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Ancient as well as modern writers have promoted the idea that bizarre images enhance memory.
Research has documented bizarreness effects, with one standard technique finding that sentences
describing unusual, implausible, or bizarre scenarios are better remembered than sentences describing
plausible, every day, or common scenarios. Not surprisingly, this effect is often attributed to visual im-
agery, and the effect often referred to as the bizarre imagery effect. But the role of imagery has been
disputed even as research has found it difficult to clearly distinguish the effects of imagery from other
possible bases for the bizarreness advantage. The current experiments assessed the visual-imagery hy-
pothesis by disrupting visual imagery processes during encoding, which should reduce the bizarreness
effect if it is indeed due to imagery. Specifically, one group carried out a concurrent task that selectively
disrupted visual working memory (and visual imagery) during the encoding of sentences; a control
group encoded the sentences without distraction. Across four experiments, the distractor task was
dynamic visual noise, the spatial tapping task, and a visual span task. Each experiment found a robust
bizarreness effect that was never reduced by visuospatial distraction. Combined, meta-analytic, and
Bayesian analyses concurred with the results of the individual experiments. The results indicate little

role for visual imagery in the bizarreness effect.
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The idea that bizarre images facilitate memory has a long line-
age, appearing in the Ad Herennium, the oldest surviving Latin
book (90 B.C.E.), which emphasized the use of ridiculous or fan-
tastic images as a method to maintain memories (Ad Herennium,
cited in Yates, 1966, pp. 9-10). Modern self-help books for mem-
ory enhancement echo this ancient advice (Buzan, 1991; Lorayne
& Lucas, 1974; Lorayne, 2010), as does recent research on mem-
ory therapeutics and memory training (Dalgleish et al., 2013; Dal-
gleish & Werner-Seidler, 2014; Matzen et al., 2016).

Modern experimental research has shown that, at least under
some conditions, bizarreness can facilitate memory (Worthen,
2006). For example, in a classic experiment, McDaniel and Ein-
stein (1986) presented participants with mixed list of bizarre (e.g.,
The dog rode the bicycle down the street) and common sentences
(e.g., The dog chased the bicycle down the street), and asked them
to generate images for each sentence, rating each for vividness.
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Results revealed superior free recall for bizarre sentences over
common sentences, a result replicated in numerous studies (e.g.,
Geraci et al., 2013; Hirshman et al., 1989; McDaniel et al., 1995;
Waddill & McDaniel, 1998). Similarly, other studies have shown
that bizarre pictures (e.g., black-and-white hand-drawn images)
produce higher free recall than mundane pictures (Gounden et al.,
2017; Gounden & Nicolas, 2012; Marchal & Nicolas, 2000).

The superiority of recall for bizarre over common items has gen-
erally been attributed to visual imagery, and the effect often labeled
the bizarre imagery effect (e.g., Black et al., 2012; Campos et al.,
2008, 2009; Howe et al., 2000; Kroll et al., 1986; McDaniel & Ein-
stein, 1986; Thomas & Loftus, 2002). Furthermore, some research-
ers have argued that the bizarre imagery effect can only be
produced through instructions that induce visual imagery (Burns,
1996; Cornoldi et al., 1988; McDaniel & Einstein, 1986). For
example, McDaniel and Einstein (1986) obtained the bizarreness
effect when participants were given incidental visual imagery
instructions (generate an image for the sentence and rate it for viv-
idness) but not when they were given semantic elaboration instruc-
tions (judge the degree to which the relation among the three
underlined words in each sentence is unusual and then rate it on a
5-point scale). There is some research that supports the idea that the
bizarreness effect is eliminated when participants are asked to rely
on nonvisual encoding strategies (Burns, 1996). It has been argued
that when participants read bizarre sentences, they generate an
image of the sentence. Because participants have to put more effort
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2 BESKEN AND MULLIGAN

into generating a bizarre compared with an ordinary image, they
have better memory for those items (Wollen & Margres, 1987). For
instance, Marshall et al. (1979) asked participants to form common
and bizarre visual images from word pairs and write down the vis-
ual transformations required to produce the image. They found that
participants usually made more than one visual transformation to
form bizarre images (e.g., changing size or function of objects, giv-
ing human qualities to inanimate objects or animals), whereas com-
mon images usually only required one visual transformation
(simple interaction), confirming the notion that bizarre images
require more effort and elaboration (i.e., more mental transforma-
tions) than common images. In this version of the bizarre imagery
account, one would expect more imagery for bizarre than common
items. Another variant of the visual-imagery theories proposes that
bizarre images are more distinctive in memory compared with mun-
dane images and produce more unique images at the time of encod-
ing that also stand out during retrieval, despite similar levels of
elaboration for bizarre and mundane images. It is the distinctiveness
of the images, not the amount of elaboration, producing the higher
memory performance for bizarre than mundane items (Black et al.,
2012; Campos et al., 2009; McDaniel & Einstein, 1986).

However, the role of visual imagery in the bizarreness effect
has been a source of controversy. Some researchers have sug-
gested that visual imagery is not essential for obtaining the bizarre-
ness effect because the effect can sometimes be obtained even in
the absence of overt imagery instructions (Hirshman et al., 1989;
Weir & Richman, 1996; Worthen, 1997, 2006). Weir and Richman
(1996), for example, gave participants one of three kinds of
instructions to generate common and bizarre items from noun
pairs: (a) create a common or bizarre image using the nouns and
focus on the image; (b) write a common or bizarre sentence using
the nouns and reread the sentence until the presentation of the next
word pair; or (c) create a common or bizarre image, write a sen-
tence describing the image, and then focus on the image for the
remaining time. The bizarreness effect occurred in all groups,
regardless of the instructions. Similarly, Worthen (1997) presented
participants with bizarre and common word pairs accompanied ei-
ther by participant-generated or experimenter-provided images
under conditions that either emphasized imagery or nonimagery
encoding. The results yielded a main effect for bizarreness, regard-
less of condition, giving support to the claim that visual imagery
may not be essential for superior recall of bizarre items.

Another hint for doubting the primacy of visual imagery in the
bizarreness effect comes from imagery research. If forming mental
images is the fundamental factor in obtaining the bizarreness
effect, then it might be expected that participants with better imag-
ing skills would show an increased bizarreness effect whereas peo-
ple with poor imaging ability should show a reduced effect.
Anderson and Buyer (1994) tested this possibility by assessing
participants’ memory for bizarre and common study items, as well
as assessing their visual imagery abilities with a battery of imagery
tests. The results revealed no correlation between imagery ability
and recall, nor did participants with higher imagery capabilities
show an increased superiority for bizarre items. In fact, those who
rated images as less vivid showed a larger bizarreness effect.

On the basis of the foregoing results, some researchers have
suggested that the bizarreness effect might be driven by verbal
elaboration rather than visual imagery (Anderson & Buyer, 1994;
Hirshman et al., 1989; Kroll & Tu, 1988; Weir & Richman, 1996;

Worthen, 1997; Worthen & Deschamps, 2008). However, investi-
gating the role of visual imagery, and clearly contrasting these two
possibilities, has been challenging because most extant research
used sentences, a form of material that permits both imagery and
verbal/semantic encoding. Even when participants were asked to
generate common and bizarre images from nouns or noun pairs,
participants were typically asked to describe the image to the ex-
perimenter as a manipulation check, leading to the use of senten-
ces and potential verbal elaboration.

More specifically, the finding that nonimagery encoding
instructions may still give rise to a bizarreness effect (e.g., Hirsh-
man et al., 1989; Kroll & Tu, 1988; McDaniel & Einstein, 1989;
McDaniel et al., 1995) does not conclusively demonstrate that
imagery is not required for the effect. Participants may still spon-
taneously generate images even under encoding instructions that
do not explicitly require them (see Worthen, 1997, 2006, for dis-
cussion). For example, a participant reading the sentence The
dog rode the bicycle down the street might spontaneously gener-
ate the image of a dog on a bicycle. However, it is reasonable to
suggest that nonimagery instructions should reduce the use of
imagery during encoding compared with imagery instructions.
From the perspective of the visual-imagery hypothesis, nonima-
gery instructions should reduce the bizarreness effect even if it
does not eliminate it, which is a generally found result. There are
a few studies that found no significant reduction in the bizarre-
ness effect when imagery and nonimagery encoding instructions
were compared (e.g., Weir & Richman, 1996; Worthen, 1997),
which would appear to be stronger evidence against the imagery
hypothesis. However, some of the studies raise their own ambi-
guities. For example, in Worthen (1997), the nonimagery condi-
tion (the sentence condition) produced a bizarreness effect that
was numerically less than half the size of the bizarreness effects
from the imagery-based conditions, despite not producing a sig-
nificant interaction. Consideration of this numerical trend ren-
ders the results ambiguous in their ability to clearly refute the
imagery hypothesis.

Perhaps a better way to investigate the role of imagery in the
bizarreness effect would be to implement manipulations that
impair visual-imagery processes.! If the bizarreness effect relies
critically on visual imagery then disruption to visual imagery dur-
ing encoding should reduce the size of the effect. Alternatively, if
the bizarreness effect is unmodified by such manipulations, it
appears that visual imagery does not meaningfully contribute to

! The secondary tasks used in the current experiments originate from
research on the Baddeley and Hitch (1974; Baddeley, 2003) working
memory model that differentiates between two limited-capacity storage
systems, the phonological loop and the visuo-spatial sketchpad, along
with a central executive control mechanism. Numerous studies
motivated by this model have purported to show that these two
subsystems can be disrupted independently of one another. For example,
tasks purported to rely on the visuo-spatial sketchpad are greatly
impaired by secondary tasks that require visual or spatial processing but
much less affected by verbal or phonological secondary tasks (Logie,
1996; Logie et al., 1990). More recent research argues that the retention
of visual information is not mediated by a separate visual store (see
Morey, 2018, for review). However, for purposes of the current research,
it is important to note that distractor tasks have been identified which
selectively impair visuo-spatial information processing and visual
imagery; the current studies do not hinge on the question of separate
retention devices.
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the effect. One way to assess this is to introduce a secondary task
during encoding that selectively disrupts visual imagery and visuo-
spatial information processing. A number of such tasks have been
identified that do not also produce broad disruption to verbal proc-
essing or verbal aspects of working memory (such as the phono-
logical loop).

The current study investigates the role of visual imagery in the
bizarreness effect through a systematic investigation using second-
ary tasks that are known to disrupt visual imagery and visual
working memory. These tasks, described in detail later, included
dynamic visual noise, the spatial tapping task, and the visual span
task. Earlier studies have tried to assess the visual imagery hypoth-
esis by encouraging one type of processing (e.g., semantic elabora-
tion) more than the other (e.g., visual imagery) through different
instructions or materials. However, as described previously, these
studies are limited in their ability to rule out visual imagery. Other
research has examined correlations between the bizarreness effect
and other factors, such as imaging ability (e.g., Anderson & Buyer,
1994). These studies are likewise limited because they do not
experimentally assess the causal relationship proposed by the vis-
ual-imagery hypothesis.

Two earlier studies examined the effect of distraction on the
bizarreness effect but neither used secondary tasks that selectively
impair visual imagery or visual working memory. Worthen et al.
(2000) investigated how the reaction time (RT) to a secondary
task (pressing any key after the onset of “press any key” instruc-
tion during presentation of sentences) changes during the compre-
hension of common and bizarre sentences. However, this
secondary task was not designed to selectively disrupt visual im-
agery. In addition, because the study was focused on the atten-
tional requirements of encoding bizarre and common sentences, it
did not include a condition with no secondary task; consequently,
the influence of the secondary task on the size of the bizarreness
effect could not be assessed. The second study required partici-
pants to view drawings of bizarre and common objects, accompa-
nied by a divided attention task in which participants were asked
to identify the occurrence of three consecutive odd numbers in a
continuous auditory stream of digits (Gounden & Nicolas, 2012).
This study is likewise not relevant as this secondary task does not
influence visual working memory but primarily stresses the central
executive and auditory processing in working memory.

The present experiments assess the visual imagery hypothesis in
a series of four experiments. In each, participants were presented
with a mixed list of bizarre and common sentences during the
encoding phase of the experiment. Half the participants simultane-
ously carried out a secondary task that selectively impairs visual
working memory and visual imagery. Subsequently, participants
were given a recall test for the study sentences. Across the experi-
ments, several different secondary tasks were used (as described
later in the text). If visual imagery is the basis of the bizarreness
effect, the secondary task condition should reduce or eliminate the
superior memory performance for the bizarre compared with com-
mon items.

Experiment 1

Experiment 1 used dynamic visual noise (DVN) to investigate
the role of visual imagery in the bizarreness effect. DVN entails
a rectangular display consisting of small, flickering black and

white squares on a computer screen, appearing very similar to
visual static on an out-of-tune TV monitor (Quinn & McConnell,
1996). DVN is an ideal candidate as a secondary task and has
been shown to disrupt visual imagery and visuospatial informa-
tion processing in numerous studies. For example, DVN disrupts
memory for words encoded under imagery instructions but not
under rote rehearsal instructions (McConnell & Quinn, 2000;
Quinn & McConnell, 1996, 1999). Particularly relevant for pres-
ent purposes, the disruptive effects of DVN appear most pro-
nounced on the formation and encoding of visual images (as
opposed to their short-term retention; Quinn & McConnell,
2006). Likewise, when DVN is implemented during encoding,
the concreteness effect (greater long-term memory for concrete
than abstract words, assumed to be mediated by greater imagery
in the concrete condition) is reduced (indeed, eliminated; Parker
& Dagnall, 2009; see also Chubala et al., 2018). Similarly, Dean
et al. (2005) found that DVN disrupted the generation of visual
images in a size comparison task. DVN impairs visual informa-
tion processing selectively, leaving verbal processing intact
(McConnell & Quinn, 2000; Quinn & McConnell, 1996, 1999;
Valenti & Galera, 2020). DVN likewise disrupts visual imagery
processes (e.g., Baddeley & Andrade, 2000; Dean et al., 2005;
Kemps, & Andrade, 2012; Smyth, & Waller, 1998; Valenti &
Galera, 2020). Moreover, the dynamic visual display is meaning-
less and no response or verbalization is required; thus, the task
requires minimal use of the central executive or verbal aspects of
working memory (Quinn & McConnell, 1996). As shown in the
work of Quinn and McConnell (1996, 1999, 2006) and Parker
and Dagnall (2009), DVN has been successfully used in long-
term memory experiments and has proven successful in disrupt-
ing imaginal processes for complex stimuli (Dean et al., 2008;
Parker & Dagnall, 2019).

In the study phase of this experiment, participants were pre-
sented with a mixed list of bizarre and common sentences. Partici-
pants were asked to imagine each sentence and rated the vividness
of the image. Mixed lists along with imagining and vividness rat-
ings were used because they maximize the bizarreness effect (e.g.,
McDaniel & Einstein, 1986; Worthen, 1997, 2006) and provide
the best opportunity for observing any potential interaction. The
experimental group engaged in the DVN task while listening to
the sentences over headphones. Two control groups were used in
this experiment, in which the study sentences were either pre-
sented aurally or visually. The DVN task required aural presenta-
tion of the sentences because the distraction takes place in the
visual modality. However, virtually all of the extant research on
the bizarreness effect used visual presentation of the sentences.
Consequently, the auditory control group, who listened to senten-
ces over headphones, was implemented to provide an exact coun-
terpart to the DVN group, and a visual control group, who read the
sentences on the screen, was included to verify that the bizarreness
effect was obtained with the procedures prevailing in the bulk of
the prior research.

Method
Participants

Thirty-six undergraduates from the University of North Caro-
lina (UNC) participated in exchange for course credit. This and all
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subsequent experiments presented in this article were approved by
The UNC Office of Human Research Ethics/Institutional Review
Board (OHRE/IRB), Protocol 10-1938.2

Design and Materials

The design was a 2 (Sentence Type: Bizarre and Common) X 3
(Experimental Group: Visual Distraction vs. Auditory Control vs.
Visual Control) mixed design, with sentence type manipulated
within subjects and experimental group manipulated between sub-
jects. The stimulus set consisted of 16 noun triplets, each used to
create one bizarre and one common sentence (taken from
McDaniel & Einstein, 1986), producing a total of 32 sentences.
The bizarreness of the material was manipulated by presenting
sentences that depict scenes that are either possible and unsurpris-
ing or impossible and surprising. For example, for the word triplet
banker, newspaper, puddle, the common sentence was The banker
dropped the newspaper in the puddle, whereas the bizarre sentence
was The banker floated across the puddle on a newspaper. The 32
sentences, consisting of 16 bizarre and 16 common sentences,
were further randomly divided into two mixed lists of eight com-
mon and eight bizarre sentences. These two lists were counterbal-
anced across subjects so that each noun triplet was presented in
bizarre and common contexts equally often. For each list, two
common sentences from the original McDaniel and Einstein
(1986) materials were used as practice sentences.

The dynamic visual noise was the same as the technique used in
Quinn and McConnell (1996) and consisted of a large rectangular
display covering 80% of the computer screen and composed of
small black and white squares (each of 4 X 4 pixels). Each square
either remained the same or changed color (from black to white or
vice versa) every .25 s with a probability of .5, giving the sense of
a flickering rectangular display, with the ratio of the black and
white squares kept equal throughout the presentation.

Procedure

The experiment consisted of three phases: a study phase, a dis-
tractor phase, and a testing phase. During the study phase, partici-
pants were told that the experiment was about individual
differences in visual imagery in the face of distraction. They were
told that they would listen to or read sentences while they tried to
ignore a secondary stimulus that might be presented to them. Fur-
thermore, they were instructed to create visual images of the sen-
tences and rate the vividness of each image on a scale of 1 (not at
all vivid) to 5 (very vivid). During the study phase, participants
were presented with common and bizarre sentences in a random
order, with the restriction that no more than two sentences of the
same kind were presented consecutively. In line with McDaniel
and Einstein (1986), participants were not informed about the na-
ture of the sentences nor about the upcoming memory test. Partici-
pants were given two practice trials with common sentences.

In the visual distraction condition, the sentences were presented
over headphones. Each trial started with a short beep for half a
second, immediately followed by the DVN display, which was
presented for a total of 10 s. Two seconds after the DVN was initi-
ated, the sentence was presented over the headphones. Participants
were given 8 s to encode each sentence and create a mental image,
followed by a screen asking them to rate the vividness of the
image within 4 s. Once they entered the rating, the program

proceeded onto the next trial. The whole trial lasted up to14.5 s.
The participants were instructed to watch the dynamic visual noise
presented on the screen for the duration of encoding. Participants
were told to look at the screen without looking in any other direc-
tion. The experimenter monitored the participants’ gaze to ensure
compliance with the instructions (all participants complied).

In the auditory control condition, each trial started with a beep
and a blank screen. Two seconds later, the sentence was presented
over the headphones. Eight seconds later, participants entered the
vividness rating and then proceeded onto the next sentence. As in
visual distraction condition, each trial lasted up to 14.5 s. In the
visual control condition, the procedure was the same as the audi-
tory control condition except that the sentence was presented on
the screen rather than over the headphones.

After the study phase, participants were asked to solve math
problems for 3 min to minimize recency effects (e.g., 67 +
46 = ). The distractor task was followed by the testing phase.
Participants were asked to recall and write down as many senten-
ces as they could remember from the encoding phase. They were
also told that they should write any fragments, nouns, or verbs that
they might recall, even if they did not remember the whole
sentence.

Results

The vividness ratings and their RTs are reported in Table 1.
Because preliminary analyses indicated no significant differences
between the two control conditions in terms of vividness ratings or
RTs (Fs < 1.1), the control conditions were combined to compare
with the distraction condition. The ratings and the RTs were sub-
mitted to separate 2 X 2 analysis of variances (ANOVAs), with
sentence type as a within-subjects factor and group (combined
control group vs. visual distraction) as a between-subjects factor.
For the ratings, the results yielded a main effect of sentence type
with higher vividness ratings for common than bizarre sentences,
F(1, 34) = 10.65, MS, = 1.06, p = .003, 'r]é = .24, and nonsignifi-
cant effects for group and the interaction (Fs < 1). For RTs, a sig-
nificant effect of sentence type, F(1, 34) = 5.46, MS, = 1958, p =
.025, ’ﬂ; = .14, indicates that vividness ratings were slower for bi-
zarre than common sentences. The effect of group was also signifi-
cant, F(1, 34) =4.92, MS, = 22.84, p = .033, nf, = .13, indicating
slower ratings in the visual distraction than control groups. The
interaction was not significant, F(1, 34) = .71, MS, = 1.958, p =
407.

2 These experiments were conducted several years before submission of
this paper, before a-priori power calculations were routinely reported. The
sample size was chosen to be similar to sample sizes used in similar
studies. Post-hoc power computations were based on effect sizes from
McDaniel and Einstein (1986), the study on which these experiments were
based. For the relevant conditions (mixed lists with imagery instructions),
the average effect size for the bizarreness effect for noun recall and
sentence access (the two primary dependent variables) were d, = .86 and
.93, respectively. The power to detect bizarreness effects of these sizes
exceeds .95 for this and all subsequent experiments. McDaniel and Einstein
also reported interactions in which the bizarreness effect was reduced by
other conditions (e.g., semantic encoding instructions)—the average effect
size for these interactions for noun recall and sentence access were d = 1.18
and 1.05, respectively. The power to detect interactions of this size exceeds
.90 for noun recall and .80 for sentence access for this and all subsequent
experiments.
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Study Phase: Mean Ratings and RTs (Standard Deviation)

Experiment 1

Vividness rating

Vividness RT (ms)

Bizarre Common

Bizarre Common

Visual control
Visual distraction
Auditory control

2.99 (0.84) 3.58 (0.98)
3.01 (0.86) 3.84 (0.67)
2.91(1.04) 4.01 (0.81)

839(363) 752 (377)
1,106 (251) 1,053 (315)
901 (362) 766 (295)

Experiment 2

Vividness rating

Vividness RT (ms)

Bizarre Common

Bizarre Common

Spatial distraction
Control

3.36 (0.78) 4.17 (0.83)
2.82(0.89) 4.06 (0.70)

1,201 (367) 1,169 (374)
878 (343) 800 (348)

Vividness rating

Vividness RT (ms)

Experiment 3 Bizarre Common Bizarre Common
Visual distraction 3.10 (1.02) 3.96 (0.78) 1,278 (443) 1,102 (345)
Control 2.92(0.93) 4.03(0.78) 968 (403) 879 (320)

Plausibility rating Plausibility RT (ms)

Experiment 4 Bizarre Common Bizarre Common
Visual distraction  1.64 (0.94) 4.32(1.01) 766 (309) 752 (304)
Control 1.28(0.26) 4.71(0.25) 734 (328) 752 (330)

Previous research has used a few different measures of recall,
although the measures generally yield very similar results. We
used the two most common measures: sentence access and noun
recall. The sentence access measure counts a sentence as accessed
if at least one noun from the sentence has been recalled. Noun
recall refers to the proportion of all of the nouns recalled. Both
measures were computed separately for bizarre and common sen-
tences. The descriptive statistics are presented in Table 2.

There were two planned analyses, one of the visual control con-
dition to determine if the basic bizarreness effect was replicated
under the standard presentation conditions, and a second compar-
ing the visual-distraction and auditory control conditions that
addresses the primary question of interest: is the bizarreness effect
diminished by a concurrent task that disrupts visual imagery.
However, we begin with an integrated analysis of the data in
which the sentence access measure was submitted to 2 (Sentence
Type) X 3 (Experimental Group) ANOVA. The analysis revealed
a main effect for the sentence type, F(1, 33) = 33.04, MS, = .020,
p <.001, "r]f) = .50, revealing that bizarre sentences were accessed
more often than common sentences. There was no significant
effect of group, F < 1, but the interaction was significant, F(2, 33)
=4.14, MS, = .020, p = .025, ”ﬂé =.20), indicating that the bizarre-
ness effect differed in size across groups (although not in the
direction predicted by the imagery hypothesis, as explicated subse-
quently). Noun recall was submitted to the same ANOVA and pro-
duced the same results: a significant main effect of sentence type,
F(1, 33) =19.10, MS, = .015, p < .001, ng = .37, no effect of ex-
perimental group, F' < 1, and a significant interaction, F(2, 33) =
4.41, MS, = .015, p = .020, né = .21, indicating that more nouns
were recalled from bizarre than common sentences (the bizarre-
ness effect), but that this effect differed across groups.

The first of the focused analyses demonstrated that the visual
control condition produced a bizarreness effect in replication

of prior research. Specifically, both the sentence access mea-
sure, #(11) = 4.08, p = .002, d = 1.18, and noun recall, #(11) =
2.79, p = .018, d = .81, were significantly greater for bizarre
than common sentences.

The second analyses compared the visual distraction and audi-
tory control conditions by submitting both sentence access and
noun recall to separate 2 (Sentence Type) X 2 (Experimental
Group: Visual Distraction vs. Auditory Control) ANOVAs. The
access measure revealed a main effect of sentence type, F(1, 22) =
17.76, MS, = .021, p < .001, né = .45 (the bizarreness effect), no
effect of experimental group, F < 1, and a significant interaction,
F(1, 22) =7.44, MS, = .021, p = .012, 'qf, = .25. The analysis of
noun recall produced the identical pattern, with a significant effect
of sentence type, F(1,22) =11.63, MS, = .017, p = .003, n; =.35,
no effect of experimental group, F < 1, and a significant interac-
tion, F(1, 22) = 8.23, MS, = .017, p = .009, m; = .27. By both
measures of recall, the bizarreness effect was significantly larger
in the distraction than auditory-control condition. Additionally, in
the distraction condition, tests of the simple effect of sentence type
demonstrated a significant bizarreness effect for both sentence
access, #(11) = 5.90, p < .001, d = 1.70, and noun recall, #(11) =
5.65, p < .001, d = 1.63, whereas the auditory control condition
did not produce a significant bizarreness effect for either measure
(both rs < 1). Finally, for completeness, the bizarreness effect was
not significantly different between the visual-distraction condition
and the visual-control condition. When the analyses were re-
stricted to these two groups, the interaction between sentence type
and experimental condition was nonsignificant for both sentence
access, F(1, 22) = 1.00, p = .33 and noun recall, F(1, 22) = 2.85,
p=.11.

Discussion

Although the vividness ratings are of secondary importance, it
is important to note that the current results replicate the typical
findings both that vividness ratings are lower for bizarre than com-
mon items (e.g., Burns, 1996; McDaniel & Einstein, 1986; Robin-
son-Riegler & McDaniel, 1994) and vividness ratings typically
take longer for bizarre than common sentences (e.g., Campos et
al., 2008; Einstein et al., 1989; Kroll & Tu, 1988). Vividness rat-
ings were not affected by visual distraction but the speed of the
ratings was slowed by distraction. We discuss both of these results
in detail in the general discussion after examining their generality
across our experiments.

More critical are the recall results, which were completely con-
sistent whether measured with sentence access or noun recall.

Table 2
Experiment 1 Recall Results: Mean (Standard Deviation)
Sentence Access and Noun Recall

Sentence access Noun recall

Experimental group Bizarre Common Bizarre Common
Visual control 54.(.12) 32 (.15) .39 (.09) 26 (.14)
Visual distraction .59 (.19) 30 (.15) 49 (.15) 25 (.14)
Auditory control 45 (.15) .39 (.16) 34 (.14) 31(.16)

Note. The visual distraction and auditory control conditions entailed au-
ditory presentation of the study sentences; the visual control condition
entailed visual presentation of study sentences.
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First, the visual control condition entails the closest match to prior
research using visual presentation of the study sentences. This
condition faithfully replicated prior research in demonstrating a ro-
bust bizarreness effect.

Most important is the comparison between the visual distraction
condition (which required auditory presentation of the study sen-
tences with a visual secondary task) and its matched (auditory)
control condition. If the bizarreness effect depends on imaginal
processes, there should be an interaction between these two factors
such that the advantage for the bizarre sentences decreased or was
eliminated in the visual distraction condition. When the DVN con-
dition is compared with its control group, the findings do not show
a reduction in the size of the bizarreness effect. On the contrary,
the concurrent presentation of DVN along with the sentences pro-
duced a robust bizarreness effect, significantly larger than in its
matched (auditory) control condition (and numerically, if not sig-
nificantly, larger than in the visual control condition). This experi-
ment indicates that visual distraction at the very least does not
decrease the bizarreness effect.

The finding that the bizarreness effect is not obtained in the au-
ditory control condition is potentially interesting. Most bizarreness
studies have used visual presentation of sentences, and obtained
the effect often with 12—-16 participants in a group. To our knowl-
edge, there is only one published study that used auditory presen-
tation of the sentences, and this study demonstrated a significant
bizarre effect (Anderson & Buyer, 1994). However, Anderson and
Buyer’s (1994) study used a group of 80 participants. The bizarre-
ness effect that they obtained in the auditory modality might be
associated with the number of participants that they used. Specula-
tively, the fact that there are no other published studies of bizarre-
ness conducted in the auditory modality might indicate that the
effect is not generally obtained in the auditory modality especially
with smaller sample sizes. It is unclear why this might be, but
because the effect was not obtained in the auditory control condi-
tion, but was robust in the visual control condition, the subsequent
experiments used visual presentation of the study sentences.

Experiment 2

Experiment 2 further investigated the visual imagery hypothesis
in light of the results of Experiment 1. First, the outcome of
Experiment 1 argues for the use of visual presentation of the sen-
tences in the subsequent experiments to ensure robust bizarreness
effects in the control condition. Critically, the other common dis-
tractor tasks for visual working memory can be used with visual
presentation of the sentences. Second, although the secondary task
used in Experiment 1 was an appropriate starting point for the
present investigation, a secondary task which requires more active
involvement from the participants, instead of the passive viewing
of DVN, might provide a more rigorous test of the visual-imagery
hypothesis. The current experiment used the spatial tapping task,
in which participants are asked to repeatedly tap a certain sequence
of keys in the shape of a figure. Spatial tapping is an ideal candi-
date because it has been shown to selectively disrupt visuospatial
information processing but not verbal processing (e.g., Salway &
Logie, 1995) and it likewise disrupts visual imagery (e.g., Badde-
ley & Andrade, 2000; Borst et al., 2012; Meneghetti et al., 2017;
Smyth & Waller, 1998). For example, Baddeley and Andrade
(2000) presented participants with visual shapes, which they later

had to imagine while performing a secondary task that selectively
disrupts visual (spatial tapping) or verbal processing (counting).
Participants’ memory performance for the imagined shapes was
disrupted by spatial tapping but not counting. Likewise, the ability
to generate mental images for routes and locations is impaired by
spatial tapping (Gyselinck et al., 2007; Meneghetti et al., 2017).
Spatial tapping may also reduce visual working memory perform-
ance more than does DVN, and it requires repeated response from
the participants (Andrade et al., 2002). Finally, the sample size of
Experiment 2 was increased to provide an even more powerful test
of the visual-imagery hypothesis.?

Method
Participants

Sixty participants from the University of North Carolina partici-
pated in the experiment in exchange for course credit or monetary
compensation.

Design and Materials

Sentence type (bizarre vs. common) was manipulated within
subjects and experimental group (spatial distraction and control)
was manipulated between subjects. The sentence materials of
Experiment 1 were used. The spatial tapping board consisted of
four wooden cubes (2.5 cm on a side), arranged 14 cm apart in a
diamond shape on a square wooden board. The board and spatial
tapping task were modeled after the materials and procedure of
Smyth et al. (1988). To make sure that the participants tapped the
positions rhythmically, an audio-file with a metronome beat of
120 times a minute (two beats per second) was recorded.

Procedure

For the spatial distraction condition, the study phase was the
same as Experiment 1 with two exceptions. First, the sentences
were presented on the screen rather than over the headphones. Sec-
ond, the dynamic visual noise was replaced with spatial tapping. In
the distraction condition, each study trial started with a beep for
half a second. Following this, the metronome beat began and per-
sisted throughout the trial. The participants were instructed to tap
the four pegs on the board repetitively, following a diamond shape
pattern, with each tap corresponding to a single beat of the metro-
nome. To ensure that the participants did not look at the board, a
separate board was placed between the computer screen and the tap-
ping board to block the participants’ view of the tapping board and
their own hand. The participant could reach around the occluding
board and comfortably carry out the tapping task. Two seconds af-
ter the beep sound, the sentence was presented on the screen for the
duration of 8 s (note that the tapping task began 1.5 s before the sen-
tence was presented and continued throughout the entire trial). The

3 The sample sizes, more than twice the group sizes of Experiment 1,
were chosen to be substantially larger than typical experiments on the
bizarreness effect. Post hoc power computations indicated power
exceeding .99 both to detect a bizarreness effect and to detect an interaction
with bizarreness, based on the effect sizes reported in McDaniel and
Einstein (1986; see Footnote 1 for details). For effect sizes one-third
smaller, the power to detect the bizarreness effect likewise exceeded .99,
and the power to detect the interaction was .92 for noun recall and .85 for
sentence access.
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participant was instructed to read the sentence and create a mental
image. Next, the vividness scale was displayed on the screen,
requiring a rating within 4 s, yielding a trial lasting up to 14.5 s.

In the spatial distraction condition, before the main set of study
trials, the participants first practiced the distractor task by itself for
30 s and then had two practice trials with common sentences to
assure that the participant fully understood the procedure.

In the control condition, the study trial started with a beep and a
blank screen, followed by the metronome beat that played
throughout the trial (as in the distraction condition). Two seconds
later, the sentence was presented visually. Eight seconds later, the
vividness prompt was displayed and participants had up to 4 s to
enter the vividness rating. As in the distraction condition, each trial
lasted up to 14.5 s. The distractor and testing phases were the
same as Experiment 1.

Results and Discussion

The vividness ratings and RTs from the study phase (see Table
1) were submitted to separate 2 X 2 ANOVAs, with sentence type
as a within-subjects factor and experimental group as a between-
subjects factor. As in Experiment 1, the analysis of ratings
revealed a main effect of sentence type, with higher vividness rat-
ings for common than bizarre sentences, F(1, 58) = 86.46, MS, =
.36, p < .001, nf, = .60. Neither the effect of group, F(1, 58) =
3.53, p = .07 nor the interaction, F(1, 58) = 3.84, p = .06, were sig-
nificant. The vividness RTs likewise comported with Experiment
1, demonstrating a significant effect of sentence type, F(1, 58) =
9.22, MS, = 10,009, p = .004, 1][2) = .14, and experimental group,
F(1,58) = 14.44, MS, = 246,758, p < .001, 1][2, =.20, and no inter-
action, F = 1.67, p = .20. That is, vividness RTs were significantly
slower for bizarre than common sentences, and for the spatial dis-
traction than control condition.

The recall results are presented in Table 3. The sentence access
and noun recall measures were submitted to separate 2 (Sentence
Type) X 2 (Experimental Group) ANOVAs. The access measure
revealed a main effect for the sentence type, F(1, 58) = 47.19,
MS, = 019, p < .001, Th% = .45, with the bizarre sentences
accessed more often than common sentences. The main effect of
experimental group was not significant, F(1, 58) = 2.98, p = .090
(though a nonsignificant numerically lower sentence access is
observed in the distraction condition). The interaction was not sig-
nificant, F(1, 58) = .035, p = .85. The same pattern was obtained
for noun recall. The proportion recalled for was significantly
higher for bizarre than common sentences, F(1, 58) = 39.32,
MS, =.014, p < .001, ng = .40. Neither experimental group nor its

Table 3
Experiment 2 Recall Results: Mean (Standard Deviation)
Sentence Access and Noun Recall

Sentence access Noun recall

Experimental
group Bizarre Common Bizarre Common
Spatial distraction 43 (.20) .26 (.13) .36 (.19) 2111
Control A8 (.13) 32 (.15) 38 (.12) .26 (.14)
Note. The visual distraction and auditory control conditions entailed au-

ditory presentation of the study sentences; the visual control condition
entailed visual presentation of study sentences.

interaction with the sentence type was significant: F(1, 58) = 1.42,
p = .24, for experimental group and, F(1, 58) = .67, p = .42, for the
interaction.

First, there was a significant advantage for the bizarre sentences
compared with common sentences. Thus, the bizarreness effect
was replicated in the control condition. It is unclear why the audi-
tory sentences of Experiment 1 failed to produce a robust bizarre-
ness effect but it is clear that using visual sentences in the present
control condition, and the visual-presentation control condition of
Experiment 1, produces a substantial bizarreness effect, a prereq-
uisite for our ability to determine if visual-spatial disruption
reduces the effect. Second, despite the robust effect in the control
condition, there is no evidence that the secondary task reduces the
size of the bizarreness effect. Spatial tapping has been documented
to selectively disrupt visuospatial processing and cause decre-
ments in imaginal processing (e.g., Baddeley & Andrade, 2000;
Salway & Logie, 1995). Given that there was no reduction in the
size of the bizarreness effect, the role of visuospatial processes in
the emergence of the effect should be questioned. Taken together,
Experiments 1 and 2 indicate that concurrent tasks that are known
to selectively impair visual working memory and visual imagery
produce no measurable reduction in the bizarreness effect. In
Experiment 1, the comparison between the distraction and audi-
tory-control conditions revealed a significantly larger bizarreness
effect under distraction. This is quite compelling evidence that the
bizarreness effect is at least not smaller under visual distraction, as
proposed by the visual-imagery hypothesis. Experiment 2 provides
converging evidence that the bizarreness effect is not reduced by
visuospatial distraction, but in this case, the evidence is in the
form of a null interaction (rather than a significant interaction in
the direction opposing the hypothesis). Of course, evidence from
null interactions needs to be carefully scrutinized. We report addi-
tional (meta-analytic and Bayesian) analyses on this issue after
reporting Experiments 3 and 4.

Experiment 3

The first two experiments used two commonly used methods for
selectively impairing visual-spatial processing and in neither case
did the secondary task decrease the bizarreness effect. However,
despite a numerical difference in Experiment 2, these secondary
tasks also did not produce an overall decrement in memory per-
formance. This may be because visual imagery plays little role in
the encoding of sentences bizarre or common. Alternatively, these
secondary tasks may not have impaired overall encoding because
they were either too passive or too repetitive. Perhaps the bizarre-
ness effect only reduces in size with concurrent tasks having an
active maintenance component throughout the processing of the
sentences. Experiment 3 and 4 used a concurrent task that requires
just such maintenance of visuospatial information.

The secondary task in Experiment 3 is the visual span task mod-
eled after Della Sala et al. (1999; see also, Logie et al., 1990). It
was implemented as follows. Participants were presented with a
first visual image which had to be maintained while they encoded
the sentence. After processing the sentence, a second image was
presented and participants judged whether it was the same or dif-
ferent from the first image. The participants in the control group
were exposed to the same sequence of image-sentence-image but
were not asked to maintain or compare the images. The task
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images comprised of checkerboard patterns filled with randomly
placed black and white squares. The grid was 5 X 6 to maximize
the employment of visual working memory (Della Sala et al.,
1999). Consistent with the task’s engagement of visual working
memory, the task is known to impair visual imagery processes (e.g.,
Logie et al., 1990). For example, performance on the visual span
task is selectively impaired by a visual imagery secondary task
compared with a verbal secondary task, and in turn disproportion-
ately impairs a visual imagery task relative to a verbal task when
the span task itself is used as a distractor (Logie et al., 1990; see
Della Sala et al., 1999, for similar results). Similarly, for math
problems requiring visual imagery, the visual span task impairs
performance more than does a phonological span task, whereas
for math problems with little reliance on visual imagery, the pat-
tern of interference reverses (Trbovich & LeFevre, 2003).

The design of Experiment 3 differed from Experiments 1 and 2
in a few ways. To begin with, this experiment had an active main-
tenance component which changed on each trial. Thus, this task
both required participant response (in contrast to DVN in Experi-
ment 1) and those responses could not become automatized
throughout the study (as might happen with spatial tapping in
Experiment 2). Moreover, because participants were tested on
each trial for their maintenance of the visual pattern, it was possi-
ble to determine whether the successful maintenance of the visual
image actually reduced memory performance for bizarre and com-
mon sentences on a trial-by-trial basis.

Method
Participants

Thirty-two undergraduates participated in exchange for course
credit or monetary compensation.

Materials and Design

Sentence type (bizarre vs. common) was manipulated within
subjects and experimental group (visual distraction vs. control)
was manipulated between subjects. The sentence stimuli were the
same as in the previous experiments. The material for the visual
distractor task consisted of checkerboard patterns adapted from
Della Sala et al. (1999). A black and white visual pattern was cre-
ated by randomly filling in half of the squares in a grid of 5 X 6.
Eighteen patterns were prepared (two for practice trials and 16 for
experimental trials), along with a modified version of each in
which the location of one of the black squares was switched with
an adjacent white square, making the pattern slightly different than
the original one.

Procedure

Each study trial began with a half-second beep followed by a
visual matrix for 4 s. This was followed by a sentence for 8 s, the
vividness rating for up to 4 s, and another visual pattern for 4 s.
On a random half of trials, the second pattern was the same as the
original and on the other half it was the altered version. Each trial
lasted up to 20.5 s. Participants in the visual distraction group
were told to keep the matrix in mind while reading the sentence
and creating a mental image of the sentence. They were told that
they would see another visual matrix after the vividness rating task
and this matrix might be exactly the same as the first matrix or it

might be slightly changed (with a black and white square
swapped). Participants were told to press “s” for same or “d” for
different. Participants in the control group were told that they
would see visual matrices before and after the sentence but were
not otherwise told to process the matrices. These participants were
not told anything about the similarity or difference between the
patterns. In both the control and visual-distraction groups, partici-
pants were given two practice trials (with common sentences) to
get used to the procedure. The distractor and test phases were the
same as Experiments 1 and 2.

Results

The vividness ratings and RTs from the study phase (see Table
1) were submitted to separate 2 (Sentence Type: Bizarre vs. Com-
mon) X 2 (Experimental Group: Visual Distraction vs. Control)
ANOVAs. The vividness ratings were again greater for common
sentences than bizarre sentences, F(1, 30) = 26.86, MS, = .58, p <
.001, ’né = .47 (the effect of experimental group and the interaction
were nonsignificant, F's < 1). The vividness RTs were again sig-
nificantly slower for bizarre than common sentences, F(1, 30) =
6.26, MS, = 44,676, p = .018, nl% = .17, and for the visual distrac-
tion than control condition, F(1, 30) = 4.64, MS, = 245,893, p =
.038, né = .13 (the interaction was nonsignificant, F' < 1).

The mean proportion correct for the visual span task was .75,
substantially above the chance level of .50, #(15) = 8.08, p < .001.
Moreover, the successful completion of the distractor task was not
different for bizarre (M = .76, SD = .18) and common (M = .74,
SD = .14) trials, t < 1.

The recall measures of noun recall and sentence access (see Ta-
ble 4) were submitted to separate 2 (Sentence Type) X 2 (Experi-
mental Group) ANOVAs. The analysis of sentence access
indicated a main effect of sentence type, with greater access for bi-
zarre than common sentences, F(1, 30) = 17.52, MS, = .020, p <
.001, n; = .37. Furthermore, there was a main effect of experimen-
tal group, F(1, 30) = 5.64, MS, = .029, p = .024, T]f, = .16, indicat-
ing that the visual distraction task reduced sentence access
compared with the control condition. Critically, the interaction
was not significant, F(1, 30) = .18, p = .68. The same pattern was
found for noun recall: A significant main effect for sentence type,
F(1, 30) = 10.80, MS, = .017, p = .003, né = .27, with greater
recall for bizarre than common sentences; a significant main effect
of experimental group, F(1, 30) = 8.54, MS, = .028, p = .007, ng =
.22), with worse recall in the visual distraction than control condi-
tion, and no interaction, F(1, 30) = .65, p = .43.

The foregoing analyses were based on the entire (uncondition-
alized) recall data set. Additional analyses were conducted on
recall scores restricted to study trials with correct answers on the
visual span task. These conditionalized recall scores produced
the same pattern of results as the unconditionalized analyses (in
the current experiment as well as Experiment 4). Given that the
results are the same, only the unconditionalized analyses are
reported (although the conditionalized means are presented in
Table 4).

Discussion

Experiment 3 investigated the effect of a concurrent visual
working memory task with an active maintenance component on
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Table 4

Experiment 3 Recall Results: Mean (Standard Deviation) Sentence Access and Noun Recall

Unconditionalized scores

Conditionalized scores

Sentence access

Noun recall

Sentence access Noun recall

Experimental

group Bizarre Common Bizarre Common Bizarre Common Bizarre Common
Visual distraction 33 (.18) 20 (.11 22 (.14) .14 (.10) .29 (.18) 18 (.13) .20 (.14) A5 (1)
Control 45 (.18) 28 (.15) 37 (.19) .24 (.16)
Note. The conditionalized scoring only applies to the visual distraction condition.

the bizarreness effect. The experiment yielded higher memory per-
formance for bizarre compared with common sentences—the typi-
cal bizarreness effect. Moreover, experimental group had an effect
on overall memory performance, with lower performance under
visual distraction. The encoding of the sentences was generally
impaired with the visual span task as a concurrent task. However,
the interaction was not significant, indicating that the size of the
bizarreness effect was not moderated by this visual working mem-
ory task. The visual span task reliably occupies visual working
memory, correlates with many other measures of visual working
memory, and impairs visual imagery (Della Sala et al., 1999;
Logie et al., 1990). Even though this visual distractor task with
active maintenance component disrupted overall memory perform-
ance, it did so proportionally for common and bizarre items. Along
with the results of Experiments 1 and 2, the present results provide
no evidence that visual working memory and visual imagery con-
tribute to the bizarreness effect.

Experiment 4

Experiment 3 showed that the size of the bizarreness effect was
not reduced by the concurrent visual span task even though it
reduced overall memory performance. However, the use of overt
imagery instructions in this and the earlier experiments may have
induced participants to generate images despite the distractor task.
If the bizarreness effect is caused (even partially) by visual im-
agery, one might still expect that the distractor tasks would reduce
the efficacy of imagery construction and reduce the bizarreness
effect. But, erring on the side of caution, we should consider that
perhaps the directive to use imagery may have worked at cross-
purposes with the visual distraction task such that participants suc-
cessfully used imagery despite the distractor task. If so, perhaps
removing the overt instructions to construct an image would
render the concurrent distraction task more effective, leading to a
reduced bizarreness effect. Alternatively, the prior experiments
may have correctly reflected a lack of visual imagery input into
the bizarreness effect, in which case removing the imagery instruc-
tions would not change the results observed in the earlier
experiments.

In Experiment 4, the visual imagery instructions were replaced
with plausibility ratings in which participants judge whether the
sentences describe events that can happen in real life. Even though
many bizarreness studies use vividness ratings, previous research
has successfully uncovered bizarreness effects using other types of
ratings. Some studies have used “bizarreness” ratings (e.g., Kroll
& Tu, 1988; McDaniel et al., 1995, McDaniel & Einstein, 1989)
and others have used pleasantness ratings (e.g., Worthen, 1997).
The distractor task was the visual span task from Experiment 3,

which successfully reduced overall memory performance. The vis-
ual-imagery hypothesis again predicts that the bizarreness effect
should be reduced under this distraction.

Method
Participants

Thirty-two participants participated in this experiment in
exchange for course credit or monetary compensation.

Materials and Procedure

Sentence type (bizarre vs. common) was manipulated within
subjects and experimental group (visual distraction vs. control)
was manipulated between subjects. The methods were identical to
Experiment 3 with one modification. The rating screen asked for
“Plausibility (1-5)” instead of “Vividness (1-5).” Participants
were asked to think about the plausibility of the sentences that
they read and rate each with a number from 1 to 5. A rating of 1
indicated that the event mentioned in the sentence could never
happen in real life and a rating of 5 indicated that it could defi-
nitely happen in real life.

Results and Discussion

The plausibility ratings and RTs from the study phase (see Ta-
ble 1) were submitted to separate 2 (Sentence Type) X 2 (Experi-
mental Group) ANOVAs. The analysis of the ratings yielded a
main effect of sentence type with higher plausibility ratings for
common than bizarre sentences, F(1, 30) = 185.96, MS, = .80, p <
.001, mp = .86, and nonsignificant effects for group (F < 1) and
the interaction, F(1, 30) = 2.75, p = .11. The RTs for the plausibil-
ity ratings demonstrated no significant effects of sentence type,
group, or interactions (all F's < 1).

The mean proportion correct for the visual span task was .75,
significantly above chance, #(15) = 9.78, p < .001, d = .24. More-
over, participants’ successful completion of the distractor task was
not different for bizarre (M = .75, SD = .12) and common (M =
75, SD = .14) sentences, t < 1. Sentence access and noun recall
(see Table 5) were submitted to ANOVAs with the sentence type
and experimental group as factors. The access measure revealed
the same results as Experiment 3, with a significant main effect for
the sentence type, F(1, 30) = 15.58, MS, = .017, p < .001, T]f, =.34,
a significant main effect for the experimental group, F(1, 30) =
9.54, MS, = .028, p = .004, ”‘13 = .24, and no interaction F(1, 30) =
.68, p = .42. The analysis of noun recall revealed one difference
from the access measure: Despite a numerical difference in the pre-
dicted direction, the main effect of sentence type was not significant,
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Table 5

Experiment 4 Recall Results: Mean (Standard Deviation) Sentence Access and Noun Recall

Unconditionalized scores

Conditionalized scores

Sentence access

Noun recall

Sentence access Noun recall

Experimental

group Bizarre Common Bizarre Common Bizarre Common Bizarre Common
Visual distraction 35(.12) 19 (.18) .26 (.10) A8 (.17) 37 (.18) 22 (.17) 27 (12) 20 (.16)
Control 45 (.14) 35 (.15) .36 (.14) 33 (.15)

Note.

F(1, 30) = 3.41, MS, = .012, p = .075, m; = .10. The main effect of
experimental group was significant, F(1, 30) = 8.69, MS, = .029, p =
.006, nf, = .23, with the control group performing better than the
visual distraction group. The interaction was not significant, F(1,
30) =.77, p = .39. As with Experiment 3, the analyses were repeated
with recall results conditionalized on correct performance on the vis-
ual span task, and the results were identical to the unconditionalized
results (see Table 5).

In this experiment, we investigated the role of visual distractors
paired with encoding instructions that did not explicitly require the
formation of an image. Despite this change, the critical results
were consistent with the findings of Experiment 3 in which the
same visual distractor task was paired with explicit imagery
instructions. First, there was a significant access advantage for bi-
zarre sentences. In addition, the visual distraction condition
reduced access to sentences in general. However, the size of the
bizarreness effect was not reduced by visual distraction. Quite the
opposite, numerically (if not significantly) the bizarreness effect
was larger in the distraction than control condition. The results
were similar for the unconditional and conditional access scores,
indicating that even when we only take into account only those tri-
als on which participants unambiguously maintained the visual
distraction task, the access to bizarre sentences was higher than
common sentences and the size of the bizarreness effect was unaf-
fected by distraction.

The noun recall measure was somewhat less informative, failing
to produce a significant bizarreness effect. Prior studies have also
shown that ratings other than vividness are less likely to produce
the bizarreness effect in the noun recall measure, or the effect is
sometimes smaller (e.g., Kroll & Tu, 1988; Worthen, 1997;
Worthen & Roark, 2002), so it is not too surprising that noun
recall yielded only a numerical difference in the expected direction
for the bizarreness effect. Of course, this means that the ability to
detect an interaction between sentence type and group was reduced
but only for the noun recall measure (and only in this one experi-
ment). The results for sentence access are quite interpretable; the
bizarreness effect found in Experiment 4 on sentence access is ro-
bust and of a comparable size to that found in Experiment 3. Con-
sequently, the results of sentence access bear the same degree of
interpretability as in earlier experiments.

Combined, Meta-Analytic, and Bayesian Analyses

With the exception of Experiment 1, in which the distraction
condition produced a significantly larger bizarreness effect than its
matched control condition, the evidence against the visual imagery
account takes the form of null interactions between sentence type

The conditionalized scoring only applies to the visual distraction condition.

and experimental group (distraction vs. control). Although the
individual experiments were reasonably powered to detect a
bizarreness effect and interactions involving it (see Footnote 1),
supplementary analyses provide even stronger evidence on this
issue. First, pooled analyses provide quite high power. In the
pooled analyses, all the distraction and control conditions of the
four experiments were merged and submitted to a 2 (Sentence
Type: Bizarre vs. Common) X 2 (Experimental Group: Distraction
vs. Control) ANOVA. The combined analyses have power of .98
and .95 to detect an interaction effect one half the size of those
found in McDaniel and Einstein (1986) for the sentence access
and noun recall measures, respectively.* The pooled results for
both the access measure and for noun recall yielded significant
main effects for sentence type and experimental condition, reflect-
ing the bizarreness effect and the generally negative overall impact
of a distractor task during encoding (e.g., Mulligan, 2008). How-
ever, the critical interaction was nonsignificant for both sentence
access, F(1, 158) =1.22, MS, = .019, p = .27, nf, =.008, and noun
recall, F(1, 158) = 2.31, MS, = .015, p = .13, mp = .014. A very
high-powered analysis produces no evidence for an interaction
and, it should be noted, any appearance of a trend is in the oppo-
site direction suggested by the visual-imagery hypothesis (the
bizarreness effect is numerically larger in the distraction
condition).

The foregoing analyses produced null effects for the critical
interaction and conventional significance testing does not allow
one to quantify evidence for the null hypothesis (Rouder et al.,
2009). To further assess the state of the evidence in the preceding
analyses, we computed Bayes Factors using the statistical software
program JASP (JASP Team, 2018, jasp-stats.org; Wagenmakers et
al., 2018). The Bayes Factor (BF,) represents the probabilities of
the null and alternative hypotheses conditionalized on observed
data, that is, the posterior odds. Interpretation of the Bayes Factor
is straightforward with low values (=1/3) favoring the alternative
hypothesis, high values (=3) favoring the null hypothesis, and in-
termediate values indicating an ambiguous outcome (see Rouder
et al., 2009; Table 1). In the present case, the Hx, based on the vis-
ual-imagery hypothesis, is that the bizarreness effect is larger in
the control than distraction condition (note that this is a directional
hypothesis), whereas Hg is the opposite (the bizarreness effect is
either equal or larger in the distraction condition). For the com-
bined analysis, BFy; = 11.49 and 13.86 for sentence access and
noun recall, respectively. This constitutes strong evidence for the

4 The power to detect an interaction effect just one-third that size is still
appreciable at .80 and .71.
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null hypothesis that the bizarreness effect is no smaller in the dis-
traction than control condition.

Another way to combine results across experiments is with a
single-paper meta-analysis (SPM), conducted here using the pro-
cedures of McShane and Bockenholt (2017).> The analysis pro-
duces results wholly consistent with the combined ANOVA. For
the sentence access measure, the meta-analysis revealed a main
effect of sentence type (SPM estimate = .31, 95% confidence inter-
val, CI [.21, .42]), demonstrating a robust bizarreness effect; a
main effect of experimental group (SPM estimate = .12, 95% CI
[.02, .23]), demonstrating reduced memory in the distraction con-
dition; and a nonsignificant interaction effect (SPM estimate =
—.07,95% CI [—.17, .04]). The results for noun recall were identi-
cal: a main effect of sentence type (SPM estimate = .20, 95% CI
[.09, .31]), a main effect of experimental group (SPM estimate =
13, 95% CI [.02, .24]), and a nonsignificant interaction effect
(SPM estimate = —.05, 95% CI [—.16, .06]). These meta-analyses
indicate that the bizarreness effect was not reduced by visuospatial
distraction. As noted, any trend is in the opposite direction. In
summary, combined, meta-analytic, and Bayesian analyses all
converge on the same conclusion: the bizarreness effect is not
reduced by distraction impairing visual working memory and vis-
ual imagery.

General Discussion

The goal of the current project was to assess the role of visual
imagery in the emergence of the bizarreness effect. There are dif-
ferent variants of the visual-imagery hypothesis, but the general
idea is that when participants generate images for both common
and bizarre items the images for the bizarre items are visually
more distinctive (e.g., Black et al., 2012; Campos et al., 2009;
Geraci et al., 2013; McDaniel & Einstein, 1986) or require more
transformations in their creation that leads to better encoding for
these items and, therefore, greater recall (e.g., Marshall et al.,
1979; Wollen & Margres, 1987; see Worthen, 2006, for review).
More generally, both ancient and modern writers propose that bi-
zarre imagery enhances memory, and that the result is a bizarre im-
agery effect (e.g., Black et al., 2012; Burns, 1996; Buzan, 1991;
Campos et al., 2008, 2009; Cornoldi et al., 1988; Dalgleish et al.,
2013; Lorayne, 2010; Matzen et al., 2016; McDaniel & Einstein,
1986; Yates, 1966).

In the present experiments, the visual-imagery hypothesis was
investigated by selectively disrupting visual working memory and
visual imagery during encoding and determining if this reduced
the bizarreness effect. Experiment 1 used dynamic visual noise,
Experiment 2 used spatial tapping, and Experiments 3 and 4 used
a visual span task. None of the distraction conditions reduced the
size of the bizarreness effect, implying that the bizarreness effect
has little reliance on visual working memory or visual imagery
during encoding. It is important to emphasize that all these tasks
are known to selectively disrupt visuospatial processing and visual
imagery. DVN disrupts visual processing but leaves verbal re-
hearsal intact (e.g., Quinn & McConnell, 1996, 1999). Similarly,
spatial tapping leads to decrements in visuospatial processing but
does not interfere with free recall of words (Salway & Logie,
1995). The visual span task leads to selective decrements in proc-
essing of other visual and imagistic stimuli (Della Sala et al.,
1999; Logie et al., 1990). One might be concerned that the

distractor tasks in Experiments 1 and 2 were not strong enough to
disrupt long-term memory at all. This concern is partly belied by
the finding that DVN during encoding reduced the size of the con-
creteness effect in long-term memory, attributed to DVN’s disrup-
tion of imagery processing (Chubala et al., 2018; Parker &
Dagnall, 2009; see Dean et al., 2008; Parker & Dagnall, 2019, for
related results).® Regardless, even when the distractor task did dis-
rupt overall memory performance (in Experiments 3 and 4), the
size of the bizarreness effects remained undiminished.

Although all of the distractor tasks used in these experiments
are known to disrupt visual working memory and visual imagery,
there are differences. The DVN task is visually disruptive but does
not require active response on the part of the participant. The spa-
tial tapping task impairs visuospatial processing and requires
active response, but does not place strong demands on the mainte-
nance of information. The visual span task, in turn, requires main-
tenance of visual information. Critically, regardless which variant
of distraction was implemented, the bizarreness effect was not
reduced.

Experiments 1-3 used explicit imagery instructions (vividness
ratings) to make sure that we obtained the greatest difference
between bizarre and common items in the control condition to
maximize the chance of observing any interactions with the exper-
imental conditions. Experiment 4 used encoding instructions that
do not explicitly focus on visual imagery to see if the sensitivity of
the bizarreness effect to distraction changed. The reasoning behind
this was to determine if the use of imagery instructions renders the
bizarreness effect resistant to any type of distraction. The use of
plausibility ratings required participants to refer to their world
knowledge and long-term memory structures to indicate the level
of plausibility. This manipulation does not necessarily rule out im-
agery processing; however, using these instructions might lessen
the reliance on imagery processing during encoding and focus
more on semantic processes. First, the results indicated that the
bizarreness effect is obtained in the control group with instructions
that do not explicitly require imagery. However, the superior per-
formance for bizarre sentences is not as pronounced with plausibil-
ity ratings as it is with vividness ratings: the sentence access
measure revealed a robust bizarreness effect, but noun recall did
not produce a significant effect. More centrally, the distraction
condition did not reduce the size of the bizarreness effect in this
experiment. Even when participants were not instructed to create
mental images, which might have been thought to override visuo-
spatial distraction, the results did not indicate any role for visual
imagery in producing the effect.

One aspect of the results deserves additional analysis: In Experi-
ments 1 through 3, the distractor tasks did not significantly affect
vividness ratings, as might have been expected for tasks that
impair visual imagery. There are several points to make regarding
this result. First, as reviewed earlier, the distractor tasks used in

5 Specifically, sentence access and noun recall were both submitted to
separate meta-analyses based on a 2 (Sentence Type: Bizarre vs. Common) X
2 (Experimental Group: Distraction vs. Control) design, with contrasts to
examine the main effect of sentence type, the main effect of experimental
group, and the interaction effect: (1 1 —1 —1),(1 =11 —1),and (1 —1 —1 1),
respectively.

6As an aside, this implies that the concreteness effect and the
bizarreness effect have different bases, the former influenced by visual
imagery but not the latter.
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the present experiments have been repeatedly shown to impair
objective measures of visuospatial information processing in prior
research; the present experiments implemented these tasks in the
same ways as that prior research. Second, the time to make vivid-
ness ratings is usually taken to reflect the speed or ease of forming
visual images (e.g., D'Angiulli et al., 2013; Kroll & Tu, 1988;
McDaniel & Einstein, 1986; see also Hertzog et al., 2003). When
vividness ratings take longer for bizarre than common items, this
is taken as evidence that bizarre items are more difficult to image
than common items (Campos et al., 2008; Einstein et al., 1989;
Kroll & Tu, 1988; McDaniel & Einstein, 1986). This result was
replicated in the present experiments. In this regard, it is notewor-
thy that vividness ratings took longer in the distractor than control
condition in each of Experiments 1 through 3. Given the usual
interpretation of vividness RTs, this is consistent with the idea that
the distractor tasks impaired imagistic processing.

Third, the lack of an effect of distractor task on vividness ratings
may be a consequence of the between-subjects manipulation of ex-
perimental group. The bizarreness manipulation is required to be a
mixed-list within-subjects manipulation to ensure a robust bizarre-
ness effect in recall (e.g., McDaniel & Einstein, 1986; McDaniel
et al., 1995). Given that requirement, the manipulation of the dis-
traction condition needed to be between subjects—a fully within-
subject experiment would have produced too few study sentences
in each cell of the design to allow reliable assessment of the
bizarreness effect. The need for a between-subjects manipulation
of experimental group means that each participant experiences vis-
ual imagery in only the control condition or only the distractor
condition. To the extent that vividness ratings are influenced by
within-subject comparisons, participants in the distractor condi-
tion, for example, may not rate their visual images as less vivid
because they lack a direct comparison with visual images devel-
oped without distraction. This possibility is consistent with
research in metamemory that demonstrates that some effects on
metamemorial judgments are observed in within-subject designs,
in which comparisons across conditions can influence ratings, but
not in between-subjects designs, in which a comparison is not pos-
sible (e.g., Susser et al., 2013). Also relevant are the effects of
bizarreness on vividness ratings. As noted, bizarre items usually
produce lower vividness ratings that common items, a result read-
ily observed with mixed-list within-subject manipulations of item
type (as in the present experiments; e.g., Burns, 1996; McDaniel
& Einstein, 1986; Robinson-Riegler & McDaniel, 1994) but that
can be reduced or eliminated in pure-list and between-subjects
designs (e.g., Campos et al., 2008; Kroll & Tu, 1988). It is possi-
ble that the between-subjects manipulation of distractor task in the
present experiments obscured any effect of distraction on vivid-
ness ratings.

Returning to the primary result, we note that we have evaluated
the imagery account by examining whether the bizarreness effect
interacts with visual-imagery distraction. The standard imagery
accounts in the literature lead to this predictions (McDaniel & Ein-
stein, 1986; Worthen, 2006). However, it is important to consider
a version of the imagery account that may not make this predic-
tion. In particular, in one version of the bizarre imagery account,
both bizarre and common sentences elicit imagery, but because bi-
zarre items are elaborated more, this could give them an advantage
in subsequent memory performance (Hirshman et al., 1989; Mar-
shall et al., 1979). This account of bizarre imagery could

potentially predict no interaction if visual distractor tasks are used.
In this case, imagery elaboration might be reduced to a similar
degree for both bizarre and common sentences, potentially leading
to equivalent forgetting across encoding conditions. However,
looking at vividness ratings and RTs in Experiments 1-3 should
give us a pause for this interpretation, because if vividness ratings
and RTs reflect the strength of imagery, bizarre sentences consti-
tute the weaker imagery condition rather than the more elaborated,
stronger imagery condition. Participants consider bizarre images
less vivid than common images, and they take a longer time to vis-
ualize them, rendering this version of bizarre imagery account
unlikely. The other version of the bizarre imagery account is the
distinctiveness account (e.g., Black et al., 2012; Campos et al.,
2009; Geraci et al., 2013; McDaniel & Einstein, 1986). In this ver-
sion of the bizarre imagery account, bizarre sentences are not nec-
essarily elaborated more. Despite similar or less elaboration,
bizarre sentences produce more distinctive imagery than common
sentences. Visual distractor tasks are expected to disrupt the crea-
tion of these unique distinctive images, predicting a decrement in
the size of the bizarreness effect when visual distractors are used.
This distinctiveness account would predict an interaction. In this
current set of studies, this version of the bizarre imagery account
seems more defensible, as the vividness ratings and RTs do not
directly refute this account.

If the bizarreness effect, at least as elicited with sentences, is
not due to visual imagery, then what is the cause? The current
experiments were designed to assess the visual-imagery hypothe-
sis and so do not directly assess other views. Nevertheless, the
results are consistent with the view that the effect is due to greater
verbal or semantic processing in the bizarre condition. We have
emphasized that the distractor tasks used are selective in disrupting
visual imagery and visual working memory processes. This selec-
tively largely leaves verbal and semantic processing unimpaired
and so, according to these views, would leave the verbal and
semantic processes producing the bizarreness effect largely unaf-
fected—with the consequent expectation that the bizarreness effect
would be undiminished by these forms of distraction.

Of course, the visual-imagery hypothesis has been supported by
evidence other than the mere existence of the bizarreness effect.
One prominent source of support is the finding mentioned earlier
that imagery instructions often produce larger bizarreness effects
than other encoding instructions. Indeed, there is some hint of this
in the present results in which the plausibility ratings required in
Experiment 4 produced only a nonsignificant numerical difference
in the predicted direction on noun recall whereas the imagery
instructions of the earlier experiments produced clear and robust
bizarreness effects on this measure (although the bizarreness effect
on sentence access in Experiment 4 was quite similar to that found
in earlier experiments). If visual imagery is not essential for the
bizarreness effect, why might imagery instructions enhance the
bizarreness effect? We can speculate, from research on reading
and sentence comprehension (e.g., Britt et al., 2014; Swets et al.,
2008; Van den Broek et al., 2001), that different reading goals can
influence the type and degree of lexical and semantic analysis (and
syntactic analysis, for that matter) that a sentence receives. If the
goal is to form a mental image, the type and degree of analysis of
the sentence might be different and more extensive than if the goal
is to assess the plausibility of the sentence, and, furthermore, these
differences may be more pronounced for bizarre sentences. To
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create a visual image of a bizarre sentence, the participant must
fully understand the components of the sentence and their relations
to one another to successfully create an integrated picture of the
(odd) situation represented by the sentence. If the goal is simply to
assess plausibility (or other attribute, like pleasantness), the reader
may only need to get to the point of comprehending that the sen-
tence represents an unusual, unlikely or unpleasant scenario, with-
out needing to do the additional and differentiating semantic
analyses required to develop an exact “picture” of the unlikely sit-
uation. From the perspective of the verbal elaboration view, im-
agery instructions may simply induce more extensive verbal and
semantic analyses of the written sentence than does a plausibility
judgment. In fact, the comparison of the reaction times for vivid-
ness versus plausibility between Experiment 3 and 4 reveal shorter
reaction times for plausibility ratings than vividness ratings, even
though the tasks are designed exactly in the same manner. More-
over, RT for plausibility ratings in Experiment 4 are not signifi-
cantly different across sentence types, differently from previous
experiments where vividness RTs are longer for bizarre than com-
mon items. From this perspective, the end product of the goal (the
image itself) may be less critical to the memorial consequences
than the processes used to reach that goal.

What of bizarreness effects that are produced by images rather
than sentences (e.g., Gounden et al., 2017; Gounden & Nicolas,
2012)? It may be that bizarreness effects induced by actual images
(rather than by sentences that might elicit mental images) differ
from the present bizarreness effect and are due directly to imagery
information in memory. However, for the sake of parsimony and
because the two forms of bizarreness effect are already known to
share at least some similarities (Gounden & Nicolas, 2012), it is
important to consider the possibility of a common bizarreness
effect whether induced by external images or by sentences. In the
case of bizarre images (e.g., such as those used by Gounden et al.,
2017), it is plausible that the bizarre image requires additional con-
sideration on the part of the participant as they attempt to make
sense of what they are seeing. This “additional consideration” may
by quite similar to the additional semantic analysis (and poten-
tially, overt verbal processing) that the elaboration view assumes
operates in the case of bizarre sentences. Alternatively, this addi-
tional consideration can be a form of higher level visual elabora-
tion that are not interfered by the type of visual distractor tasks
used in the current study. As noted, these are speculations and
should be subject to future investigation.

A final word relates to the long-running imagery debate regard-
ing the necessity of positing multiple forms of mental representa-
tion (including imagistic, or depictive, representations) versus the
more parsimonious proposal of a single representational format
(e.g., propositional representations; e.g., Kosslyn, 1994; Pylyshyn,
1981). The present results may be situated in terms of this long
debate—in the sense that an effect often attributed to imagery, the
bizarreness effect, may actually not be due to imagery but rather to
verbal and semantic representations (consistent with a propositional
basis). However, we should be clear that although it is of interest to
relate the current conclusions to long-standing issues in cognitive
science, we do not draw broad conclusions against imagery-based
representations from the present results. Indeed, the present
research is predicated on the idea that visual imagery is a distinct
representational format that can be impaired by certain distractor
tasks, and that such distraction has been shown to reduce or

eliminate effects based on imagery (e.g., the concreteness effect;
Parker & Dagnall, 2009). In this more general sense, the current
research assumes varied mental representations (including imag-
istic; Pearson & Kosslyn, 2015) but concludes that one particular
effect often attributed to visual imagery may instead have other
bases.
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