly frequent and
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Figure 8. Recall performance as a function of frequency and cue in Experiment 1e. Error bars reflect the standard error of the mean.



® FFFF O RRRR

0.9 -
0.8 -

ecall
(]
BN |

P06 -

of

0.3 -

Probabili

MEMORY 1

0 2 4 6

8 10 12 14

Frequency

Figure 9. Probability of recall as a function of cue and frequency with regression lines in Experiment 1e.

short words were better recalled than low-frequency and
long words. Critically, these effects persisted regardless
of the cue to either remember or forget each word, indicat-
ing that many of the stimulus properties that influence the
ability to remember goal-relevant information also
impacts the ability to remember goal-irrelevant
information.

The present study revealed that while some intrinsic
qualities of a word can influence memory for to-be-
remembered words, some of these qualities can also
influence memory for to-be-forgotten information.
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Specifically, if presented with words high in animacy,
emotional valence, concreteness, frequency, or with few
letters, this information is more likely to be recalled even
if forgetting is attempted. In an applied context, if you
were to read a news headline that contained animate
items, was highly negative, used concrete, frequent, or
short words, and you were to find out that this headline
came from an unreputable source and you should forget
this information, it may be more difficult to forget than if
the headline had included inanimate items, neutral
words, less concrete, less frequent, or longer words. In
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Figure 10. Recall performance as a function of length and cue in Experiment 1f. Error bars reflect the standard error of the mean.
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Figure 11. Probability of recall as a function of cue and word length with regression lines in Experiment 1f.

the present study, our demonstration that the fundamen-
tal aspects of remembering can manifest in one’s ability to
forget may shed light on how false or fabricated infor-
mation can be difficult to forget and potentially later
influence decision-making and beliefs, potentially contri-
buting to misinformation effects (see Lewandowsky
et al., 2005).

In terms of the mechanisms benefitting memory for
each of these characteristics, compared to inanimate

Table 4. Results of 2 (cue: remember, forget) x 2 (stimulus type) ANOVAs in
each experiment.

Effect of Cue Effect of Stimuli Interaction
Experiment  F(1,99)=288.24, F(1,99)=1.16,p F(1,99)=.16,p
1a p<.001, =.284, 77 =.694, 1< .01,
=74, BFo > =.01, BFg; = BFo; > 100
100 7.82
Experiment  F(1, 100) = F(1,100)=24.57, F(1,100)=.27,p
1b 233.93,p p<.001, 12 =.604, < .01,
<.001, =.20, BFyo= BFg1 = 6.15
=.70, BF10> 1.02
100
Experiment  F(1,99) =225.09, F(1,99)=563,p F(1,99)=.41,p
1c p<.001, 1 =.020, n} =.522, p<.01,
=.70, BF10 > =.05, BFyo BFo; =5.47
100 =25
Experiment  F(1, 104) = F(1,104) = 60.53, F(1,104)=2.33,p
1d 279.10, p p<.001, 15 =.130, n} = .02,
<.001, 7} =.37,BF o= BFo; =4.19
=73, BFyo > 33.37
100
Experiment  F(1, 214) = F(1,214)=8.07, F(1,214)=.34,p
e 649.76, p p=.005, 1, =.563, 15<.01,
<.001, =.04, BFyo BFo1 =591
=.75,BF1o> =75
100
Experiment  F(1, 208) = F(1,208)=2.57, F(1,208)=.03,p
1f 476.20, p p=.110, 7 =.869, <.01,
<.001, 72 =.01, BFy; = BFg; = 6.67
=70, BFo > 468

100

items, animate items may be more important to remember
as these items are often prey, predators, or mates (see
Nairne, 2016). Compared to neutral words, negatively
valenced words may increase arousal leading to a
memory benefit (Bradley et al., 1992; Kensinger & Corkin,
2004). Highly concrete words may activate perceptual
memory more than abstract words (e.g., Begg et al,
1989; Hertzog et al., 2003; Tauber & Rhodes, 2012).
Highly frequent words may be easier to encode as a
result of more prior exposure and potential retrieval
paths (Popov & Reder, in press). Finally, longer words
may be more complex (see Neath & Nairne, 1995) and
take longer to rehearse, leading to poorer recall (Baddeley,
1986; Burgess & Hitch, 1999; Page & Norris, 1998); however,
the results of Experiment 1f are more consistent with
accounts suggesting that the word length effect arises

Table 5. Results of models with cue and stimulus characteristics (as a
continuous variable) predicting recall in each experiment.

Effect of cue Effect of stimuli Interaction
Experiment - - -
1a
Experiment  eB=1.00, Cl: eB=8.95, Cl: eB=1.00, Cl: 1.00-
1b 1.00-1.00, z= 7.57-10.59, z 1.00,z=-1.01,p
4.35, p <.001 =2557,p =.314
<.001
Experiment  eB=.89,Cl: .83 eB=6.35,Cl: eB=1.04, Cl: .90-
1c -.95z= 5.37-7.50,z= 1.20,z=.53,p
-3.29,p 21.71, p <.001 =.594
<.001
Experiment eB=1.26, CI: eB=9.02, Cl: eB=.82, Cl: .71 -
1d 1.17-135,z= 7.65-10.65, z 95,z=-261,p
6.06, p <.001 =26.06, p =.009
<.001
Experiment  B=.06,t=6.02, B=.89 t= B=.01,t=.56,p
le p <.001 46.04, p < .001 =.576
Experiment B=-.04,t= B=.75t= B=-.00, t=-.14,
1f -347,p 37.19,p<.001  p=.892
<.001




from differences in orthographic set size, not rehearsal
(Jalbert, Neath, Bireta, et al., 2011; Jalbert, Neath, & Surpre-
nant, 2011). Specifically, assuming differential rehearsal of
to-be-remembered and to-be-forgotten words accounts
for the item-method directed forgetting effect, word
length and cue should not interact if the word length
effect is attributable to orthographic neighbourhood size
(and there were no significant differences in orthographic
neighbourhood size between to-be-remembered and to-
be-forgotten words). In sum, stimulus characteristics
influencing remembering and forgetting in the present
study may be consistent with selective rehearsal accounts
of directed forgetting such that each word receives some
processing and encoding prior to the cue to remember
or forget the word, with these mechanisms contributing
to memorability for both to-be-remembered and to-be-
forgotten words; however, more work directly examining
rehearsal processes may be needed to attribute these
findings to selective rehearsal.

Previous work using item-method directed forgetting
tasks has suggested that directed forgetting effects
largely result from selective encoding (Bjork, 1972;
MacLeod, 1975; Sheard & Macleod, 2005; Tan et al,
2020) such that participants selectively rehearse to-be-
remembered information while ceasing rehearsal for to-
be-forgotten information. However, according to selective
rehearsal models, the to-be-forgotten information still
receives some rehearsal/encoding. Therefore, to-be-for-
gotten information should be subject to the same funda-
mental properties influencing memory as to-be-
remembered words (but with a weaker memory trace,
see Thompson et al., 2011) due to the rehearsal and sub-
sequent encoding of information before the cue to
remember or forget the word.

Although to-be-forgotten words may be less rehearsed
than to-be-remembered words, leading to stimulus
characteristics still affecting memory for these words,
some prior work has argued for distinct processes occur-
ring during forget trials that are not observed during
remember trials, particularly involving incidental forget-
ting versus successful intentional forgetting (Rizio &
Dennis, 2013). Therefore, successful intentional forgetting
may be a more complex process than simply less rehearsal
and the factors that affect to-be-remembered words
should not necessarily similarly affect to-be-forgotten
words. However, the present results did not reveal inter-
actions between stimulus properties and directed forget-
ting (except for a small effect with concreteness),
suggesting that generally, remembering and forgetting
are not differentially impacted by stimulus properties.

The results of the current study are also consistent with
the cognitive load hypothesis of directed forgetting (Lee,
2012; Lee & Lee, 2011). The cognitive load hypothesis
suggests that increased cognitive load reduces the
unwanted processing of to-be-forgotten words, enhancing
the directed forgetting effect. Thus, this theory suggests
that in the absence of a secondary task during encoding,

MEMORY 13

to-be-remembered and to-be-forgotten items are being
processed similarly. For example, Taylor and Ivanoff
(2021) manipulated the perceptual quality of presented
words in an item-method directed forgetting task but
the perceptual quality of the words did not impact the
directed forgetting effect. In the present study, there was
not a secondary task during encoding, likely resulting in
to-be-forgotten words receiving some unwanted proces-
sing. As such, each word’s characteristics similarly
influenced memory regardless of the cue to remember
or forget it, providing further evidence that the remember-
ing and forgetting processes are governed by similar prop-
erties and supporting both the cognitive load and
selective rehearsal accounts of directed forgetting;
additional research using a secondary task could better
differentiate between these two accounts.

While we focus on the selective rehearsal mechanisms,
there are likely also effortful or active forgetting mechan-
isms that guide directed forgetting which could
influence how attentional resources are withdrawn from
to-be-forgotten information to limit unwanted processing
(see Anderson & Hulbert, 2021). These effortful or strategic
forgetting processes may also be influenced by similar
stimulus characteristics that could allow for the optimal
memory of goal-relevant information (see Macleod,
1998; Murphy et al, 2022; Murphy & Castel, 2021).
However, further research is needed to understand how
effortful forgetting is influenced by guiding attention in
goal-directed memory, as well as the degree to which
people may be aware (i.e., metacognition) of how these
stimulus characteristics could influence directed forgetting
(Friedman & Castel, 2011).

Although we employed an item-method directed for-
getting paradigm to investigate how intrinsic qualities of
words influence remembering and forgetting, future
work should investigate remembering and forgetting of
similar words in other methods of directed forgetting.
For example, in the list method of directed forgetting,
the intrinsic qualities of to-be-remembered and to-be-for-
gotten information may affect memory differently since
the directed forgetting effect may be attributable to inhi-
bition (Basden et al., 1993; Basden & Basden, 1998;
Bauml et al., 2020; Bjork, 1989; Geiselman et al., 1983; Gei-
selman & Bagheri, 1985; Weiner & Reed, 1969; see Sahak-
yan et al., 2013 for a review) or changes in context
(Sahakyan, 2004; Sahakyan et al., 2008; Sahakyan &
Kelley, 2002) rather than selective encoding. Furthermore,
future research could employ a point value manipulation
of directed forgetting (see Castel et al., 2007) to further elu-
cidate how manipulating the intrinsic qualities of words, as
well as the value of to-be-remembered and to-be-forgot-
ten information, influences remembering and forgetting.
Specifically, although animacy, emotionality, concreteness,
frequency, and length can influence remembering and for-
getting, the effects of value on remembering (see Knowl-
ton & Castel, 2021; Madan, 2017) may reduce this effect
as learners tend to prioritise value over other cues (e.g.,
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Murphy et al.,, 2021). Additionally, the effects of these vari-
ables may be different if the cue is presented during or
before the word is presented, as that may then guide
more goal-driven processes to ignore to-be-forgotten
words, and this may be more difficult for words that are
influenced by variables that may be more difficult to
ignore.

While we believe that the effects of word characteristics
on item-method directed forgetting are largely driven by
selective encoding processes, future work could examine
whether the impact of stimulus properties differentially
affects words as a function of the amount of rehearsal
dedicated to each word. For example, future research
could compare the present findings to a procedure in
which some words are more rehearsed than others such
as providing participants more study time for some
words or a procedure that includes changing one’s
mental context or encourages mind wandering on a
subset of the trials.

In sum, the present study revealed that while certain
characteristics of presented information influence remem-
bering, they generally do not impact directed forgetting.
Specifically, animacy, emotionality, concreteness, fre-
quency, and length predicted recall for both to-be-
remembered and to-be-forgotten words, but font size
did not significantly predict recall. The present work
shows how intrinsic qualities of information can
influence learners’ ability to both selectively remember
and as well as intentionally forget information, suggesting
that similar principles may apply to encoding as well as
the wilful forgetting of target information, which may
have important implications for clinical treatments and
consumer behaviour. For example, consumers may need
to be wary of certain stimulus characteristics, as when
given information turns out to be from an unreputable
source, fabricated, or false, this information may be
more difficult to forget and could subsequently
influence beliefs and decision making. In contrast, if the
goal is to enhance memory for information, important
information should be presented using animate items,
emotionally valenced, concrete, highly frequent, and
short terminology. Given the results from the present
work, these may be useful future directions to examine
in an applied context.

Notes

1. Animate items consisted of various animals while inanimate
items included clothing, furniture, instruments, and tools.
Stimuli were taken from VanArsdall and Blunt (2021); they pro-
vided scores for each word in terms of being alive, the ability
to think, and the ability to move and we calculated a compo-
site score for each word and these values were used to create
the word lists.

2. In addition to subject-level analyses, we also computed item-
analyses in each experiment. Although not reported in the
present manuscript, these results generally corroborated the
subject-level analyses.
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