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BRIEF REPORT

Modality-specific forgetting

Ashleigh M. Maxcey1 & Laura Janakiefski1 & Emma Megla1 & Madison Smerdell1 & Samantha Stallkamp1

# The Psychonomic Society, Inc. 2019

Abstract
A large body of literature agrees that accessing a target memory appears to trigger a difference-of-Gaussian memory activation
pulse under which the target representation is activated and categorically flanking items are suppressed and forgotten. The nature
of the underlying forgetting mechanism is far from settled, with support for several theories of forgetting. Here we argue the
debate is partly fueled by different forgetting mechanisms underlying the forgetting of different memoranda. We capitalized on
the unique aspect of the recognition-induced forgetting paradigm to test forgetting of both pictures and words in identical
recognition-practice and restudy tasks. We found that memory for pictures and words followed different patterns of forgetting.
Specifically, forgetting was retrieval specific for words, in that forgetting occurred only when words were recognized, and not
when words were merely restudied. However, forgetting was not retrieval specific for pictures, in that forgetting occurred both
when pictures were recognized as well as restudied. Further, patterns of forgetting operated along different category-level
groupings for pictures and words. Words grouped along the superordinate level were susceptible to forgetting but pictures were
not. The strength of this design is the ability to directly compare forgetting for different memoranda, establishing that patterns of
forgetting are modality specific. These findings demonstrate that the mechanisms underlying forgetting may differ as a function
of the particular memoranda, emphasizing the need for examining forgetting in long-term memory across modalities.

Keywords Visual perception .Memory . Humanmemory . Humanmemory and learning

Introduction

A fundamental assumption of human memory is that memory
representations interact (e.g., Schlichting & Preston, 2015).
This is supported, for example, in demonstrations of interfer-
ence (Kelley, Neath, & Surprenant, 2015; Konkle, Brady,
Alvarez, & Oliva, 2010a, 2010b; Koutstaal & Schacter,
1997; Raaijmakers & Jakab, 2013a, 2013b; Underwood,
1957). Access-based forgetting (i.e., recognition- and
retrieval-induced forgetting) shows that this interaction in
memory has a very particular form in which the distance of
thememory representations in psychological space determines
whether they interact (Anderson, Bjork, & Bjork, 1994;
Maxcey &Woodman, 2014). Items that are nearby one anoth-
er in category space will inhibit one another, creating inhibi-
tory surrounds in memory. In Fig. 1 we illustrate this pattern of

memory strength by showing that accessing a targeted mem-
ory triggers a difference-of-Gaussian memory activation pulse
in which the target memory is activated and flanking memo-
ries are suppressed and forgotten.

Theoretical frameworks of forgetting have described such
inhibitory surrounds in memory as being due to different un-
derlying mechanisms. Popular forgetting accounts have pro-
posed that forgetting is due to mechanisms such as moderate
activation (Detre, Natarajan, Gershman, & Norman, 2013;
Kim, Lewis-Peacock, Norman, & Turk-Browne, 2014;
Lewis-Peacock & Norman, 2014; Norman, Newman, &
Detre, 2007), competition (Raaijmakers & Jakab, 2013a,
2013b), inhibition (Anderson, 2003; Murayama, Miyatsu,
Buchli, & Storm, 2014; Storm & Levy, 2012), and context
(Jonker, Seli, & MacLeod, 2013). Why is the underlying
mechanism of forgetting unresolved?

Here we propose that different mechanisms may underlie
forgetting as a function of memoranda and task. Take, for ex-
ample, the popular forgetting phenomenon retrieval-induced
forgetting. Retrieval-induced forgetting was originally demon-
strated with words (Anderson et al., 1994), but has been shown
to generalize to a variety of materials such as visual-spatial
objects (Ciranni & Shimamura, 1999), eyewitness memories
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(Shaw, Bjork, &Handal, 1995), motormemory (Tempel, Aslan,
& Frings, 2016), and location information (Gómez-Ariza,
Fernandez, &Bajo, 2012). Given that the above-named theories
of forgetting attempt to account for retrieval-induced forgetting,
the many stimulus types susceptible to this forgetting effect may
be a liability in elucidating the underlying mechanism. This is
particularly likely because we know that memory for some
types of stimulus material is better than others, as in the picture
superiority effect, by which memory for pictures is better than
memory for words (Durso&O'Sullivan, 1983; Gehring, Toglia,
&Kimble, 1976; Hockley, 2008; Juola, Taylor, &Young, 1974;
Madigan, 1974; Nelson, Reed, &McEvoy, 1977; Nelson, Reed,
& Walling, 1976; Paivio & Csapo, 1973; Paivio, Rogers, &
Smythe, 1968; Snodgrass & Burns, 1978; Snodgrass,
Volvovitz, & Walfish, 1972; Snodgrass, Wasser, Finkelstein,
& Goldberg, 1974). This distinction in the nature of the mem-
oranda naturally suggests that the underlying mechanism re-
sponsible for the forgetting of one type of material may be
fundamentally different to another type of material.

Here we employed the recognition-induced forgetting par-
adigm (Maxcey, 2016; Maxcey & Bostic, 2015; Maxcey,
Bostic, & Maldonado, 2016; Maxcey, Glenn, & Stansberry,
2017; Maxcey & Woodman, 2014; Rugo, Tamler, Woodman,
& Maxcey, 2017) to directly test whether the nature of the
memoranda determines the forgetting mechanism. This para-
digm is divided into three phases (Fig. 2) intervened by 5-min
delay intervals. The experiment begins in the study phase
during which subjects are presented with items to remember
for a later memory test. In the second phase, subjects engage
in an old-new recognition judgment task during which they
are shown items and asked if they have ever seen that exact
image earlier in the experiment. This phase is called the prac-
tice phase because subjects are engaged in practice accessing
the target information inmemory. Finally, in the test phase, the
subjects complete an old-new recognition judgment task, an
identical task to the practice phase.

The hit rates from the old-new recognition judgment task in
the test phase are analyzed along three old object types. Target1

items were studied in the study phase, and subjects practiced
recognizing them twice in the practice phase. When memory
for target items was tested during the test phase by presenting
the target item for an old-new recognition judgment, the target
items have been seen three times earlier in the experiment.
Flanking items were shown in the study phase and were not
practiced in the practice phase, although other items from their
categorywere practiced (e.g., some vases were practiced but not
this particular vase). When flanking items are presented during
the test phase, they have only been seen once earlier in the
experiment. Baseline items belong to categories that were not
presented during the practice phase. Just like flanking items, at
test baseline items have only been seen once earlier in the ex-
periment. The signature pattern of data for recognition-induced
forgetting is reliably worse performance for flanking items rel-
ative to baseline items, measured in the test phase (Fig. 1).

An advantage to the present paradigm is that we can use
identical experimental conditions with the sole manipulation
being the nature of the memoranda. This unique advantage
allows us to directly compare memory for pictures and words
following a variety of tasks. To this end, we compared the
forgetting of visual stimuli with verbal stimuli following a rec-
ognition practice task (Experiment 1) and a novel restudy task
(Experiment 2). Previous work had not been able to assess
induced forgetting effects of visual objects using retrieval tasks,
like stem completion with words, as it is unclear how one
would measure the accuracy of retrieving a picture (Maxcey
& Woodman, 2014). The recognition-induced forgetting para-
digm was originally developed to solve this problem and ex-
amine the forgetting of pictures, hence this paradigm has not

1 Relative to our previous work, we are using revised nomenclature to refer to
object types in order to illustrate the difference-of-Gaussian shape of the re-
sults. Here we call practiced items target items and related items are called
flanking items.
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Fig. 1 Difference-of-Gaussian activation pulse triggered by accessing an object held in long-term memory
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previously employed word stimuli. Comparing across tasks,
such as existing recognition-induced forgetting studies of pic-
tures and retrieval-induced forgetting studies of words, is insuf-
ficient because even within the same modality, different types
of memory tests yield different results (Cunningham, Yassa, &
Egeth, 2015). In Experiment 1, we examined the forgetting of
words in the recognition-induced forgetting paradigm for the
first time. Experiment 1 included a picture condition. In
Experiment 2, we examined the restudy of pictures for the first
time. Experiment 2 included a word condition. If either the
recognition practice or the restudy tasks differentially affect
forgetting of visual and verbal stimuli, then different forgetting
mechanisms may account for the forgetting of different mem-
oranda. If, on the other hand, these tasks similarly impact the
forgetting of visual and verbal materials, thenmodality-specific
forgetting mechanisms need not be proposed.

Experiment 1

Methods

Participants

Subjects were The Ohio State University undergraduates
who completed the experiment in exchange for course

credit. The participants reported normal color vision and
normal or corrected-to-normal visual acuity. Informed con-
sent was obtained prior to the beginning of the experiment,
and all procedures were approved by the Institutional
Review Board.

Subjects were randomly assigned to one of two experimen-
tal conditions after informed consent was obtained: picture
recognition practice (44 subjects, mean age of 20.3 years, 26
female, 18 male) or word recognition practice (44 subjects,
mean age of 18.8 years, 19 female, 25 male).

A pilot experiment with 33 subjects was run to deter-
mine the necessary sample size (Faul, Erdfelder, Lang, &
Buchner, 2007). In the pilot experiment, the smallest effect
we measured had a dz = .76. If we wanted to have 99%
power to detect an effect equal to this with a two-tailed t-
test, we would require 34 subjects per condition, ensuring
adequate power with data from 44 subjects in each
condition.

Stimuli and apparatus

Stimuli were presented on a white background on a flat-
screened CRT moni tor us ing E-pr ime sof tware
(Schneider, Eschman, & Zuccolotto, 2012). The object
categories were either all words or all pictures, depending
on the experimental condition to which the subject was

Fig. 2 The methods for the picture condition are shown on the left and
methods for the word condition are shown on the right. In the study phase,
subjects fixated a central fixation point for 500 ms, followed by the
presentation of the stimuli for 5,000 ms, until all stimuli were
presented. The subjects were instructed to remember each item for a
later memory test. The study phase was followed by a 5-min visual
distractor task. In the second phase, half of the items from half of the
categories were again presented along with an equal number of novel
items. The subject’s task differed depending on experiment. In
Experiments 1 and 3, subjects engaged in recognition practice by
completing an old-new recognition judgment task in response to each

item (pictured in blue font here). Each old item was practiced on two
practice trials. The practice lures were items drawn from the same
categories as the practice items. In Experiment 2 subjects engaged in
restudy (not pictured here). The task of the second phase replicated the
study phase with subjects studying the words. The words were presented
for 5,000 ms each. The second phase was followed by another 5-min
visual distractor task. The test phase employed the same old-new
recognition judgment task as the second phase in Experiment 1, but
included 48 of the stimuli from the study phase (four from each of 12
categories) as well as an equal number of novel test lures from the same
categories
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assigned. The stimulus sets, shown in Table 1 and
Appendix A, consisted of 12 categories with 15 exem-
plars from each category. The specific practiced catego-
ries were counterbalanced across subjects. Subjects re-
ported whether the pictures or words were old or new
during the second recognition-practice phase and the final
test phase using a dedicated Chronos response box.
Subjects were seated approximately 80 cm from the mon-
itor in a dimly lit room. Stimuli subtended approximately
4.6° of visual angle.

Procedure

In the study phase, six exemplars from each of the 12
categories were presented in 72 total trials. Half of the
studied categories were included in the second phase.

For the six categories included in the second phase, three
old exemplars were repeated on two trials each, totaling
18 old objects presented on 36 old trials. This design
required six new exemplars from each category included
in the second phase, totaling 36 new, for a 50-50 old-new
correct response distribution. The second phase included
72 total trials. At test, memory was tested for two old
baseline items, two old target items, two old flanking
items, and six novel items drawn from the same catego-
ries totaling 72 test trials. The stimuli were sequentially
presented in all three phases, as shown in Fig. 2.

Data analysis

The primary dependent variable for recognition memory
is hit rate across the three main object types: target,

Table 1 Stimuli from word conditions in Experiments 1 and 2

Kitchen Earth Formation Bird Body Part Color Fruit

Fork Volcano Hawk Arm Red Peach

Spoon River Crow Foot Green Grape

Pan Hill Robin Head Orange Strawberry

Bowl Canyon Parrot Mouth White Mango

Mixer Glacier Dove Stomach Pink Cherry

Cup Boulder Falcon Back Brown Nectarine

Pot Lake Eagle Nose Purple Pear

Whisk Ocean Blue Jay Toe Yellow Banana

Spatula Mountain Hummingbird Eye Black Kiwi

Plate Plateau Sparrow Brain Magenta Plum

Ladle Island Owl Chest Indigo Pineapple

Blender Cliff Ostrich Knee Grey Watermelon

Tray Valley Woodpecker Ankle Tan Apple

Colander Beach Cardinal Heel Violet Blueberry

Grater Desert Sparrow Shoulder Silver Raspberry

Instrument Flower Animal Country Precious Stone Tree

Piano Lily Lion Germany Ruby Birch

Clarinet Rose Horse France Emerald Maple

Guitar Dandelion Tiger China Sapphire Palm

Violin Pansy Deer Brazil Amethyst Chestnut

Harp Orchid Mouse Australia Turquoise Fir

Banjo Iris Pig India Quartz Willow

Flute Daisy Dog Spain Diamond Evergreen

Trumpet Carnation Cat Italy Pearl Pine

Drum Tulip Bear Canada Gem Spruce

Tube Petunia Cow Russia Topaz Cedar

Horn Daffodil Duck Sweden Garnet Elm

Cello Lilac Giraffe Chile Jade Sycamore

Accordion Gardenia Elephant Austria Opal Ash

Oboe Azalea Kangaroo Iran Aquamarine Birch

Saxophone Marigold Snake Cuba Garnet Oak
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flanking, and baseline. To provide converging evidence
for hit-rate analyses, in footnotes beneath the critical com-
parisons we also report the discrimination measure, Pr,
and the associated bias measure, Br2 (Feenan &
Snodgrass, 1990). All pre-planned t-tests are accompanied
by scaled JZS Bayes factor to quantify support for the null
or alternative hypothesis (Rouder, Speckman, Sun, Morey,
& Iverson, 2009). Significant t-tests are also accompanied
by Cohen’s d measure of effect size.

Results

In the picture-recognition condition, a repeated measures
ANOVA comparing the means for baseline, flanking,
and target objects (F(2,86)=51.270, p<.001, ηp

2=.544)
indicated a reliable difference among the three object
types (Fig. 3). Memory for flanking objects (.53) was
significantly worse than memory for baseline objects
(.69, t(43)=5.72, p<.001, d=.77, scaled JZS3=17,889),
and memory for target objects (.84) was significantly
better than baseline (.69, t(43)=4.94, p<.001, d=.86,
scaled JZS=1,624).4 The significantly lower memory
for flanking objects relative to baseline objects is the
signature recognition-induced forgetting effect, replicat-
ing previous studies using this paradigm (Maxcey, 2016;
Maxcey & Bostic, 2015; Maxcey et al., 2016; Maxcey
et al., 2017; Maxcey & Woodman, 2014; Rugo et al.,
2017). These results mimic the difference-of-Gaussian
shape (Fig. 1) often shown in studies of recognition-
induced forgetting.

In the word-recognition condition, replicating the pat-
tern found with pictures, a repeated measures ANOVA
comparing the means for baseline, flanking, and target
objects (F(2,86)=14.616, p<.001, ηp

2=.255) indicated a
reliable difference among the three object types (Fig. 3).
Memory for flanking words (.72) was significantly worse
than memory for baseline words (.78, t(43)=2.46, p=.018,
d=.57, scaled JZS=2.39), and target words (.85) were sig-
nificantly better than baseline words (.78, t(43)=3.34,
p=.002, d=.57, scaled JZS=18.13).5 This demonstration
of recognition-induced forgetting of words shows that

retrieval is not the only task that leads to this type of
within-category interference and provides proof of a gen-
eral within-category interference effect that takes on the
shape of a difference-of-Gaussian function.

Discussion

We first replicated previous studies showing that recognition
practice for pictures results in recognition-induced forgetting.
Next, we showed that the recognition practice task also leads
to forgetting of words. This important ability to induce forget-
ting over different modalities in the same paradigm allows us
to use identical tasks to directly compare memory across
modalities.

Experiment 2

A critical difference among theories of forgetting is the
role of executive control. Executive control is manipu-
lated in access-based forgetting paradigms by changing
the task in the second phase from recognition practice
to restudy by instructing subjects to study the images
for a later test, an identical task to the first phase. The
logic behind this manipulation is that if forgetting of
flanking memories occurs because their suppression is
necessary to successfully retrieve the target memory,
then eliminating a memory retrieval task will also elim-
inate forgetting. This role of executive control in forget-
ting has been argued to support a variety of opposing
theories of forgetting (e.g., Anderson, 2003; Jonker
et al., 2013; Kim et al., 2014). For example, evidence
that access-based forgetting occurs when there is no
apparent reason to use executive control to suppress
memories (Kim et al., 2014) casts doubt on theories of
a direct role of executive control in access-based forget-
ting. This critical restudy manipulation has never been
implemented in the recognition-induced forgetting para-
digm. Here we tested whether pictures and words be-
have similarly when recognition practice is replaced by
restudy in the second phase.

Methods

The methods were identical to Experiment 1 with the follow-
ing exceptions.

Participants

The subjects were 88 new students from The Ohio State
University, randomly assigned to the picture-restudy condi-
tion (44 subjects, mean age of 19.2 years, 23 female, 21 male)

2 Br values greater than .5 are indicative of a liberal bias while values lower
than .5 indicate a conservative bias. When calculating Br, Pr values of 1 were
changed to .99.
3 JZS Bayes factor provides a way of quantifying support for either the null or
alternative hypothesis (Rouder et al., 2009). For example, here the alternative
hypothesis is 17,889 times more likely to be true than the null.
4 Recognition-induced forgetting for pictures replicates when using Pr, with
baseline Pr (.47) significantly higher than flanking Pr (.31), (t(43)=5.271,
p<.001, d=.74, scaled JZS=4,453 in favor of the alternative), and conservative
biases for both baseline (Br=.43) and flanking (Br=.33).
5 Recognition-induced forgetting of words replicates when using Pr. Baseline
Pr (.70) is significantly higher than flanking Pr (.65), (t(43)=2.457, p=.018,
d=.33, scaled JZS=2.38 in favor of the alternative), with conservative biases
for both baseline (Br=.25) and flanking (Br=.25).
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or the word-restudy condition (44 subjects, mean age of 20.0
years, 24 female, 20 male).

Procedure

The practice phase was replaced with a restudy phase.
In the restudy phase subjects were given the same in-
structions as the study phase. They were instructed to
remember the items for a later memory test. The items
were presented just as in the study phase, for 5 s inter-
leaved by a 500-ms fixation cross. Subjects did not
respond to the stimuli in the second phase, just as they
did not respond on each trial in the study phase.
Although the task changed in the second phase of
Experiment 2 as described above, the specific stimuli
and number of trials did not change from Experiment 1.

Results

In the picture-restudy condition, a repeated measures
ANOVA comparing the means for baseline, flanking,
and target objects (F(2,86)=100.120, p<.001, ηp

2=.700)
indicated a reliable difference among the three object
types (Fig. 4). Memory for target objects (.86) was re-
liably above baseline (.60, t(43)=10.85, p<.001, d=1.66,
scaled JZS=1.09293e+11) and memory for flanking ob-
jects (.49) was significantly below baseline (.60,
t (43 )=3 .51 , p=.001 , d= .55 , sca l ed JZS=28) . 6

Recognition-induced forgetting occurred for pictures de-
spite the subjects’ task being restudy and not recogni-
tion. This novel test of restudying pictures in the
recognition-induced forgetting paradigm demonstrates
that, in addition to previous evidence showing recogni-
tion leads to the forgetting of pictures, restudying pic-
tures also results in forgetting.

In the word-restudy condition, a repeated measures
ANOVA comparing the means for baseline, flanking,
and target objects (F(2,86)=48.911, p<.001, ηp

2=.532) in-
dicated a reliable difference among the three object types
(Fig. 4). Memory for target words (.91) was significantly
above baseline (.72, t(43)=8.88, p<.001, d=1.41, scaled
JZS=342,977,597) but memory for flanking words (.73)
was not significantly below baseline (.72, t(43)=0.66,
p=.516, scaled JZS=4.99 in favor of the null).7

Evidence that words were not forgotten during restudy
is in contrast to forgetting of pictures, which does occur
following restudy.

Discussion

Replacing recognition practice with restudy eliminated forget-
ting of words but not pictures. This difference between in-
duced forgetting of pictures and words in the same task dem-
onstrates modality-specific forgetting because here the
recognition-induced forgetting effect for words was complete-
ly eliminated.

Experiment 3

Experiments 1 and 2 have a potential confound. When
we are changing stimulus material, we are also changing
the level of categorical organization. Specifically, the
words are grouped in relation to a superordinate catego-
ry cue (e.g., color), whereas the pictures are grouped by
a basic-level category cue (e.g., vase). To rule out the
possibility that changing the level of categorical organi-
zation, not stimulus modality, is driving these results we
grouped pictures along superordinate categories (like the
word stimuli in Experiments 1 and 2) in a recognition

6 Recognition-induced forgetting following picture restudy replicates when
measuring Pr. Baseline Pr (.39) is significantly higher than flanking Pr
(.29), (t(43)=3.507, p=.001, d=.52, scaled JZS=27.81 in favor of the alterna-
tive), with conservative biases for both baseline (Br=.35) and flanking
(Br=.30).

7 The absence of recognition-induced forgetting following word restudy rep-
licates with Pr. Baseline Pr (.61) is not significantly higher than flanking Pr
(.64), (t(43)=1.262, p=.214, scaled JZS=2.92 in favor of the null), with con-
servative biases for both baseline (Br=.25) and flanking (Br=.26).
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correction applied (Morey 2008)
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practice task. If pictures are not susceptible to forgetting
when grouped at the superordinate level that words are
grouped, then the difference in forgetting of pictures
and words in Experiments 1 and 2 cannot be due to a
difference in categorical organization.

Methods

The methods were identical to Experiment 1 with the follow-
ing exceptions.

Participants

The subjects were 48 new students from The Ohio State
University (mean age of 19.0 years, 22 female, 26 male).

Stimuli

The full stimulus set consisted of 18 basic level objects
belonging to 12 superordinate categories (Appendix B).
The stimulus set was larger to add more trials to the
test phase, increasing task difficulty. Our previous stud-
ies using superordinate categories have shown very high
accuracy and no forgetting (Maxcey et al., 2017).
Although Experiment 3 here is different in a number
of ways, we increased task difficulty to increase the
likelihood of forgetting. All 18 objects were only used
in any given category if that category was practiced
because the practice phase requires the use of six novel

items for a 50/50 distribution in the old-new recognition
judgment task (Maxcey, 2016).

Procedure

In each phase, the objects were sequentially presented
below the name of the relevant superordinate category.
For example, a desk was presented below the word
“classroom” and a roll of toilet paper was presented
below the word “bathroom.”

The test phase consisted of 144 trials with 72 old items and
72 new items. The old items were all the items from the study
phase and the new items were drawn from the same superor-
dinate categories. As stated above, this change was made to
increase task difficulty in order to measure forgetting based on
pilot data.

Results

A repeated measures ANOVA comparing the means for
baseline, flanking, and target objects (F(2,94)=89.12,
p<.001, ηp

2=.65) indicated a reliable difference among
the three object types (Fig. 5). Mean hit rates for target
objects (.96) was significantly better than memory for
baseline objects (.71, t(47)=11.08, p<.001, d=.2.19,
scaled JZS=666,424,462,798 in favor of the alternative),
but flanking memories (.72) were not significantly dif-
ferent than baseline (.71, t(47)=0.30, p=.769, scaled
JZS=6.11 in favor of the null).8 The absence of
recognition-induced forgetting here demonstrates that
recognition-induced forgetting does not operate over ob-
jects grouped at the superordinate level.

Discussion

These results show that the inhibitory pulse that surrounds a
target representation in visual long-term memory does notH

it
R

at
e

.6

.7

.8

.9

1.0

Target
.96

.72

Flanking

Fig. 5 Hit rate for old objects in the test phase across object type from
Experiment 3

8 The absence of recognition-induced forgetting for pictures associated along
superordinate categories replicates when using Pr. Baseline Pr (.63) is not
significantly different than flanking Pr (.64), (t(43)=0.296, p=.769, scaled
JZS=5.88 in favor of the null), with conservative biases for both baseline
(Br=.23) and flanking (Br=.26).
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extend into superordinate-level category space following rec-
ognition practice. The identical recognition practice task with
words grouped at this same superordinate category level did,
however, lead to forgetting in Experiment 1. This dissociation
between forgetting of pictures and words supports the conclu-
sion of modality-specific forgetting.

General discussion

Here we asked whether the nature of the memoranda
determines the forgetting mechanism. To this end we
tested forgetting following recognition practice and re-
study of both pictures and words. We found that both
pictures and words were susceptible to forgetting fol-
lowing recognition practice. Next we found that only
pictures, not words, were forgotten following restudy.
Finally, we found that pictures organized at the super-
ordinate level are not forgotten following recognition
practice, even though words organized at the same cat-
egorical level are forgotten. This illustrates another key
distinction between the forgetting of pictures and words.
Specifically, the distance in category space that is sus-
ceptible to the inhibitory surround (see Fig. 1) differs
between pictures and words.

The absence of forgetting following restudy of pic-
tures is a critical distinction that should not have oc-
curred according to theories of forgetting positing a di-
rect role of executive control in access-based forgetting
(Anderson, 2003; Jonker et al., 2013; Storm & Levy,
2012). Specifically, some theories of forgetting explain
the difference-of-Gaussian shape as due to executive
control being recruited to suppress competing memories.
These theories predict that forgetting should not occur
during restudy because memory is not being accessed,
so there is no need to suppress competing memories.
However, it is possible that the difference in forgetting
following restudy of pictures and words involves sub-
jects engaging in recognition of the pictures without
instruction to do so (as in Anderson & Bell, 2001;
Dobler & Bäuml, 2013). The visually distinct nature
of pictures may trigger an episodic recollection that
does not occur with words because words have been
encountered countless times. While we cannot rule out
that subjects are engaging in a recognition task when
instructed to restudy pictures in Experiment 2, this pos-
sibility does not pose a problem for the conclusion of
modality-specific forgetting mechanisms for three main
reasons. First, if the visual detail of picture stimuli led
to additional processing of pictures relative to words in
Experiment 2, making these pictures more readily
accessed during restudy, then memory for such highly
distinct materials would be better. Contrary to this

prediction, memory for all three object types (i.e., base-
line, target, flanking) was higher for words, not pictures.
Second, Experiment 3 shows that pictures and words
grouped at the same superordinate category level are
differentially impacted by forgetting. Specifically, words
grouped at the superordinate level show recognition-
induced forgetting (Experiment 1) but pictures do not
(Experiment 3). Therefore, even if subjects are engaging
in different tasks across modalities following restudy
instructions in Experiment 2, memory for the two mem-
oranda responds differently to recognition practice when
grouped at the same superordinate level (Experiment 1
for words and Experiment 3 for pictures), a difference
that cannot be dismissed by suggesting that subjects are
engaging in a different task with pictures than words.
Third, the possibility that the nature of visual stimuli,
and the visual world in general, is richly detailed
enough that encounters with visual objects trigger dif-
ferent memory mechanisms than words, is precisely the
argument we make here of modality-specific forgetting.
If characteristics of the visual world (e.g., color) must
be removed in order to alter patterns of forgetting
(Ensor, Surprenant, & Neath, 2018), this supports the
conclusion that theories of forgetting must account for
a variety of stimulus materials, including and especially
those encountered in daily life. That is, because remov-
ing the color from visual objects is not how we encoun-
ter objects in the real world, such a test is not a good
indicator of how we forget real world visual objects.

These results promote the necessity to expand empir-
ical examination of remembering and forgetting beyond
one type of stimulus material. It is imperative that the-
ories of forgetting derived with one stimulus material
either be revised to explicitly state that they account
for the forgetting of the particular memoranda tested
or be empirically validated using each of the stimulus
materials which they claim to explain. Indeed, deriving
theories of forgetting without consideration for modality
specificity, much like the early studies of memory were
primarily conducted with only verbal material (Atkinson
& Shiffrin, 1968), impairs our ability to empirically de-
termine best practices for real-world applications across
modalities such as eyewitness testimony.
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