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The role of prior familiarisation and meaningfulness of verbal and visual 
stimuli on directed forgetting
Yi-Pei Loa, Huiyu Dinga, Jonathon Whitlocka and Lili Sahakyana,b

aDepartment of Psychology, University of Illinois at Urbana-Champaign, Champaign, IL, USA; bBeckman Institute for Advanced Science and 
Technology, University of Illinois at Urbana-Champaign, Champaign, IL, USA

ABSTRACT  
Intentional forgetting of unwanted information is a crucial cognitive function that is often 
studied with directed forgetting (DF) procedure, whereby cuing some study materials with 
Forget (F) instruction impairs their memory compared to cuing with Remember (R) 
instruction. This study investigates how the nature of information (verbal or pictorial), its 
semantic significance (meaningful or meaningless), and the degree of prior episodic 
familiarity influence DF. Before the DF phase, stimuli were familiarised by pre-exposing them 
0, 2, or 6 times in a prior preview phase. Finally, memory for all items was assessed with old/ 
new recognition test. Experiment 1 employed words, Experiment 2 utilised fractal images, 
Experiment 3 featured both meaningful and meaningless object images, and Experiment 4 
used words and nonwords. Our results indicate that materials that produced better memory 
performance are not always harder to intentionally forget. Previewed items showed reduced 
DF compared to non-previewed items regardless of the nature of information, and 
meaningless stimuli are challenging to intentionally forget regardless of their degrees of 
familiarisation unless they are meaningless verbal materials. Collectively, the results highlight 
the importance of joint consideration of the stimulus format, its meaningfulness, and its 
episodic familiarity in understanding conditions that interact with intentional forgetting.
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We encounter enormous amounts of information in our 
daily lives, some of which is routine and familiar, and 
some that is novel. Not all information is worth maintain
ing in mind, and it may even be beneficial to forget 
some unimportant, irrelevant, or painful memories. The 
ability to intentionally forget unwanted information is a 
desired cognitive function because it benefits the 
efficiency of information processing (Bjork, 2011). One of 
the established laboratory paradigms for examining the 
control of unwanted memories is the directed forgetting 
(DF) procedure (Bjork et al., 1968). The current paper 
focuses on the item-method variant of DF, in which partici
pants are presented with information to study for a sub
sequent memory test, and the presentation of each item 
is subsequently followed by a forget (F) or remember (R) 
cue. The typical findings demonstrate impaired memory 
for F-items compared to R-items, referred to as the DF 
effect, and the results generalise to various memory 
tests, and they emerge with a variety of stimuli (Basden 
& Basden, 1998; Bjork et al., 1998; Macleod, 1999; Sahak
yan, 2024).

The theories proposed to explain the DF effect broadly 
construed focus on the upregulation of R-items or the 
downregulation of F-items. According to the Selective 

Rehearsal Account (Basden et al., 1993; Bjork, 1970; 
Macleod, 1999), R-items continue to receive rehearsal 
after the presentation of the cue, whereas rehearsal termi
nates for the F-items resulting in impoverished memory for 
F-items. Thus, the rehearsal account explains the emer
gence of the DF effect as the enhancement of R-items, 
whereas F-items passively decay in memory due to the 
lack of rehearsal. In contrast, other accounts propose 
that additional processes operate on F-items either by 
directly suppressing their representations in memory 
(Active Inhibitory Account) (Fawcett & Taylor, 2008, 2010, 
2012; Fellner et al., 2020; Hauswald & Kissler, 2008; Lee, 
2013; Ludowig et al., 2010; Nowicka et al., 2011; Oberauer, 
2018; Oehrn et al., 2018; Paz-Caballero, 2004; Reber et al., 
2002; Rizio & Dennis, 2013; Van Hooff & Ford, 2011), or 
by separating them from their encoding context (Context 
Unbinding Account) (Chiu et al., 2021; Whitlock et al., 
2020). Multiple mechanisms have been shown to contrib
ute to DF, as independently confirmed by behavioural data 
from participants’ strategy reports indicating that different 
participants engage one or the other type of strategy to 
accomplish DF (Sahakyan, 2024), as well as from electro
physiological data (Fellner et al., 2020). A combination of 
these mechanisms may ultimately provide a more 
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comprehensive understanding of the various manifes
tations of DF in different contexts and populations.

The goal of this paper is to investigate whether certain 
items can be intentionally forgotten more easily than 
others. This investigation particularly delves into factors 
such as how the level of episodic familiarity, the nature 
of information (verbal or pictorial), and its semantic signifi
cance affect intentional forgetting. Assume that you had 
repeatedly used the same password for the last year and 
now have to change it. Forgetting the old password 
would help you remember the new one better by reducing 
proactive interference. Forgetting the old password may 
be optimal in this scenario, although potentially made 
more difficult due to the password being highly familiar 
and well entrenched in our memory. Furthermore, when 
we repeatedly park in the same parking garage, we need 
to remember today’s parking location while “forgetting” 
our previous parking locations on other days. When con
sidering these distinct cases of forgetting, we may ask 
whether it is more difficult to forget highly familiar pass
words than parking spots that are unique to each day, 
when both differ in terms of familiarity and the nature of 
the information being either verbal or visual. In other 
words, what is the relationship between memory for infor
mation encountered repeatedly and the likelihood of suc
cessful DF, and how does the nature of information one is 
trying to forget affect DF?

Surprisingly, despite decades of research on DF, the 
answer to this question remains elusive. Various manipula
tions have been employed in trying to answer this ques
tion, though critically we note the inconsistency of these 
findings. The inconsistent findings in the literature may 
be partly driven by the slippery nature of memory strength 
as a construct, which is often defined circularly from 
memory performance levels, with better memory being 
attributed to stronger memories. Across different manipu
lations that affected memory performance levels, some 
studies revealed that conditions with better memory 
were associated with larger DF because the R-items ben
efitted more in the strong condition compared to F- 
items (Basden, 1996; Geiselman et al., 1985; Horton & 
Petruk, 1980), whereas others revealed smaller DF effect 
because the memory for F-items improved more than R- 
items in the strong condition (Bugelski, 1970; Dulaney 
et al., 2004; Geiselman et al., 1985; Hourihan & MacLeod, 
2008; Lee, 2013; MacLeod & Daniels, 2000), and yet other 
studies found equivalent DF in strong and weak conditions 
(Geiselman et al., 1985; Hockley et al., 2016; Metzger, 2011).

The reasons for such inconsistencies are not fully under
stood and may be driven in part by the type of processing 
manipulations performed, and/or the nature of the stimuli. 
For example, in Geiselman et al. (1985), participants were 
asked to generate synonyms (i.e., deep encoding) or gen
erate homonyms (i.e., shallow encoding) for each pre
sented word. As expected, there was overall enhanced 
memory for the deep encoding condition, but importantly, 
the DF effect was reduced for deeply encoded items 

because they were harder to forget intentionally than shal
lowly processed items (see also Dulaney et al., 2004; Lee, 
2013). However, other studies that used other depth of 
processing tasks, such as processing words depending 
on either their structural, phonemic, or semantic qualities, 
found that deeply encoded items showed enhanced DF 
rather than reduced DF compared to shallowly encoded 
items, because R-cued words benefited much more than 
F-cued words from deeper processing versus shallow pro
cessing (Horton & Petruk, 1980; Wetzel, 1975). Thus, 
findings on how depth of processing influences DF are 
inconsistent.

Likewise, study time manipulations influence memory 
performance with longer study duration improving overall 
memory, but the effect of study time on DF has also pro
duced divergent results, with several studies finding no 
effect of study time on the DF magnitude (Geiselman 
et al., 1985; Hockley et al., 2016; Metzger, 2011), whereas 
other researchers found that longer study time reduced 
the DF magnitude (Gardiner et al., 1994; Wetzel & Hunt, 
1977). Furthermore, studies that crossed DF with manipula
tions such as the generation effect (Bertsch et al., 2007; Sla
mecka & Graf, 1978), the enactment effect (Engelkamp & 
Krumnacker, 1980), and the production effect (Craik & Lock
hart, 1972) found that making items more memorable 
through generating words, reading them aloud, or perform
ing action phrases, reduced DF compared to the respective 
control conditions (Earles & Kersten, 2002; Hourihan et al., 
2009; MacLeod & Daniels, 2000; Sahakyan & Foster, 2009). 
In all of these “encoding processing manipulation” 
studies, higher memory conditions were associated with 
reduced DF because F-items benefited more than the R- 
items. At the same time, another study found that visual 
imagery resulted in a larger DF effect, by improving 
memory only for R-items, whereas the F-items had compar
able memory with and without mental imagery (Basden & 
Basden, 1996). Thus, higher memory conditions do not 
always interact with DF, and whenever they do, the direc
tion of the effect is inconsistent.

The nature of materials can also influence memory and 
impact the magnitude of DF. Although prior studies have 
obtained DF using visual stimuli (Fawcett et al., 2016; Haus
wald & Kissler, 2008; Hourihan et al., 2009; Metzger, 2011; 
Quinlan et al., 2010; Scotti & Maxcey, 2022), DF is usually 
more modest for concrete pictures (Hauswald & Kissler, 
2008; Quinlan et al., 2010; Scotti & Maxcey, 2022), faces 
(Ding et al., 2022; Metzger, 2011), and abstract unnamable 
symbols (Hourihan et al., 2009) compared to verbal 
materials in general. Nonetheless, the factors contributing 
to the decreased magnitude of DF for pictorial stimuli 
remain unclear. Specifically, it is unclear whether the 
level of memory performance (i.e., high vs. low), the 
visual nature of stimuli, and/or the meaningfulness of 
stimuli contributes to the reduced DF effect. For 
example, concrete images may show reduced DF due to 
them being visual in nature and thus better remembered 
than verbal stimuli, as suggested by the dual coding 
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hypothesis (Paivio, 1971). However, this explanation does 
not adequately account for the diminished DF observed 
with abstract symbols, which are also visual in nature but 
less meaningful than verbal stimuli (i.e., words, action 
phrases, or sentences), and in general less well remem
bered. Consequently, two potential explanations arise: 
either the visual nature of stimuli, regardless of their 
inherent meaning, is linked to reduced DF, or the mean
ingfulness of the stimuli itself impacts DF. In the latter 
case, abstract symbols could be harder to forget due to 
being semantically meaningless.

To sum up, previous literature on modulated magni
tude of DF has yielded inconsistent results, which is 
likely due to the complex interactions of stimuli format, 
encoding strategies, and semantic meaningfulness. There
fore, the purpose of our investigation was to disentangle 
how the nature of study materials and episodic familiarity 
affect DF by employing visual and verbal stimuli that were 
either meaningful or meaningless while systematically 
manipulating the repetition of these stimuli before the 
DF phase. Instead of using different processing instruc
tions to create stronger and weaker memories, we 
implemented the repeated presentation approach with 
consistent processing instruction. This method allowed 
us to enhance memory for items across different amount 
of repetition without altering the nature of the stimuli or 
requiring participants to engage in different levels of pro
cessing across items. This approach offers an advantage 
because it creates differences in memory performance 
for studied items by circumventing the complexity of pro
cesses that arise when some items are processed differ
ently than others (i.e., level of processing or other 
processing manipulations at encoding) and their potential 
interactions with DF. Importantly, we repeated some 
stimuli in a preview phase 2 or 6 times prior to subjecting 
them to the DF manipulation, whereas other stimuli were 
not shown in the preview phase at all. Doing so allowed 
manipulating episodic familiarity of to-be-forgotten infor
mation, thereby creating stronger and weaker memories 
without employing different kinds of processing strategies. 
Across a series of experiments, repetition manipulations 
were applied to meaningful verbal and pictorial stimuli 
(i.e., words and pictures of everyday objects) and to mean
ingless stimuli (i.e., fractal images, abstract shapes, and 
non-words). This permitted investigating whether mean
ingful information is easier to intentionally forget com
pared to meaningless information, as well as whether 
the verbal/pictorial nature of information potentially inter
acts with DF. If the level of memory performance (i.e., high 
vs. low) interacts with DF in a consistent fashion regardless 
of stimulus type (verbal vs. pictorial; meaningful vs. mean
ingless), we should observe similar effects of repetition on 
DF across all types of stimuli. However, it could also be the 
case that the success of DF varies with the meaningfulness 
of studied information, and therefore the meaningfulness 
dimension may interact with DF on its own way regardless 
of the memory performance levels.

In light of the mixed findings and the gaps identified in 
the literature, this study seeks to address several questions: 
(1) Does the nature of the information (verbal vs. pictorial) 
influence its susceptibility to DF? (2) Does the meaningful
ness of the information impact the DF effect? (3) Does prior 
familiarity with to-be-forgotten information affect the 
success of DF, and if so, how does the degree of familiarity 
influence DF? By examining these dimensions, we aim to 
provide clarity on the conditions that facilitate or hinder 
DF, offering a more nuanced understanding of the inter
play between memory performance levels, nature of 
stimuli, and their meaningfulness on the DF effect.

Experiment 1

The purpose of Experiment 1 was to examine how episodic 
familiarisation manipulated via objective repetitions 
affects the magnitude of item-method DF. The presented 
stimuli involved English words. There was an initial 
preview phase of the experiment in which half of the 
studied items were presented prior to the DF phase. Half 
of the items presented in the preview phase were pre
sented twice whereas the other half were presented six 
times. All items in the preview phase were then presented 
in the DF phase along with an equal number of novel (i.e., 
non-studied) items.

Method

Participants

Participants were 160 undergraduates from UIUC, who 
received course credit for participation. All data were col
lected online. An a priori power analysis was conducted 
using G*Power version 3.1.9.6 (Faul et al., 2007) to deter
mine the minimum sample size required. Results indicated 
the required sample size to achieve 80% power for detect
ing the smallest effect size ( f = 0.15) that we were inter
ested in, at an alpha level of .05, was N = 90 for the 
repeated-measures ANOVA analysis. All reported exper
iments exceeded the required sample size. No participants 
were excluded in any of the reported experiments.

Stimuli

The stimuli involved 160 medium frequency words 
selected from the MRC Psycholinguistic Database 
(Coltheart, 1981), with an average Kucera-Francis fre
quency score of M = 50.03 (SD = 13.53). The words were 
5–7 letters long (M = 6.06, SD = 0.80). The study was pro
grammed using PsychoPy (Peirce et al., 2019) and hosted 
by Pavlovia (Bridges et al., 2020).

Procedure

The experiment had three phases: a preview phase, a DF 
phase, and an old/new recognition test. The order of 
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item presentations was randomised within all three 
phases. During the preview phase, participants were pre
sented with forty unique words one at a time on a compu
ter screen at a rate of 1.5 s per word, with a 1 s ISI between 
trials. Half of the words were presented in uppercase, and 
the other half were in lowercase. Participants were told 
that the preview phase was intended to help them fam
iliarise with some words, and their task was to indicate if 
the word was in upper or lowercase using keyboard 
buttons. The purpose of the categorisation task in the 
preview phase was to ensure that participants paid atten
tion to and processed the presented stimuli. By the end of 
the preview phase, half of the items were presented twice, 
and the other half were presented six times.

After the preview phase, participants underwent an 
item-method DF phase. They were presented with 80 
words, each appearing on the screen for 1.5 s, followed 
by a Remember or a Forget memory cue for 3 s, with a 1 
s ISI between trials. Participants were instructed that a 
Remember cue meant that the word would be tested, 
and they should keep that word in mind and memorise 
it, whereas a Forget cue meant that the word would not 
be on the test, so they should try to forget it. Out of 80 
study words, 40 had appeared in the preview phase, and 
their letter case was preserved to be the same in the DF 
phase. The remaining 40 words were shown for the first 
time during the DF phase, half in upper and half in lower
case. Therefore, by the end of the DF phase, studied items 
included words that appeared once (non-previewed 
items), three times (twice previewed items), and seven 
times (six-time previewed items).

Immediately after the DF phase, participants completed 
a self-paced old/new recognition task in which they were 
presented with 160 words, containing 80 old words and 
80 new words. Out of 80 old words that had appeared in 
the DF phase, half were non-previewed (40) and half 
were previewed either twice (20) or six times (20). All old 
words were presented in the same letter case as shown 
in the Preview and DF phases. Half of the new words 
(40) were in uppercase, and half (40) were presented in 

lowercase. Participants were instructed to endorse all 
words they remember seeing previously as “old”, regard
less of whether the word was followed by a remember 
or a forget cue, and to endorse the words they did not 
remember seeing in the experiment as “new” items. 
Responses were made by pressing keyboard buttons, 
either “z” for old or “m” for new. The assignment of 
words to Remember, Forget, and lure conditions, as well 
as assignments of times of repetitions in the preview 
phase, were fully counterbalanced.

Results & discussion

Recognition accuracy (d’ scores) was calculated after hits 
and false alarms were transformed using a loglinear correc
tion (Hautus, 1995; Stanislaw & Todorov, 1999). Hits and 
false alarm rates for this and the following experiments 
are reported in the Appendix. Recognition accuracy was 
first analysed using repeated-measures analysis of variance 
(ANOVA), with Familiarisation (previewed vs. non-pre
viewed) x Cue (remember vs. forget) as factors to assess 
the effect of familiarisation on DF (visualised in Figure 1, 
left panel). The second analysis was aimed at assessing 
the effect of level of familiarisation on DF by performing 
Preview (twice vs. six times) x Cue (remember vs. forget) 
repeated-measures ANOVA (visualised in Figure 2, right 
panel). In both analyses, the number of items was there
fore equated across previewed vs. non-previewed con
ditions, and across twice- vs. six-times preview conditions.

There was a significant main effect of Familiarisation, 
confirming that the overall accuracy was better for pre
viewed items (M = 1.22, SD = 0.88) compared to non-pre
viewed items (M = 1.03, SD = 0.79), F(1, 159) = 26.22, MSE  
= 0.30, p < .001. There was also a significant main effect 
of Cue, indicating that Remember-cued words were recog
nised better (M = 1.33, SD = 0.92) compared to Forget-cued 
words (M = 0.98, SD = 0.74), F(1, 159) = 89.65, MSE = 0.34, p  
< .001, indicating a DF effect. Importantly, there was a sig
nificant Familiarisation x Cue interaction, F(1, 159) = 11.48, 
MSE = 0.11, p < .001. Follow-up tests showed impaired 

Figure 1. Recognition accuracy (d’) as a function of Familiarisation and Cue (left panel) and as a function of Preview and Cue (right panel) in Experiment 1. 
Error bars represent the standard error of the mean.
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recognition for the Forget compared to the Remember 
condition for both non-previewed words, t(159) = 10.81, 
p < .001, dz = 0.85, and previewed words, t(159) = 7.66, p  
< .001, dz = 0.42. Although the DF effect was significant 
in both conditions, it was substantially reduced in the pre
viewed condition because the F-items benefited more 
from familiarisation, t(159) = 5.93, p < .001, dz = 0.47, com
pared to the R-items, t(159) = 2.69, p < .05, dz = 0.21. In 
other words, it was more difficult to intentionally forget 
meaningful information that was familiar compared to 
unfamiliar.

To examine more specifically how the degree of fam
iliarisation affects the magnitude of DF, Preview (twice 
vs. six times) x Cue (remember vs. forget) repeated 
ANOVA was conducted among previewed items. Results 
revealed a significant effect of Preview, confirming that 
overall recognition was higher for six times previewed 
items (M = 1.35, SD = 0.91) compared to twice previewed 
items (M = 1.09, SD = 0.83), F(1, 159) = 63.34, MSE = 0.17, 
p < .001. There was also a significant main effect of Cue, 
F(1, 159) = 48.03, MSE = 0.31, p < .001, indicating an 
overall DF effect. There was no interaction between 
Preview and Cue, suggesting that the DF magnitude did 
not differ between twice previewed words and six times 
previewed words, F(1, 159) = .09, MSE = 0.11, p = .77. Baye
sian analysis (BF10 = 0.074) indicated the findings were 
13.55 times more likely to be observed under a model 
that assumes there is no interaction between Preview 
and Cue than under a model that assumes there is a signifi
cant interaction between Preview and Cue.

In summary, previously familiarised verbal stimuli 
(achieved through objective repetitions) were overall 
better remembered than non-familiarised stimuli, confi
rming that repetition improved memory performance. Fur
thermore, previously familiarised stimuli became harder 
(but not impossible) to intentionally forget compared to 
less familiarised meaningful verbal materials. Interestingly, 
the degree of episodic familiarity did not appear to interact 
with DF effect, with the same magnitude of DF being 

observed for twice as six times previewed items. Thus, fam
iliarisation hindered the ability to intentionally forget that 
item to some extent, but once an item had been famil
iarised, additional degree of familiarisation did not make 
that item completely immune to DF in the current study.

Experiment 2

Previous literature suggests the DF effect is more modest 
for visual stimuli than verbal stimuli (Hauswald & Kissler, 
2008; Hourihan et al., 2009; Metzger, 2011; Quinlan et al., 
2010). For example, Quinlan et al. (2010) compared 
verbal and visual stimuli directly within the same exper
iment, where they equated the content of line drawings 
and words (i.e., the word APPLE and a line drawing of an 
APPLE), and the results showed reduced DF with line draw
ings compared to DF with words, along with overall better 
memory for visual stimuli (see also Hauswald & Kissler, 
2008). However, it is unclear whether the reduced DF 
effect may be driven by the visual nature of stimuli or 
higher memory performance level for pictures compared 
to words.

By using images that were completely novel, such as 
fractal images, and improving memory for these images 
through objective repetitions, Experiment 2 aimed to 
investigate the gradations of memory quality (using recog
nition accuracy as a proxy), and its effect on DF using visual 
stimuli. If the level of memory performance for studied 
items is unrelated to the size of DF for visual stimuli, we 
would anticipate obtaining a significant DF effect for 
fractal images and the same magnitude of DF effect 
across repetition conditions. In contrast, if the reduced 
DF observed in previous literature resulted from better 
memory associated with visual stimuli, we would expect 
a larger DF for non-previewed images relative to pre
viewed images (conceptually replicating Experiment 1 
findings with visual images). In summary, Experiment 2 
pursued two objectives to disentangle the quality of 
memory and the nature of stimuli on the effect of 

Figure 2. Examples of a circle shape (left) and a leaf shape (right) fractal images used in Experiment 2.
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modulated DF effect: first, to ascertain whether the DF 
effects observed in prior research with images could be 
replicated using fractal images, and second, to examine 
the impact of varying levels of memory performance on 
DF by manipulating through repetitions familiarity of the 
fractal images.

Method

Participants

Participants were 161 undergraduates from UIUC, who 
received course credit for participation. All data were col
lected online and all participants were recruited through 
the university SONA system. None of these participants 
had taken part in the Experiment 1.

Stimuli

Eighty-two colour images of fractals used in previous 
studies (Kinnell & Dennis, 2012; Osth et al., 2014) were 
used as stimuli in Experiment 2, each 600 × 400 pixels in 
size. Half of the fractals were circle-like shape, and the 
other half were leaf-like shape (see Figure 2, for examples). 
One circle fractal image and one leaf fractal image were 
used as practice examples, and the remaining 80 images 
were used as experimental stimuli.

Procedure

Procedures were very similar to Experiment 1, with a few 
exceptions. During the preview phase, participants were 
presented with a series of fractal images one at a time, 
at a rate of 3 s per image. Twenty unique fractal images 
were presented, out of which 10 were previewed twice, 
and 10 were previewed six times. Also, half of the fractals 
were circle-like, and the other half were leaf-like. To ensure 
that participants were paying attention to stimuli, they 
were told to classify each image into either a circle 
shape or a leaf shape category using keyboard buttons.

During the DF phase, participants were presented with 
40 images, half of which were followed by a Remember 
memory cue and the other half by a Forget memory cue. 
A pilot study we conducted revealed that fractals were 
more difficult to recognise than verbal stimuli, and there
fore we shortened the study list while also extending the 
presentation rate to 3 s per image to facilitate encoding. 
The remaining timing parameters were similar to Exper
iment 1. Twenty images had appeared in the preview 
phase, and the remaining 20 images were shown for the 
first time during the DF phase.

The recognition test contained 80 images, 40 of which 
had been presented in the DF phase and the other 40 were 
new items. Half of the items from the DF phase had been 
previewed either twice or six times prior to the DF phase, 
whereas the other half were only presented once in the DF 
phase only.

Results & discussion

Recognition accuracy (d’ scores) was first analysed with 
Familiarisation x Cue repeated-measures ANOVA (visual
ised in Figure 3, left panel), to assess the effects of familiar
isation on DF of meaningless visual stimuli. The second 
analysis used Preview x Cue repeated-measures ANOVA 
(visualised in Figure 3, right panel), to assess the effect of 
the level of familiarisations on DF for meaningless visual 
stimuli.

There was a significant main effect of Familiarisation, 
confirming that overall discrimination was better for pre
viewed fractal images (M = 1.09, SD = 0.75) compared to 
non-previewed fractal images (M = 0.70, SD = 0.61), F(1, 
160) = 140.27, MSE = 0.23, p < .001, confirming that rep
etition manipulation improved memory. There was 
neither a main effect of Cue, F(1, 160) = 0.18, MSE = 0.22, 
p = .67, BF10 = 0.076, nor a Familiarisation x Cue inter
action, F(1, 160) = 0.68, MSE = 0.19, p = .41, BF10 = 0.084. 
Thus, there was no DF effect with fractal images, regardless 
of whether they were familiarised in the preview phase or 
seen for the first time in the DF phase.

Figure 3. Recognition accuracy (d’) as a function of Familiarisation and Cue (left panel) and as a function of Preview and Cue (right panel) in Experiment 2. 
Error bars represent the standard error of the mean.
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To examine more specifically how familiarity affects the 
magnitude of DF, Preview (twice vs. six times) x Cue 
(remember vs. forget) repeated ANOVA was conducted 
among previewed images. Results showed a significant 
effect of Preview, confirming that overall recognition accu
racy was better for six times previewed items (M = 1.26, SD  
= 0.71), compared to twice previewed items (M = 0.91, SD  
= 0.75), F(1, 160) = 75.59, MSE = 0.26, p < .001. There was no 
main effect of Cue, F(1, 160) = 0.01, MSE = .003, p = .91, 
BF10 = 0.176, confirming the previous findings. However, 
there was a significant interaction between Preview and 
Cue, F(1, 160) = 6.09, MSE = 0.30, p = .01. Follow-up tests 
indicated that there was no DF for twice previewed 
fractal images t(160) = 1.54, p = .12, dz = 0.12, BF10 =  
0.197, but there was a marginally significant reversed DF 
effect for six times previewed fractals t(160) = 1.99, p  
= .05, dz = 0.16, BF10 = 0.329.

In summary, the results demonstrated that unlike the 
words in Experiment 1, fractal images were not susceptible 
to the DF manipulation irrespective of overall memory per
formance level. The lack of a DF effect across all levels of 
familiarity suggests that familiarity is unlikely to be a con
tributing factor to the absence of the DF effect. This con
clusion is also supported by the fact that memory 
performance level of six times previewed fractal images 
in the current study was comparable to twice previewed 
verbal materials in Experiment 1, and yet meaningful 
verbal materials showed significant DF effect in the pre
vious experiment, whereas meaningless fractal images in 
the current experiment did not show DF (if anything at 
all, DF was in the reverse direction) despite approximately 
similar memory performance levels across experiments.

Previous research with simple line drawings of everyday 
objects showed that DF can be obtained with visual 
stimuli, albeit the effect was quite modest compared to 
DF obtained with verbal labels denoting those objects 
(Quinlan et al., 2010). In Quinlan et al. (2010), the line draw
ings were meaningful and could benefit from dual coding 
(Paivio, 1971), and such stimuli produced significant DF 
despite being better remembered than corresponding 
verbal label condition in the same experiment. Overall, 
the results of the current experiment as well as those 
obtained by Quinlan et al. (2010) suggest that the mean
ingfulness of the stimuli may play an additional and pre
viously unappreciated role in DF effect. Interestingly, this 
experiment observed a reversed DF effect for fractals pre
viewed six times during the preview phase. We are not 
aware of any previous “reverse-DF effect” in the literature 
and are cautious to overinterpret this finding, given its 
marginal significance.

Experiment 3

The results from Experiment 2 revealed that fractal images 
were not susceptible to DF, even when overall memory 
increased with repetitions, with the memory performance 
in the six times repeated condition reaching the levels of 

twice-repeated verbal materials observed in Experiment 
1, where significant DF was observed. These findings 
suggest that degree of familiarity and performance level 
are unlikely to be responsible for the lack of DF with 
fractal images. The critical aspect that is different 
between words and fractal images may be their semantic 
meaningfulness, which could be a contributing factor to 
an emergence of DF with words but not fractal images.

Experiment 3 aimed to investigate the effects of seman
tic meaning on DF by using both meaningful and meaning
less visual materials. To our knowledge, this is the first 
experiment to directly contrast the effects of meaningful
ness as well as episodic familiarity on the magnitude of 
DF. Specifically, some visual stimuli involved line drawings 
of everyday objects that were meaningful to participants, 
whereas other stimuli consisted of line drawings of abstract 
shapes that were meaningless and novel. Again, we 
manipulated episodic familiarity of items by showing 
some of the to-be-studied materials in the preview phase, 
with the number of repetitions identical to those used in 
earlier experiments. Notably, similar to the previous two 
experiments, we used the term “episodic familiarisation” 
to denote the improvement in memory due to the effect 
of repetitions in the preview phase, which is distinct from 
the concept of “familiarity rating” that assesses how 
common an item is in daily life. Based on the first two exper
iments wherein we obtained a DF effect for meaningful 
stimuli but not for meaningless stimuli, we hypothesised 
that we would observe a significant DF effect with meaning
ful line drawings of everyday objects, and a reduced, if not 
negligible, DF effect for meaningless line drawings of 
abstract objects. Additionally, we anticipated a reduced 
DF effect for meaningful items after previewing, with the 
magnitude of reduction either remaining consistent for 
items previewed twice and those previewed six times (ana
logous to what was observed with meaningful words in 
Experiment 1), or the degree of familiarisation may interact 
with meaningful visual stimuli in unique ways, producing 
different magnitude of DF across repetition conditions. 
Given we obtained no DF in Experiment 2 for fractal 
images, it is likely that we would again obtain no DF with 
meaningless visual shapes, and this absence of DF would 
persist across different levels of familiarisation.

Method

Participants

There were 154 (88 men) participants recruited using 
Prolific (www.prolific.co) (Mage = 26.04, SD = 5.40). Partici
pants were compensated with $4.40 upon completion. 
All data were collected online.

Stimuli

A total of 160 images were used in Experiment 3. Eighty 
images were line drawings of daily objects that were 
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meaningful to participants, which were selected from the 
Bank of Standardised stimuli (BOSS) (Brodeur et al., 2010, 
2014). The other 80 stimuli were line drawing of objects 
designed to resemble biological organisms (“germs”) or 
mechanical devices (“machines”) that were meaningless 
to participants prior to the experiment. Half of the mean
ingless images were selected from published literature 
(Smith & Federmeier, 2020), and the other half were 
kindly created by a professional artist, who is a friend of 
the first author, Kefan Zhang (see Figure 4 for examples 
of meaningful and meaningless images).

Procedure

Procedures were very similar to Experiment 1, with a few 
exceptions. Forty unique images were presented, out of 
which 20 images were shown twice, and 20 were shown 
six times. Also, twenty were images of meaningful daily 
objects, and the other twenty were meaningless object 
images. Half of the meaningless stimuli were images of 
“germs”, and the other half were images of “machines”. 
Participants were told to classify the presented item 
according to whether the image contained any straight 
line. During the DF phase, forty images had presented in 
the preview phase, and the remaining 40 were shown 
for the first time during the DF phase. The recognition 
test contained 160 images, with 80 old items that had 
appeared in the DF phase, and 80 new items. All remaining 
parameters were similar to Experiment 1.

Results & discussion

The interplay between the effect of repetition and mean
ingfulness on DF effect was investigated by using Familiar
isation (previewed vs. non-previewed) x Cue (remember 
vs. forget) x Stimulus Type (meaningful vs. meaningless) 
repeated-measures ANOVA on recognition accuracy (d’ 
scores). Different false alarm rates were used to calculate 
d’ scores for meaningful and meaningless items respect
ively. To further examine the influence of degree of famili
arity on DF, recognition accuracy was also analysed using 
Preview (twice vs. six times) x Cue (forget vs. remember) x 

Stimulus Type (meaningful vs. meaningless) repeated- 
measures ANOVA.

There was a significant main effect of Familiarisation, 
indicating that overall accuracy was higher for previewed 
images (M = 1.86, SD = 0.97) compared to non-previewed 
images (M = 1.20, SD = 0.95), F(1, 153) = 396.38, MSE =  
0.45, p < .001, confirming that repetition improved 
overall memory. There was also a significant main effect 
of Stimulus Type, F(1, 153) = 556.62, MSE = 459.81, p  
< .001, indicating that meaningful object images were 
better recognised (M = 2.13, SD = 0.93) than meaningless 
object images (M = 1.13, SD = 0.82). No main effect of 
Cue was observed, F(1, 153) = 0.86, MSE = 0.15, p = .36, 
BF10 = 0.450. However, there was a significant Cue x Fam
iliarisation interaction, F(1, 153) = 16.02, MSE = 0.16, p  
< .001 (see Figure 5, left panel). Follow-up tests showed 
a significant DF effect for non-previewed images, t(153)  
= 3.69, p < .001, dz = 0.30, but no significant DF for 
images that were presented in the preview phase, t(153)  
= 1.56, p = .12, dz = 0.13, BF10 = 0.061. These findings 
confirm the previous experiments, demonstrating that 
familiarisation reduced the DF effect. Also, there was a sig
nificant Cue x Stimulus Type interaction, F(1, 153) = 3.94, 
MSE = 0.17, p = .049 (see Figure 5, right panel). Follow-up 
tests showed a significant DF effect for meaningful daily 
objects, t(153) = 2.25, p = .03, dz = 0.18, but no DF for 
meaningless visual stimuli, t(153) = 0.70, p = .49, dz = 0.06, 
BF10 = 0.041. These results suggest that meaningfulness 
of the study materials also affects DF in that meaningful 
visual stimuli were susceptible to DF, whereas meaningless 
stimuli were not. Finally, there was a significant Familiaris
ation x Stimulus Type interaction, F(1, 153) = 9.27, MSE =  
0.25, p = .003 (see Figure 6). Follow-up tests showed that 
previewing improved memory for both meaningful daily 
object images, t(153) = 16.30, p < .001, dz = 0.63, and for 
meaningless object images, t(153) = 15.6, p < .001, dz =  
1.26, but memory for meaningless object images 
benefited more from episodic familiarisation compared 
to meaningful everyday objects. There was no 3-way inter
action, F(1, 153) = 0.04, MSE = 0.19, p = .85, BF10 = 0.095.

The results revealed a complex interplay between epi
sodic familiarisation and stimulus type in the DF effect. 
The findings showed that overall recognition was better 

Figure 4. Examples of meaningless (left and middle figure) and meaningful (right figure) visual stimuli used in Experiment 3. The left figure is an image of a 
“germ”, the middle figure is an image of a “machine”, and the right figure is an image of a familiar everyday object.

8 Y.-P. LO ET AL.



for previewed compared to non-previewed images, and it 
was also better for meaningful daily object images than 
meaningless object images. Moreover, familiarisation 
reduced the DF effect, with a significant DF effect for 
non-previewed images and no DF effect for images that 
were presented in the preview phase. This finding 
confirms the results of Experiment 1 and highlights the 
role of familiarisation in modulating the DF effect. Impor
tantly, meaningfulness dimension also modulated the DF 
effect, with meaningless items being immune to DF com
pared to meaningful stimuli. The absence of the 3-way 
interaction suggests that the effects of familiarisation 
and meaningfulness on DF were independent of each 
other, with each of these dimensions reducing DF regard
less of the other dimension.

Note, that contrary to the reduced yet significant DF 
effect for previewed words observed in Experiment 1, 
visual stimuli in the current experiment (combined 
across the meaning dimension) did not demonstrate any 
DF in the previewed condition. This could be driven by 
the fact that DF with words produced a large size DF 
effect in the non-previewed condition (consistent with 

established literature in DF), and previewing manipulation 
reduced the large size effect to a medium size effect. In 
contrast, visual stimuli produced small-to-medium effect 
size DF in the non-previewed condition (again, consistent 
with prior literature), making it more susceptible to elimin
ation through previewing manipulation. Thus, the differ
ence in the magnitude of the DF effect between verbal 
and visual items could explain why previewing did not 
eliminate DF with words, but eliminated it with visual 
materials.

It is also worth noting that although meaningless 
images were overall recognised worse than meaningful 
images in the non-previewed condition, repeating mean
ingless objects six times in the preview phase brought 
their memory up to the levels comparable to non-pre
viewed meaningful stimuli, and yet meaningless stimuli 
did not show DF, suggesting that episodic familiarisation 
and meaningfulness of stimuli independently influence 
DF. Nevertheless, while previewing led to a reduction in 
DF, the level of recognition performance did not have a 
differential impact on the efficacy of the DF manipulation 
between meaningful and meaningless images, given that 
there was no 3-way interaction.

In the succeeding analysis, we focused exclusively on 
previewed items, with the objective of examining how 
different levels of episodic familiarisation affected the 
magnitude of DF of meaningful and meaningless stimuli. 
Preview x Cue x Stimulus Type repeated-measures 
ANOVA analysis was conducted. The results showed a sig
nificant main effect of Preview, F(1, 153) = 83.89, MSE =  
0.26, p < .001, confirming that overall recognition was 
better for six times previewed images (M = 1.99, SD =  
0.93) compared to twice previewed images (M = 1.72, SD  
= 1.00). Again, there was a significant main effect of Stimu
lus Type, F(1, 153) = 494.82, MSE = 0.68, p < .001, indicating 
better recognition for meaningful stimuli (M = 2.38, SD =  
0.81) than meaningless stimuli (M = 1.33, SD = 0.93). 
There was no main effect of Cue, F(1, 153) = 2.44, MSE =  
0.38, p = .12, BF10 = 0.060. None of the two-way 

Figure 5. Recognition accuracy (d’) as a function of Familiarisation and Cue (left panel) and as a function of Stimulus and Cue (right panel) in Experiment 3. 
Error bars represent the standard error of the mean.

Figure 6. Recognition accuracy (d’) as a function of Familiarisation and 
Stimulus Type in Experiment 3. Error bars represent the standard error of 
the mean.
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interactions were significant (Preview x Cue interaction, F 
(1, 153) = 3.55, MSE = 0.58, p = .06, BF10 = 0.141; Stimulus 
Type x Cue interaction, F(1, 153) = 2.97, MSE = 0.51, p  
= .09, BF10 = 0.151; Preview x Stimulus Type interaction, F 
(1, 153) = 0.007, MSE = 0.001, p = .93, BF10 = 0.058). 
However, there was a significant 3-way interaction, F(1, 
153) = 5.45, MSE = 0.18, p = .02.

To follow-up the interaction, we performed repeated- 
measures ANOVAs for meaningful stimuli and meaningless 
stimuli separately, using Cue and Preview as variables. The 
results showed that there was a significant Cue x Preview 
interaction for meaningless object stimuli, F(1, 153) = 7.10, 
MSE = 0.21, p < .009 (Figure 7, right panel), but not for 
meaningful stimuli, F(1, 153) = 0.20, MSE = 0.13, p = .65, 
BF10 = 0.070. (Figure 7, left panel). Follow-up tests indi
cated that, for meaningless visual stimuli, there was a sig
nificant reversed DF for twice previewed items, t(153) =  
3.20, p = .002, dz = 0.26, meaning that participants were 
more likely to recognise those meaningless objects that 
were followed by a Forget cue compared to those that 
were followed by a Remember cue. No DF was observed 
for six times previewed meaningless visual stimuli, t(153)  
= 0.48, p = .63, dz = 0.04, BF10 = 0.053.

To summarise, among previewed items, the level of 
familiarisation and the meaningfulness of the stimuli 
influenced the effectiveness of DF manipulation. Memory 
for previewed meaningful visual stimuli is not intentionally 
forgettable, at least for an immediate recognition test. 
When the stimuli were meaningless images, we again 
observed a reversed DF effect. Notably, this reversed 
effect was only apparent with objects that had been pre
viewed twice, but not for six times previewed objects. 
This suggests that a certain degree of familiarisation with 
meaningless visual stimuli might result in a reversed DF 
effect.

In the current experiment, our aim was to clarify the 
influence of two factors on the DF effect, specifically the 
meaningfulness of visual stimuli and the degree of episo
dic familiarisation. Replicating findings from previous 

experiments, we observed DF for meaningful stimuli but 
not for meaningless stimuli. Furthermore, increasing the 
degree of episodic familiarisation prior to the DF phase 
negated the DF effect for all previewed line drawings. 
Therefore, our results indicate that both the meaningful
ness of stimuli and episodic familiarisation independently 
influence the magnitude of the DF effect.

Experiment 4

The outcomes of the previous experiments suggest that 
both the meaningfulness of stimuli and episodic familiarity 
independently influence the magnitude of DF. This was 
evident as DF effects were only observed with meaningful 
stimuli, such as daily object images (Experiment 3) and 
words (Experiment 1), whereas they were absent with 
meaningless stimuli such as fractals (Experiment 2) and 
abstract object images (Experiment 3).

In the case of meaningful stimuli, episodic familiaris
ation prior to the DF phase reduced the size of DF. More 
specifically, DF was less effective for previewed items com
pared to those not previewed. However, further boosting 
memory performance via additional repetitions (pre
viewed six times) only increased the overall memory but 
did not further diminish the DF effect in comparison to 
items previewed twice. The meaningless visual stimuli 
such as fractal images (Experiment 2) and abstract object 
images (Experiment 3) did not show any DF effect, and 
in some cases, a reversed DF effect was observed.

In Experiment 3, the DF effect was compared between 
meaningful and meaningless visual stimuli. The outcomes 
suggested that participants were only able to intentionally 
forget unfamiliar (i.e., not previewed) meaningful visual 
items but not unfamiliar meaningless items. Notably that 
even when meaningless items were made familiar 
through multiple repetitions and achieved recognition 
accuracy comparable to non-previewed meaningful 
images, there was still no DF effect for those previewed 
meaningless images, indicating that for visual stimuli, DF 

Figure 7. Recognition accuracy (d’) of as a function of Preview and Cue for previewed items (left panel: meaningful stimuli; right panel: meaningless 
stimuli) in Experiment 3. Error bars represent the standard error of the mean.
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is contingent on the meaningfulness of the stimuli, and 
that meaningless stimuli of comparable memory perform
ance levels are nevertheless immune to DF.

Experiment 4 aims to extend these findings into the 
verbal domain, because the impact of semantic meaning 
could differ between verbal and visual information, and 
given that majority of DF research involves verbal infor
mation, it is important to examine how meaningfulness 
and episodic familiarity influence DF in verbally meaning
ful and meaningless stimuli.

Participants

Participants were 112 undergraduates from UIUC, who 
received course credit for participation. All data was col
lected in person, in Fall of 2022.

Stimuli

There were 160 verbal stimuli used in Experiment 4, includ
ing 80 medium frequency words and 80 nonwords. The 
words were 5–7 letters long (M = 6.15, SD = .80), selected 
from the MRC Psycholinguistic Database (Coltheart, 
1981), with an average Kucera-Francis frequency score of 
M = 50.16 (SD = 13.48).

Nonwords were selected from the ARC Nonword Data
base (Rastle et al., 2002). The number of letters has the 
same criteria as for the word selection criteria (M = 6.39, 
SD = .70). To select nonword stimuli that looked more 
word-like (as opposed to a random string of letters), we 
selected only nonwords with orthographically existing 
onsets and orthographically existing bodies, and restricted 
the number of orthographic neighbours and phonological 
neighbours to zero to minimise the probability of associat
ing the nonwords with existing words. These restrictions 
produced a set of nonword stimuli that lacked meaning 
while being verbal in nature (e.g., cralph, juths, splauve).

Procedure

Procedures were similar to Experiment 3, with an excep
tion that in lieu of meaningful and meaningless object 
images, we used words and nonwords as verbal stimuli. 
Given the verbal nature of stimuli, the orienting instruction 
in the preview task was the same as Experiment 1 (judging 
uper or lower case).

Results & discussion

To investigate how episodic familiarisation and meaning
fulness of verbal stimuli influence the DF effect, recog
nition accuracy (d’ scores) was analysed using 
Familiarisation (previewed vs. non-previewed) x Cue 
(remember vs. forget) x Stimulus Type (meaningful vs. 
meaningless) repeated-measures ANOVA. Different false 
alarm rates were used to calculate d’ scores for meaningful 
and meaningless items respectively. Similar to previous 

experiments, we further explored how varying degrees 
of familiarity and meaningfulness impacted DF by analys
ing recognition accuracy using a Preview (twice vs. six 
times) x Cue (remember x forget) x Stimulus Type (mean
ingful x meaningless) repeated-measures ANOVA.

A Familiarisation x Cue x Stimulus Type repeated- 
measures ANOVA showed a significant main effect of Fam
iliarisation, confirming that overall accuracy was better for 
previewed items (M = 1.37, SD = 0.82) compared to non- 
previewed items (M = 0.99, SD = 0.74), F(1, 111) = 167.33, 
MSE = 0.27, p < .001. There was also a significant main 
effect of Stimulus Type, F(1, 111) = 91.94, MSE = 0.32, p  
< .001, indicating that words were recognised better (M  
= 1.49, SD = 0.83) than nonwords (M = 1.00, SD = 0.72). In 
addition, there was a significant effect of Cue, F(1, 111) =  
30.71, MSE = 0.32, p < .001, indicating that R-items (M =  
1.34, SD = 0.85) were recognised better compared to F- 
items (M = 1.16, SD = 0.77). Moreover, results showed a sig
nificant Cue x Familiarisation interaction, F(1, 111) = 4.04, 
MSE = 0.17, p = .047 (see Figure 8, left panel). This inter
action indicated that although there was a significant DF 
effect for both non-previewed stimuli, t(111) = 4.91, p  
< .001, dz = 0.46, and previewed stimuli, t(111) = 4.35, p  
< .001, dz = 0.41, the DF effect was smaller for previewed 
items than non-previewed items, because F-items 
benefited more from previewing, t(111) = 11.1, p < .001, 
dz = 1.05, than R-items did, t(111) = 9.11, p < .001, dz =  
0.86, consistent with previous experiments. Another 
important significant interaction emerged between Stimu
lus Type and Cue, F(1, 111) = 2.54, MSE = 0.20, p = .01 (see 
Figure 8, right panel). Follow-up analyses showed that 
although there was a significant DF effect for both 
words, t(111) = 5.34, p < .001, dz = 0.51, and nonwords, t 
(111) = 3.08, p = .003, dz = 0.29, the DF effect was smaller 
for nonwords compared to words because R-items were 
better recognised in the word than nonword condition, t 
(111) = 9.60, p < .001, dz = 0.91, compared to F-items, t 
(111) = 7.69, p < .001, dz = 0.73. Overall, these results 
confirm that meaningfulness of materials affects DF such 
that meaningful verbal materials are more susceptible to 
DF compared to meaningless nonwords. There was 
neither a Familiarisation x Stimulus Type interaction, F(1, 
111) = 6.19, MSE = 0.21, p = .11, BF10 = 0.130, nor a 3-way 
interaction, F(1, 111) = 0.001, MSE = 0.19, p = .99, BF10 =  
0.126.

Overall, the first set of analyses revealed that partici
pants had higher recognition accuracy for previewed 
than non-previewed items, as well as higher recognition 
accuracy for words than nonwords. Results also 
confirmed an overall DF effect, with R-items being better 
recognised than F-items. All of these effects were expected 
based on previous experiments. Importantly, DF was less 
effective for nonwords than words, confirming that the 
meaningfulness of stimuli affects DF, with meaningless 
stimuli showing reduced DF. Also, DF was smaller for pre
viewed than non-previewed items, indicating that verbal 
stimuli with greater familiarity due to repetitions are 
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more immune to DF compared to less familiar non- 
repeated verbal stimuli. These results confirm the 
influence of material meaningfulness and familiarity on 
DF and are consistent with prior experiment. Importantly, 
episodic familiarity and semantic meaningfulness inde
pendently affected DF, as there was no 3-way interaction, 
replicating Experiment 3 findings but using verbal stimuli.

In the following set of analysis, we focused exclusively 
on previewed items and aimed to examine whether 
different extent of prior familiarity affected DF for mean
ingful and meaningless verbal stimuli. A Preview x Cue x 
Stimulus Type repeated-measures ANOVA analysis was 
conducted on recognition accuracy of previewed items. 
The results showed a significant main effect of Preview, F 
(1, 111) = 24.92, MSE = 0.27, p < .001, confirming that 
overall recognition was better for six times previewed 
items (M = 1.46, SD = 0.84) compared to twice previewed 
items (M = 1.29, SD = 0.80). A significant main effect of 
Stimulus Type was found, F(1, 111) = 90.08, MSE = 0.68, p  
< .001, showing that words were recognised better (M =  
1.64, SD = 0.83) than nonwords (M = 1.12, SD = 0.73). Also, 
there was a significant main effect of Cue, F(1, 111) =  

18.95, MSE = 0.23, p < .001, with R-items being recognised 
better (M = 1.45, SD = 0.85) than F-items (M = 1.31, SD =  
0.79), confirming the DF effect. These findings are fully 
consistent with previous experiments. There was a signifi
cant Cue x Preview interaction, F(1, 111) = 4.54, MSE = 0.23, 
p = .03 (see Figure 9, left panel). Follow-up tests showed 
that there was a significant DF effect for twice previewed 
items, t(111) = 4.22, p < .001, dz = 0.40, but not for six 
times previewed items, t(111) = 1.77, p = .08, dz = 0.17, 
BF10 = 0.111. In addition, six times previewed items were 
better recognised than twice previewed items for both 
Remember items, t(111) = 2.32, p = .02, dz = 0.21, and 
Forget items, t(111) = 4.91, p < .001, dz = 0.46, but the F- 
items benefitted more from additional repetitions than 
R-items. There was also a Cue x Stimulus Type interaction, 
F(1, 111) = 3.87, MSE = 0.22, p = .050 (see Figure 9, right 
panel). Follow-up tests showed significant DF effects for 
words, t(111) = 3.92, p < .001, dz = 0.37, and also a signifi
cant DF effect for nonwords, t(111) = 2.15, p = .03, dz =  
0.20, with a larger DF effect for words compared to non
words. In addition, words were better recognised than 
nonwords for both Remember items, t(111) = 9.60, 

Figure 8. Recognition accuracy (d’) as a function of Familiarisation and Cue (left panel) and as a function of Stimulus Type and Cue (right panel) in Exper
iment 4. Error bars represent the standard error of the mean.

Figure 9. Recognition accuracy (d’) as a function of Preview and Cue (left panel) and as a function of Stimulus Type and Cue (right panel) for previewed 
items in Experiment 4. Error bars represent the standard error of the mean.
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p < .001, dz = 0.91, and Forget items, t(111) = 7.69, p < .001, 
dz = 0.73, but the improvement in memory was larger for 
Remember items. No Stimulus Type x Preview interaction 
was found, F(1, 111) = 0.02, MSE = 0.19, p = .90, BF10 =  
0.068. Finally, there was no 3-way interaction, F(1, 111) =  
0.02, MSE = 0.19, p = .88, BF10 = 0.136, indicating that the 
observed effects of semantic meaningfulness and the 
degree of episodic familiarisation influenced the magni
tude of DF independently and were not contingent on 
each other.

In summary, the results affirm the effectiveness of DF, 
rate of repetition, and item meaningfulness on recognition 
accuracy amongst previewed items. Our findings extended 
previous patterns observed in visual and verbal materials 
and demonstrated that both words and non-words with 
greater familiarity through repetition were more resistant 
to DF. For the first time, we observed DF in the context 
of meaningless stimuli.

General discussion

This investigation was prompted by the broad question of 
whether conditions that produce better memory impact 
DF in a consistent manner (i.e., by diminishing or enhan
cing it). The review of the literature did not yield a clear 
answer to this question because many conditions could 
affect memory performance, ranging from different pro
cessing instructions at encoding to different format/ 
nature of the study stimuli. Therefore, the aim of our inves
tigation was to uncover how format and semantic content 
of information, coupled with the level of episodic familiar
isation, interact to influence the efficacy of DF. By enhan
cing memory performance through objective repetitions 
without invoking different processing instructions at 
encoding, our studies aimed to provide a more unambigu
ous assessment of how prior exposure of an item impacts 
its later susceptibility to DF. We examined these questions 
with visual and verbal stimuli that varied in the amount of 
semantic meaning they convey.

With visual materials used in Experiments 2 and 3, our 
results showed that DF was absent when stimuli are mean
ingless. Conversely, DF was present for meaningful non- 
previewed items, but it was eliminated after being pre
viously previewed. This suggests that DF is less effective 
with more familiarised visual stimuli compared to unfami
liar visual stimuli. Additionally, there was a Cue by Stimulus 
Type interaction. DF was only effective with meaningful 
visual stimuli, but ineffective with meaningless visual 
stimuli. Neither the fractals, nor the abstract meaningless 
shapes showed any DF even in the novel, non-previewed 
condition. Among previewed stimuli, no DF was observed 
for meaningful visual images. In the case of meaningless 
previewed images, DF was either absent or occasionally 
even reversed. Note, that even after the meaningless 
stimuli had been previewed multiple times, which in 
some conditions raised their recognition accuracy levels 
comparable to the meaningful stimuli, meaningless 

stimuli nevertheless were not susceptible to DF. Collec
tively, these results suggest that the effectiveness of DF 
manipulation is independently influenced by both the 
item’s semantic meaningfulness and the extent of prior 
episodic familiarisation. Curiously, a reversed DF effect 
was observed for twice previewed meaningless images 
in Experiment 3 and a marginally significant reversed DF 
effect for six times repeated fractal images in Experiment 
2. The reasons for such reversed DF effects remain 
unclear, and to our knowledge there are no other 
reports of reversed DF in published studies. Additional 
research is needed to understand the nature of these 
findings.

When considering verbal materials, which were used in 
Experiments 1 and 4, a pattern similar to visual stimuli 
emerged: non-previewed items were more susceptible to 
DF manipulation compared to previewed items. 
However, unlike visual stimuli, verbal stimuli retained 
their susceptibility to the DF manipulation after preview
ing, albeit the effect size was substantially reduced com
pared to non-previewed verbal items. There was once 
again a Cue by Stimulus Type interaction similar to visual 
materials. Meaningful verbal materials resulted in greater 
DF than meaningless ones. However, unlike with visual 
stimuli, we obtained a DF effect with meaningless verbal 
items. With previewed stimuli, both twice and six times 
repeated verbal materials remained susceptible to DF.

There is a tentative indication that the study design 
might contribute to the effects of familiarisation on DF – 
namely, when the study list contained only meaningful 
verbal stimuli (Experiment 1), we observed a similar mag
nitude of DF for twice and six times previewed words, 
suggesting that the degree of familiarisation does not 
interact with DF. In contrast, when the study list contained 
a mixture of meaningful and meaningless verbal materials 
(Experiment 4), we observed a significant DF for twice- 
repeated verbal stimuli, but not with six times previewed 
stimuli, where DF was eliminated. Likewise, when the list 
contained only meaningless visual stimuli (Experiment 2), 
there was no DF effect with previewed materials. 
However, when the list contained a mixture of meaning
less and meaningful visual stimuli (Experiment 3), DF was 
not only absent with twice previewed stimuli, but it was 
even reversed for six times previewed materials. Published 
findings in other memory phenomena indicate that the 
study list composition interacts with encoding effects 
like generation, production, enactment, and many others 
in consistent ways (for a review, see McDaniel & Bugg, 
2008). Given that DF effect is also a phenomenon that 
emerges from processes operating during the encoding 
stage, it is possible that the list composition (mixed/pure 
lists) mediates the effects of familiarisation on DF. Collec
tively, these findings suggest the need for additional 
research on this topic.

Several DF mechanisms could be used to explain the 
reduced DF effects for meaningless visual and verbal 
materials, compared to meaningful materials, including 
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the context unbinding account, inhibitory account, and 
selective rehearsal account. The context unbinding 
theory proposes that episodic context is crucial to DF 
effectiveness (Chiu et al., 2021; for review, see Sahakyan, 
2024). Prior studies have shown that meaningful items 
bound to source information such as episodic context 
better than meaningless ones (Charness, 1976; Chase & 
Simon, 1973; Reder et al., 2006; Simon, 1974). The 
difficulty in intentionally forgetting meaningless visual 
and verbal materials may be due to a lack of encoded con
textual information, vital for DF. While the context unbind
ing account could be one mechanism explaining the 
reduced DF for meaningless stimuli, other processes are 
likely to be involved as well. Proponents of the selective 
rehearsal account could posit that the pronounced DF in 
meaningful items stems from their amenability to rehear
sal; hence, they are more easily rehearsed with the R 
instruction compared to meaningless stimuli. This logic 
could extend to explain the difference in DF between 
visual and verbal stimuli too: even though visual items 
can be rehearsed, verbal ones might be more susceptible 
to rehearsal because of its ease of verbal labelling, 
leading to a greater DF effect. The inhibition theory, con
versely, would suggest that our cognitive systems are 
better adapted to suppress meaningful items. Items 
devoid of semantic content, like fractals or nonwords, 
might resist DF instructions, since they are less exposed 
to inhibitory processes, and therefore less natural or less 
routinely encountered by our cognitive system. Indeed, 
forgetting meaningless stimuli may not serve an adaptive 
function in the same way as forgetting outdated, incorrect, 
or distressing meaningful information does. As such, it may 
not be a commonly encountered situation in daily life, thus 
it may not be an activity that participants would typically 
engage in. Furthermore, there may be some benefit to ren
dering seemingly meaningless information less suscep
tible to forgetting processes, as it may be adaptive to 
remember information until we find meaning in it. Collec
tively, all three theoretical frameworks – selective rehear
sal, inhibition, and context unbinding – can account for 
our findings on the effect meaningfulness on DF across 
the four experiments. Determining which theory better 
accounts for these findings is beyond the scope of the 
current investigation and requires additional investigation.

It should be acknowledged that the present study 
treated meaningfulness in a binary fashion – either an 
item is meaningful, or it is completely meaningless. For a 
more nuanced understanding, future studies could con
sider adopting a spectrum of meaningfulness. For 
instance, a more authentic reflection of real-life circum
stances might be achieved by using stimuli that partici
pants are vaguely aware of, but not necessarily familiar 
with. This could include music they have not listened to, 
faces they have not seen before, or locations they are 
aware of but have not visited. Another limitation of our 
current design is the inclusion of all previewed items in 
the subsequent DF phase, and therefore participants 

could use the prior exposure as a memory cue in the 
later recognition test. Specifically, if they remember 
seeing the item in the preview, they might infer it to be 
an “old” item in the recognition test. It is plausible that 
this source memory for the preview phase, rather than 
the degrees of episodic familiarisation of an item, played 
a role in attenuating the DF magnitude. To address this, 
future research using a similar design could incorporate 
items in the preview phase that do not appear in the 
later DF phase, and ask participants to only endorse 
items they remember seeing in the DF phase as old to 
eliminate potential confounding effects from source 
memory for the preview phase.

We note that some of our findings are different from 
with those reported by Hourihan et al. (2009) and 
Fawcett et al. (2016), where DF effects were observed 
with abstract visual stimuli, whereas we did not obtain 
such effects in Experiments 2 and 3. A number of factors 
might explain the reasons for these discrepancies. In Hour
ihan et al. (2009), the authors used abstract visual symbols 
and administered a delayed recognition test after 24 h 
instead of the immediate test because performance was 
at ceiling on the immediate test. The authors thereby 
obtained a significant DF with abstract visual stimuli on 
the delayed test (in Experiment 1). Recent findings indicate 
that DF is associated with accelerated rate of forgetting – 
over time, the Forget condition forgets at a faster rate 
compared to the Remember condition (Nickl & Bäuml, 
2023; Whitlock et al., 2024). This is particularly noteworthy 
in light of the findings of Whitlock et al. (2024) study, who 
intentionally set up an experiment where the DF effect was 
absent on an immediate test, but DF started to emerge 
after the delayed tests. Results from fitting of forgetting 
functions to the data confirmed that the results were 
driven by the accelerated forgetting in the Forget con
dition, akin to those reported by Nickl and Bäuml (2023). 
Therefore, significant DF with abstract stimuli after a 24- 
hour period obtained by Hourihan et al. (2009) may have 
been due to the delayed testing in that study. In their 
second experiment, Hourihan et al. (2009) used a concur
rent task during the DF phase to prevent verbal rehearsal 
(a concurrent task was also implemented by Fawcett et al. 
(2016) after Forget/Remember memory cues). Previous 
findings demonstrate that DF is more robust with 
increased cognitive load from concurrent tasks (Lee & 
Lee, 2011). Hence, the use of the concurrent task could 
have also contributed to these studies obtaining signifi
cant DF with abstract stimuli compared to our studies, 
where no concurrent tasks were used.

Another potential factor that may explain the differ
ences in findings between our studies and those in prior 
literature might be the nature of abstract stimuli used. 
Specifically, compared to the abstract stimuli used in our 
experiments (fractals and novel object stimuli), those 
used in previous research contained fewer diagnostic fea
tures to differentiate one shape from another. In contrast, 
our abstract stimuli had to be categorised during the 
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encoding phase based on their features (i.e., circles vs. leaf 
shapes for fractals in Experiment 2, or germs vs. tools for 
novel images in Experiment 3). Our images contained 
more differentiating features to permit better discrimi
nation (colours, shapes, ad-hoc categories). The similarity 
of shapes used in previous published studies likely leads 
to the recognition process relying more on retrieval of 
more specific details because there are fewer alternative 
bases for recognition, and previous research indicates 
that recognition driven by recollection (vs. pure familiarity) 
contributes to exaggerated DF effect (Sahakyan et al., 
2009). Therefore, it is plausible that the stimuli used in pre
vious research contributed to more recollection driven rec
ognition, thereby enabling DF effect to emerge with those 
types of stimuli.

Finally, differences in list length used between the 
studies could also be a factor that needs additional scru
tiny. In general, comparing the number of stimuli across 
our studies with previously published studies suggests 
that the number of stimuli we employed is unlikely to 
explain the difference in these findings. With meaningful 
verbal stimuli, prior studies use much longer lists than 
what we had employed, using up to 240 stimuli (Scholz 
et al., 2021), and nevertheless obtaining significant DF. 
Similarly, our Experiment 1, using words, employed a 
larger number of stimuli than Experiment 2 with fractals, 
and nevertheless yielded a robust DF. Admittedly, these 
are all studies involving meaningful verbal stimuli, 
whereas the lack of DF in our studies was obtained with 
meaningless stimuli, and it is possible that shorter lists 
might lead to DF effect with abstract stimuli. Although 
this could be the case, as the study by Fawcett et al. 
(2016) using fewer meaningless stimuli (15 R and 15 F) 
observed a significant DF, the recognition accuracy (calcu
lated from the reported hit rates and false alarm rates) was 
lower compared to what we obtained using longer lists, a 
pattern not consistent with list length effect. Additionally, 
this explanation appears to be less parsimonious because 
it hinges on the assumption that list length interacts with 
the meaningfulness of materials, such that it does not 
interact with meaningful stimuli (such as words) to yield 
DF, but interacts with meaningless materials (such as frac
tals) to eliminate DF. If longer list lengths in general 
prompt participants to ignore the DF instruction, then it 
is unclear a priori why the number of study stimuli 
would differentially affect the effectiveness of DF depend
ing on the nature of stimuli. This might indeed be the case, 
but it needs to be demonstrated and examined further. 
Overall, a number of critical factors could account for the 
differences between previous findings and our findings 
indicating no DF with abstract meaningless stimuli. We 
note, that our experiments recruited substantially larger 
samples, and were more powered compared to previous 
research, where critical tests often hinged on samples of 
fewer than 20 participants.

In conclusion, the results of our experiments highlight 
the crucial roles of the level of familiarity and stimulus 

type in DF. Our findings show that recognition perform
ance levels do not solely determine the magnitude of 
DF. Although episodic familiarity tends to reduce the size 
of DF, the format and the semantic meaningfulness are 
equally important when we evaluate the effectiveness of 
the DF manipulation. We observed that visual items, 
despite their higher recognition performance, yield 
reduced DF. Similarly, items familiarised through rep
etitions, which also showed higher recognition perform
ance compared to unfamiliarised items, showed reduced 
DF sizes. Conversely, words, despite their higher recog
nition performance, showed larger DF size compared to 
nonwords. The current studies highlight the importance 
of considering the format, meaningfulness, and episodic 
familiarity of stimuli to enrich our understanding of 
factors contributing to the manifestation of the DF effect.
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Appendix
Table A1.  Hit (HT) and false alarm rates (FAR) in Experiment 1 and Experiment 2.

HT FAR

M (SD) M (SD)
Non-previewed Previewed, twice Previewed, six-times

Exp. 1 (words) Remember 0.689 (0.18) 0.672 (0.20) 0.655 (0.19) 0.270 (0.17)
Forget 0.530 (0.19) 0.577 (0.20) 0.743 (0.22)

Exp. 2 (fractals) Remember 0.599 (0.18) 0.674 (0.19) 0.748 (0.20) 0.345 (0.15)
Forget 0.584 (0.17) 0.648 (0.20) 0.781 (0.16)

Table A2.  Hit (HT) and false alarm rates (FAR) in Experiment 3.

HT FAR

M (SD) M (SD)
Non-previewed Previewed, twice Previewed, six-times

Meaningful images Remember 0.622 (0.24) 0.788 (0.18) 0.860 (0.10) 0.123 (0.12)
Forget 0.579 (0.22) 0.782 (0.19) 0.866 (0.12)

Meaningless images Remember 0.589 (0.23) 0.685 (0.22) 0.796 (0.17) 0.331 (0.20)
Forget 0.561 (0.21) 0.741 (0.19) 0.796 (0.15)

Table A3.  Hit (HT) and false alarm rates (FAR) in Experiment 4.

HT FAR

M (SD) M (SD)
Non-previewed Previewed, twice Previewed, six-times

Words Remember 0.640 (0.20) 0.730 (0.21) 0.767 (0.18) 0.202 (0.14)
Forget 0.537 (0.22) 0.655 (0.21) 0.734 (0.22)

Nonwords Remember 0.658 (0.19) 0.722 (0.19) 0.754 (0.18) 0.360 (0.18)
Forget 0.593 (0.20) 0.678 (0.20) 0.750 (0.18)
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