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The current study addressed modality effects in a web-based Concealed Information Test (CIT) by asking partici-
pants to encode, and later conceal, crime-related details. Items were encoded and tested verbally or pictorially. A
pilot (N = 73) and a preregistered study (N = 158) showed a robust interaction between encoding and testing m-
odality: Items that were encoded and tested in the same modality were associated with better detection. Moreover,
recognition of verbally encoded items could not be detected in a pictorial test. Our findings support the existence of a
modality-congruency effect when subjects try to conceal their knowledge. In applied scenarios, the modality of test
items should be matched to the modality in which crime-related details were encoded. Furthermore, a pictorial CIT
might protect informed innocents if leakage happened verbally.
Keywords: Concealed information test, Memory, Modality, Picture superiority, Dual code, Transfer-appropriate processing
General Audience Summary

To examine whether a suspect of a crime has implicating crime knowledge, recognition of crime-related details
can be detected using memory detection methods, such as the Concealed Information Test (CIT). In a typical CIT,
items are presented verbally, although memory research suggests that pictures may not only be better remembered
but also more easily recognized and recalled than their verbal counterparts. In the current study, we examined
which modality is optimal for memory detection and whether encoding and testing modalities interact. Partici-
pants encoded crime-related items and concealed them in a web-based reaction time CIT. Items were encoded
and tested verbally or pictorially. Both a pilot study (N = 73) and a preregistered study (N = 158) showed that
detection was better for items that were encoded and tested in the same modality. In addition, recognition of ver-
bally encoded items could not be detected in a pictorial test. The results emphasize the importance of the modality
in which information is encoded/tested and is consistent with frameworks advocating neural reinstatement during
memory retrieval. In practical applications of the CIT, the modality of test items should be matched to the modal-
ity in which crime-related details were encoded, which is typically pictorial in nature. Furthermore, a pictorial CIT
could protect innocent suspects that heard or read about the crime from being falsely accused.
nce concerning this article should be addressed to Ine Van der Cruyssen, Department of Clinical Psychology, University of Amsterdam, Amsterdam
Contact: i.a.vandercruyssen@uva.nl (I. V. D. C.).
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Pictures are better remembered and more easily recognized
than their verbal counterparts. This so-called picture superiority
effect is well-established and has been repeatedly demonstrated
in the memory literature (e.g., Ensor et al., 2019; Kirkpatrick,
1894; Madigan, 2014). This phenomenon has been demon-
strated in both recall and recognition tests (Bevan & Steger,
1971; Shepard, 1967) and is very robust. For example, in a
study by Shepard (1967), participants studied over 500 words
or pictures and were respectively 88% versus 97% accurate
in a subsequent recognition test. Over the years, the picture
superiority effect has received considerable attention from
researchers, and the phenomenon has been applied in a range
of areas requiring easy and accurate recall of information, such
as instructional design, advertising, and marketing communica-
tions (Childers & Houston, 1984; Sansgiry et al., 1997). How-
ever, despite the many demonstrations confirming the picture
superiority effect, its underlying mechanism is still a subject
of discussion. Theories explaining pictures’ mnemonic advan-
tage can be roughly divided into those attributing the effect
to a perceptual processing advantage of pictures and those
attributing it to a conceptual processing advantage of pictures
(for a review, see Stenberg, 2006).

According to perceptual theories, the picture superiority
effect can be attributed to a richer perceptual encoding of pic-
tures (Stenberg, 2006). While words are constrained to letters,
phonemes, and orthographic conventions, pictures have no
such constraints or limits (Nelson et al., 1979). As a result,
there is more representational variability from picture to picture
than from word to word, leading to enhanced distinctiveness of
pictures and easier recall or recognition. Paivio’s (1971) dual-
code theory, one of the earliest and most influential accounts
of this effect, distinguishes between verbal and nonverbal
(e.g., visual, auditory, haptic) memory pathways. According
to this theory, words tend to be processed only via the verbal
pathway, whereas pictures can be encoded through both routes.
That is, words only evoke a verbal code, but pictures can acti-
vate both the image and its verbal label (e.g., “dog”) and are
therefore more easily retrieved and recalled.

Somewhat similar explanation emerges from conceptual
theories, claiming that the processing of pictures involves
greater semantic elaboration than the processing of words
(Stenberg, 2006). Accordingly, the transfer-appropriate pro-
cessing theory assumes that cognitive operations performed
during encoding are reinstated during retrieval (Rugg et al.,
2015). Since a typical memory test such as a recall or recogni-
tion test requires deliberate recollection of prior experience,
they have a mostly conceptual nature, which invokes subjects’
semantic knowledge. As picture encoding also invokes greater
semantic elaboration, pictures have an advantage at test as
compared to words, resulting in an overall better performance
for pictures in most recall and recognition tests (Weldon
et al., 1989).

The effect of presentation modality is particularly interesting
in the context of memory detection tests. For example, in a sit-
uation where one tries to detect whether a suspect has implicat-
ing crime knowledge, it is important to know how the test items
should ideally be presented (i.e., verbally or pictorially) and
whether this is moderated by the way the perpetrator originally
encoded the crime items. This question is especially important
because in memory detection, people are deliberately suppress-
ing or hiding their memories instead of trying to retrieve them
(as in classical research about the picture superiority effect).
Although the picture superiority effect is a reliable and repro-
ducible phenomenon, it has been shown to be constrained by
some limiting conditions. The test circumstances, for example,
have been shown capable of abolishing or even reversing the
picture superiority effect (Weldon & Roediger, 1987).

The Concealed Information Test (CIT) is a promising tech-
nique used for memory detection when subjects try to conceal
their knowledge. Concealed knowledge is detected by compar-
ing the examinees’ responses to a crime-relevant item (e.g., the
murder weapon) to multiple, equally plausible control options
(e.g., “A revolver? A rope? A lead pipe? A candlestick?”). A
guilty suspect is assumed to have specific crime-related knowl-
edge and is therefore expected to respond differently to the
crime-related item than to the control items. An innocent exam-
inee, on the other hand, will not recognize the crime-related
item and should therefore respond similarly to all presented
items. After decades of research, it is well established that
the CIT provides a valid tool for the detection of “knowledge-
able” individuals (e.g., Meijer et al., 2014; Suchotzki et al.,
2017) and is nowadays used in criminal investigations in Japan
(Osugi, 2011).

A few studies have explored modality effects in the CIT
(Ambach, Bursch, Stark, & Vaitl, 2010; Ben-Shakhar, Frost,
Gati, & Kresh, 1996; Rosenfeld, Ward, Thai, & Labkovsky,
2015; Seymour & Kerlin, 2008). Both Ambach, Bursch,
Stark, & Vaitl, 2010; Seymour & Kerlin, 2008 manipulated
modality at test (but not at encoding) using autonomic and
brain electrical measures and Reaction Times (RT) respec-
tively. They both found no differences between verbal versus
pictorial presentation. However, since these studies did not
manipulate modality at encoding, they could not examine pos-
sible effects of encoding modality and congruency between
encoding and testing modalities. Rosenfeld et al. (2015)
applied the CIT with brain electrical measures and recom-
mended that CIT examiners should always use pictorial presen-
tations at testing because they found that the use of pictorial
presentation was always more effective, regardless of the
encoding modality. However, these suggestions were based
on data from only 11 participants. Lastly, Ben-Shakhar et al.
(1996) used a modified version of the CIT based on electroder-
mal measures and found a complete generalization across
modalities. Neither encoding modality nor test modality
affected electrodermal responsivity in the CIT.

The current study is the first preregistered, highly powered,
study to examine modality effects in memory detection. Partic-
ipants encoded several verbal and pictorial crime-related details
(e.g., the getaway vehicle “bike,” an image of the murder
weapon). Subsequently, they completed a web-based RT-CIT
that incorporated a verbal block and a pictorial block. Based
on the dual-code theory, we anticipated a larger CIT effect
(i.e., larger RTs to the crime-related than control items) for
items that were encoded as images than for items that were
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encoded as words (H1). In line with the transfer-appropriate
processing theory, we also expected that modality congruence
between encoding and testing would induce a larger CIT effect
than modality incongruence (H2).

Pilot

Method

This study was approved by the ethical committee of the
Social and Behavioral Sciences faculty at the University of
Amsterdam and registered as number 2020-CP-11832. The
protocol was carried out in accordance with the provisions of
the World Medical Association Declaration of Helsinki. The
pilot was not preregistered. All materials, data, and analytic
scripts have been made publicly available and can be accessed
at https://osf.io/84eas/.

Participants. Ninety-six participants took part in the exper-
iment via the online crowdsourcing platform Prolific (https://
www.prolific.co). Because of possible age-related differences
in lying proficiency and executive control (Debey et al.,
2015), only participants between 18 and 45 years old were eli-
gible to participate in the study. They received £2.50 for their
participation and had the chance to obtain a bonus of £1 if they
would beat the lie detector test (i.e., if they would have a
dCIT < 0.2; see Kleinberg & Verschuere, 2015).

Out of these 96 participants, we excluded four participants
because they terminated the experiment before it ended, one
participant who did not recognize any of the crime-related
items during the crime recognition check (see below), one par-
ticipant who responded incorrectly to all items during the ver-
bal test block, and another 17 participants because they had
error rates above 50% for at least one stimulus type (i.e., target,
crime-related, or control item). The final sample size contained
73 participants (70% male, 29% female, 1% other) with a mean
age of 24 years (SD = 6 years, range 18–43 years). Participants’
nationality was mainly Portuguese (27%), Polish (16%), or
Figure 1. Experimental procedure. Illustration of the encoding phase, in which partic
pictorial block of the RT-CIT. The order of the verbal and pictorial blocks was co
Italian (10%), and most participants indicated Portuguese
(29%), Polish (16 %), or English (16%) as their native
language.

Procedure. All participants gave informed consent before
taking part in the study. The task was computerized (pro-
grammed in Inquisit 5.0), completed online, and can be found
at https://osf.io/sqv67/. In the first phase of the experiment (i.e.,
the encoding phase), participants were asked to read and imag-
ine a crime story that contained two verbal and two pictorial
crime-related items (see below). Subsequently, all participants
completed a memory game to ensure that all crime-related
items were sufficiently encoded. In this memory game, partic-
ipants had to flip virtual cards containing the crime-related
items from the crime story in order to find the four matching
pairs. In the second phase of the experiment (i.e., the test
phase), participants had to try to hide their crime knowledge
in an RT-CIT task (see below). This task consisted of two
blocks: a verbal block in which the items were presented as
written words and a pictorial block in which the items were
presented as pictures. An illustration of a typical encoding
and test phase can be found in Figure 1. After completing both
blocks, participants were informed that the lie detection test
had ended and were asked to respond honestly to all subse-
quent questions. To guarantee that participants still remem-
bered the actual crime-related items, recognition was assessed
by asking the participants to select each item they had seen
in the crime story from a set of five items (the actual crime-
related item and four control items) from the same category
(e.g., all murder weapons), all presented in the modality in
which the crime-related item was encoded. At the end of the
experiment, participants provided demographic information
about their age, gender, home country, and native language.
The entire study was conducted in English.

Materials. To avoid stimulus-specific effects, we created
four different profiles. These profiles determined which items
were crime-related, target, or control items and which items
ipants had to encode a crime story, and the test phase, consisting of a verbal and
unterbalanced across subjects.

https://osf.io/84eas/
https://www.prolific.co
https://www.prolific.co
https://osf.io/sqv67/
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were presented verbally or pictorially during the encoding
phase for each participant (i.e., items that were crime-related/
presented verbally for one participant were control items/pre-
sented pictorially for another). Participants were counterbal-
anced over these four profiles and received their crime story
accordingly. The four crime stories included information about
four crime-related categories: murder weapon, stolen item, pet
of the victim, and mode of transport. Of these crime-related
items, two were presented as written words and two as images
(see Figure 2 for an example; the four crime stories can be
found at https://osf.io/bwc5d/). Participants were asked to read
the story carefully. Afterward, there was a 20 s time interval in
which participants were prompted to recall the four crime-
related items. Subsequently, participants read the crime story
again and filled possible memory gaps.

Before the beginning of the participants were instructed to
conceal their knowledge of the crime-related items presented
in the crime story. We informed them that if they would suc-
ceed to do this, they would obtain a monetary bonus. Then, a
new set of four target items from the same categories as the
crime-related items (i.e., one murder weapon, one stolen item,
one pet, and one mode of transport) was introduced. Partici-
pants were instructed to memorize these targets. During the
RT-CIT task, crime-related items and targets were presented
pseudo-randomly (see below) within a series of control items.
Participants were prompted with the question “Do you recog-
nize this item?” and instructed to respond “yes” to target items
and “no” to all other stimuli (i.e., crime-related items and con-
trol items) by pressing the corresponding buttons on their key-
board as quickly as possible (i.e., ‘q’ and ‘p’ respectively). This
procedure introduces a so-called stimulus–response incompati-
bility: Participants have to override their automatically acti-
vated response to the crime-related items (i.e., report crime-
related items as recognized) and initiate the correct response
instead (i.e., treat crime-related items as unrecognized, control
items), a process that is known to be time-consuming and error-
prone (see De Houwer & Verschuere, 2011). However, note
that labeling an item as (un)recognized might not be a crucial
aspect in the RT-CIT (Lukács & Ansorge, 2019). The targets
are used to ensure attention to the stimuli and ensure that par-
ticipants would not answer “no” to all items.
Figure 2. Illustration of one
As in Kleinberg and Verschuere (2015), all items were pre-
sented for 1500 ms on the screen with randomly varying inter-
stimulus intervals of either 250 ms, 500 ms, or 750 ms to
reduce anticipation and prepared responding. If no button
was pressed 800 ms after an item was displayed, the words
“TOO SLOW” appeared for 200 ms above the stimulus. If
the participant pressed the wrong key (e.g., indicating “yes”
for a crime-related item), the words “WRONG” appeared for
200 ms below the displayed item.

The test part of the RT-CIT was divided into two blocks, a
verbal block, and a pictorial block. Each block contained
instructions, training, and testing in one modality. The order
of the blocks (first the verbal or first the pictorial) was counter-
balanced across participants. Each block started with a training
phase to familiarize participants with the RT-CIT task. This
training phase consisted of three stages of 12 trials that became
increasingly similar to the testing phase in terms of response
limitations and feedback (see Table 1). In order to pass each
stage of the training phase, participants had to meet certain
accuracy and/or RT criteria. In stage 1 of the training phase,
participants had to reach an overall target accuracy of 50%.
In stage 2, we also required responses to be slower than
150 ms on at least 20% of the trials to prevent participants from
pressing the same button continuously. In stage 3, participants
also needed to obtain an average RT that was faster than
800 ms before they could move on to the testing phase. Partic-
ipants had one re-attempt per stage if they failed to meet the
criteria in their first attempt. After two unsuccessful attempts
within the same training stage of the first modality section,
the experiment was automatically terminated, since this indi-
cated bad compliance with the task.

After the training phase, the test trials started. Forty-eight
unique stimuli were used (i.e., 24 written words and 24
images), of which eight were crime-related (i.e., four verbal,
four pictorial), eight were targets (four verbal, four pictorial),
and 32 were control items (16 verbal, 16 pictorial). Participants
completed 240 trials in each of the two modality blocks. That
is, all 24 items of the respective modality were presented in a
random order and this process was repeated 10 times. An over-
view of the test stimuli per crime story can be found at https://
osf.io/p3xyf/.
of the four crime stories.

https://osf.io/bwc5d/
https://osf.io/p3xyf/
https://osf.io/p3xyf/


Table 1

Overview of Properties in the Training and Test Phase of the RT-CIT

Stage Trials Stimulus duration Accuracy feedback Response time feedback

Training 1 12 Self-paced “WRONG” No feedback
Training 2 12 1500 ms “WRONG” No feedback
Training 3 12 1500 ms “WRONG” “TOO SLOW”

Test 480 1500 ms “WRONG” “TOO SLOW”
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General Overview of Data Analyses

In all data analyses, we only included trials with a correct
response (i.e., ‘no” for crime-related and control items) with
RTs between 150 ms and 800 ms. We employed a within-
subjects design: Each participant encoded verbal and pictorial
stimuli and encountered both modalities in the test phase. That
is, item modality (i.e., verbal vs. pictorial) at encoding and at
testing were the independent variables. The dependent variable
was the standardized difference in RT (in milliseconds)
between the crime-related and control items per participant
(i.e., the CIT effect; dCIT = [MRT(crime-related) � MRT(control)]/
SDRT(control); see also Kleinberg & Verschuere, 2015).

We tested our hypotheses by performing a 2 by 2 Bayesian
repeated-measures (RM) ANOVA on the dCIT scores, with
encoding modality (verbal vs. pictorial) and test modality (ver-
bal vs. pictorial) as the two factors. In (Bayesian) RM
ANOVA, the same set of participants is tested multiple times
under different conditions, after which is assessed whether
there is a difference in means between the conditions. The
Bayesian approach of an RM ANOVA compares the predictive
performance of different models. The models under considera-
tion are the null model, where there are no differences between
the conditions (i.e., no effect), and the alternative models,
where there are differences between the conditions (i.e., there
is an effect). There are four alternative models in our analysis:
the model with only a main effect of encoding, the model with
only a main effect of testing, the model with two main effects
(encoding and testing), and their interaction. For each model, a
Bayes Factor (BF) is computed. This BF reflects how likely the
data are under that model compared to the null model. BF01
shows evidence in favor of the null model and BF10 shows evi-
dence in favor of an alternative model. Subsequently, we per-
formed follow-up post hoc comparisons (Bayesian t-tests
controlled for multiplicity). After comparing the different mod-
els, we compared the different effects. For each effect (i.e.,
both main effects and the interaction effect), we computed a
BFinclusion reflecting a comparison of all models containing a
particular effect to those without the effect. In other words,
BFinclusion can be interpreted as the evidence in the data for
including an effect or interaction, similar to BF10 in the case
of simple comparisons (see also van den Bergh et al., 2020).
Lastly, we checked whether there was a CIT effect present in
each modality condition. Therefore, we performed both a
one-tailed paired samples t-test and a Bayesian one-tailed
paired samples t-test on the crime-related-control item differ-
ence (in ms). For all analyses, we used JASP’s default prior r
scale of 0.5 for fixed effects in the Bayesian RM ANOVA
and the default Cauchy scale of 0.707 for all follow-up Baye-
sian paired sample t-tests.

In the RT-CIT task, error rates tend to be less reliable and
valid than RTs due to floor effects (i.e., often < 5% errors;
see Kleinberg & Verschuere, 2015). For the sake of comple-
tion, results for error rates can be found at https://osf.io/
7gh89/ for the pilot and https://osf.io/ru8eb/ for Study 1.

Results

Modality effects. Using a Bayesian RM ANOVA, the
alternative model that included the two main effects encoding
and testing and their interaction turned out to be the best per-
forming model. The BF indicated that the data are 82.27 times
more likely under that model than under the null model. The
data showed substantial evidence for the main effect of encod-
ing (BFinclusion = 3.65), and also our post hoc comparison
showed anecdotal evidence for a difference between verbally
and pictorially encoded items (BF10 = 2.08), such that items
encoded as pictures (MdCIT = 0.26, SDdCIT = 0.45) yielded lar-
ger dCIT scores than items encoded as words (MdCIT = 0.13,
SDdCIT = 0.39). However, a Bayesian comparison between
the pictorial-pictorial and the verbal-verbal condition showed
substantial evidence for the absence of a difference
(BF01 = 4.83). We found decisive evidence for the presence
of an interaction between encoding and testing (BFinclu-

sion = 104.82). dCIT scores were larger when there was a match
between encoding and test modality (MdCIT = 0.28,
SDdCIT = 0.48) than when there was a mismatch in modalities
(MdCIT = 0.11, SDdCIT = 0.34). Lastly, we found substantial
evidence for the absence of an effect of Testing (BFinclu-

sion = 4.55), which was also confirmed in our post hoc compar-
ison (BF01 = 6.75). The results are summarized in Figure 3.

CIT effect for each modality combination. We examined
whether RT-based CIT effects were present in each modality
condition and which modality condition yielded the largest
CIT effect (i.e., pictorial-pictorial, verbal-verbal, verbal-
pictorial, or pictorial-verbal). Descriptive statistics (means
and standard deviations of RTs of crime-related items and con-
trol items, the corresponding effect size, its 95% confidence
interval (CI), and the corresponding BF) can be found in
Table 2. Our results indicate the presence of a CIT effect in
the pictorial-pictorial condition (MdCIT = 0.32, SDdCIT = 0.54),
the verbal-verbal condition (MdCIT = 0.25, SDdCIT = 0.41), and
the pictorial-verbal condition (MdCIT = 0.20, SDdCIT = 0.33),
but not in the verbal-pictorial condition (MdCIT = 0.02,
SDdCIT = 0.33), suggesting that participants did not convert
verbal information to pictorial information.

https://osf.io/7gh89/
https://osf.io/7gh89/
https://osf.io/ru8eb/


Figure 3. Standardized differences between response time to crime-related and control stimuli (dCIT scores) for verbal versus pictorial encoding and testing in the
pilot and in Study 1. Error bars represent standard errors.
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Study 1

The pilot showed that congruency in modality between
encoding and testing was associated with better detection than
incongruency and that it was somewhat easier to detect recog-
nition of items that were encoded as pictures than items that
were encoded as written words. Importantly, our results sug-
gest that participants did not convert verbal information to pic-
torial information: Participants did not show recognition when
items were tested as pictures but encoded as words. To test the
robustness of these findings and to rule out the possibility that
the pilot’s results were due to the use of a mostly non-native
English-speaking sample, we recruited a new sample that con-
sisted of 50% native English speakers and 50% non-native
English speakers in Study 1.

Method

The method of Study 1 was identical to that of the pilot with
the only exception that we now collected a sample comprised
of 50% native English speakers and 50% non-native English
speakers. The study was preregistered (https://osf.io/vrkfq).
All materials, data, and analytic scripts have been made pub-
licly available and can be accessed at https://osf.io/84eas/.

As described in our preregistration, we first opened up the
experiment to 100 participants on Prolific. For 50 of these, we
required their native language to be English, for the other 50,
Table 2

Overview of Reaction Time-Based Crime-Related-Control Item Differences for Eac

RTs

Condition Crime-related Control
M (SD) M (SD)

Pictorial – pictorial 482 (59) 457 (37)
Verbal – verbal 504 (65) 480 (49)
Pictorial – verbal 499 (65) 480 (49)
Verbal – pictorial 459 (49) 457 (37)

Across modalities 486 (62) 468 (45)

Note. Reaction times are given in milliseconds. Cohen’s d expresses the size of the R
can be interpreted as a small effect, a Cohen’s d of 0.50 as a medium effect, and a C
more likely the alternative model is (participants were slower for crime-related item
a Reported number is BF01 which shows evidence for the null.
we allowed every native language except English. Eligibility
was restricted to participants between the ages of 18 and
45. Then, after applying our preregistered exclusion criteria
(see below), we ran a 2 (encoding: verbal vs. pictorial) by
2 (testing: verbal vs. pictorial) Bayesian RM ANOVA on
the dCIT scores in JASP. The decision to stop collecting data
was based on the BF of the main effect of encoding and the
BF of the interaction effect (by adding the main effects of
encoding and testing as nuisance variables to the null model).
We planned that once we would reach substantial evidence
for either the alternative hypothesis (i.e., BF10 larger than
5) or the null hypothesis (i.e., BF10 smaller than 1/5) for both
models (i.e., the main effect of encoding and the interaction
between encoding and testing), we would stop testing, other-
wise we would open up the experiment for another 100 par-
ticipants (Schönbrodt, Wagenmakers, Zehetleitner, &
Perugini, 2017). We intended to repeat this procedure until
we would reach substantial evidence for both models for
either the null or the alternative hypothesis or until we would
have tested N = 500. We reached substantial evidence favor-
ing the alternative hypotheses for both models after opening
up the experiment two times for 100 participants. In total,
we recruited 196 participants. Participants received £2 as
compensation and an additional £1 bonus payment when they
would beat the lie detector test (i.e., dCIT < 0.2; see
Kleinberg & Verschuere, 2015).
h Modality Combination in the Pilot Study (N = 73)

Differences between crime-related and control items

d [95% CI] BF10

0.60 [0.38, 1] 11210.80
0.60 [0.39, 1] 11922,80
0.59 [0.38, 1] 8802.46
0.08 [�0.11, 1] 4.17a

0.48 [0.37, 1] 7.96 � 1011

T difference between crime-related items and control items. A Cohen’s d of 0.20
ohen’s d of 0.80 as a large effect (Cohen, 1988). The BF10 expresses how much
s than for control items) than the null model.

https://osf.io/vrkfq
https://osf.io/84eas/
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Based on our preregistered exclusion criteria, we excluded
six participants because they terminated the experiment, four
participants because they did not recognize any crime-related
items by the end of the experiment, two participants due to high
(> 50%) error rates on at least one experimental test (i.e., verbal
or pictorial, both participants had less than 50% accuracy on
the verbal block), and another 26 participants due to high (>
50%) error rates on at least one item type (i.e., target, crime-
related, or control item; additionally, one participant who had
less than 50% accuracy on the verbal block also had less than
50% accuracy for an item type). Our final sample consisted of
158 participants (49% men, 48% women, 2% other gender, and
1% preferred not to say) with a mean age of 26 years
(SD = 7 years, range 18–45 years). Most participants indicated
to be of British (32%), Portuguese (13%), or Polish (13%)
nationality, and most reported English (47%), Portuguese
(13%), or Polish (13%) as their native language.
Results

Confirmatory analyses. The BF indicated that the data
were 2.98 � 107 times more likely under the alternative model
that included both main effects of encoding and testing and
their interaction than under the null model. The BFinclusion indi-
cated strong evidence for an effect of encoding (BFinclu-

sion = 10.77) and the post hoc comparison indicated
substantial evidence for a difference between verbal and picto-
rial encoding (BF10 = 8.01). Items that were encoded as pic-
tures yielded a higher CIT effect (MdCIT = 0.17,
SDdCIT = 0.40) than items that were encoded as words
(MdCIT = 0.08, SDdCIT = 0.41). However, a Bayesian compar-
ison between the pictorial-pictorial and the verbal-verbal condi-
tion showed substantial evidence for the absence of a
difference (BF01 = 8.71). In addition, the analysis indicated
decisive evidence for the model with the interaction effect
between encoding and testing (BFinclusion = 5.27 � 106). That
is, modality congruency between encoding and testing items
(i.e., the pictorial-pictorial and verbal-verbal conditions)
resulted in larger dCIT scores (MdCIT = 0.21, SDdCIT = 0.43)
than incongruent modality combinations (i.e., the pictorial-
verbal and verbal-pictorial conditions; MdCIT = 0.03,
SDdCIT = 0.36). Lastly, we found anecdotal evidence for the
absence of an effect of Testing (BFinclusion = 1.89), which
Table 3

Overview of Reaction Time-Based Crime-Related-Control Item Differences for Eac

RTs

Condition Crime-related Control
M (SD) M (SD)

Pictorial – pictorial 476 (56) 457 (42)
Verbal – verbal 485 (66) 469 (46)
Pictorial – verbal 478 (60) 469 (46)
Verbal – pictorial 453 (52) 457 (42)

Across modalities 473 (60) 463 (44)

Note. Reaction times are given in milliseconds. Cohen’s d expresses the size of the R
can be interpreted as a small effect, a Cohen’s d of 0.50 as a medium effect, and a C
more likely the alternative model is (participants were slower for crime-related item
a Reported number is BF01 which shows evidence for the null.
was also confirmed in our post hoc comparison
(BF01 = 2.23). Our findings are summarized in Figure 3.

Exploratory analyses.CIT effect for each modality combination.
We also tested whether each item modality combination
induced a CIT effect and which combination yielded the largest
CIT effect. Descriptive statistics (means and standard devia-
tions of RTs of crime-related items and control items, the cor-
responding effect size, its 95% CI, and the corresponding BF)
can be found in Table 3. The results indicate the presence of a
CIT effect in the pictorial-pictorial condition (MdCIT = 0.23,
SDdCIT = 0.42), the verbal-verbal condition (MdCIT = 0.19,
SDdCIT = 0.45), and the pictorial-verbal condition (MdCIT = 0.11,
SDdCIT = 0.38), but not in the verbal-pictorial condition
(MdCIT = �0.04, SDdCIT = 0.32), suggesting that participants
did not convert verbal to pictorial information.

Modality effects and language. To examine possible lan-
guage effects, we performed a 2 (encoding: verbal vs. pictorial,
within-subjects) by 2 (testing: verbal vs. pictorial, within-
subjects) by 2 (language: native vs. foreign, between-
subjects) Bayesian RM ANOVA on the dCIT scores. We found
substantial evidence for the absence of a three-way interaction
between encoding, testing, and language (BFinclusion = 4.55),
suggesting native versus non-native language did not moderate
the effect. A more detailed discussion of the results of this
exploratory analysis can be found at https://osf.io/zwfx8/.

General Discussion

The goal of this study was to examine modality effects in
concealed memory detection. Our first aim was to investigate
whether item modality at encoding would influence the CIT
effect. Next, we examined whether the CIT effect is affected
by (in)congruency between item modalities at encoding and
testing. Our results were qualified by a robust interaction
between encoding and test modality. That is, congruent item
modalities at encoding and testing yielded larger CIT effects,
while incongruent modality combinations resulted in a compar-
atively lower (for pictorial-verbal) or even absent (for verbal-
pictorial) CIT effect.

Perceptual Processing

Although the presence of the interaction limits its generaliz-
ability, items that were encoded pictorially were easier to detect
h Modality Combination in Study 1 (N = 158)

Differences between crime-related and control items

d [95% CI] BF10

0.52 [0.38, 1] 1.97 � 107

0.40 [0.27, 1] 19 261.05
0.26 [0.13, 1] 28.71

�0.14 [�0.27, 1] 33.33a

0.28 [0.21, 1] 8.53 � 108

T difference between crime-related items and control items. A Cohen’s d of 0.20
ohen’s d of 0.80 as a large effect (Cohen, 1988). The BF10 expresses how much
s than control items) than the null model.

https://osf.io/zwfx8/
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than items that were encoded verbally, especially when testing
was done using pictures. Moreover, no conversion across
modalities was observed when items were encoded as words.
These findings are in line with the dual code theory (Paivio,
1971), which suggests that pictures are processed via both
the verbal and nonverbal memory pathways and are therefore
stored as an image (e.g., picture of a dog) and its corresponding
label (e.g., “dog”). In comparison, words only invoke a verbal
code (e.g., “dog”). Therefore, items that were encoded as pic-
tures were more accessible at testing, resulting in a larger CIT
effect for encoded pictures than encoded words. Furthermore,
if participants only store a word as its verbal code, but are then
prompted with the corresponding picture, retrieval is hampered,
resulting in the lack of a CIT effect in the verbal-pictorial con-
dition. Similarly, the dual code theory also explains the CIT
effect in the incongruent pictorial-verbal condition. Encoded
pictures invoke both a visual and a verbal code: Even if partic-
ipants are prompted with the corresponding word during test-
ing, they can still retrieve the accompanying verbal code
from memory.

Conceptual Processing

The finding that congruent item modality at encoding and
testing resulted in a larger CIT effect than incongruent item
modality is consistent with the transfer-appropriate processing
account. This theory assumes that the cognitive processes per-
formed during encoding are recapitulated at retrieval (see
Rugg et al., 2015). Therefore, this theory predicts better mem-
ory performance when the type of processing is shared between
encoding and retrieval. In the context of the current experiment,
congruent item modalities at encoding and testing (pictorial-
pictorial or verbal-verbal) resulted in higher CIT effects. Previ-
ous research using the RT-CIT have found similar results: Items
that were encoded on a categorical (e.g., car) or exemplar level
(e.g., Citroën) incurred the largest CIT effect if the test modality
was congruent (i.e., category-category or exemplar-exemplar;
see Geven, Ben-Shakhar, Kindt, & Verschuere, 2019). Also
in memory literature, it has been shown that similarities
between study and testing are important determinants of mem-
ory performance (e.g., Stenberg et al., 1995; Weldon &
Roediger, 1987). The current results are inconsistent with the
results reported by Ben-Shakhar et al. (1996) that revealed a
complete generalization of the skin conductance CIT effect
from the verbal to the pictorial mode and vice versa. This incon-
sistency may be related to the use of very different dependent
measures (skin conductance vs. response time) which could
be driven by different underlying mechanisms (e.g., Klein
Selle, Verschuere, Kindt, Meijer, & Ben-Shakhar, 2016,
2017). Future studies will be needed to resolve this issue.

Practical Implications

Our results suggest that examiners should consider in which
modality a guilty suspect likely encoded crime-related informa-
tion and present items in a congruent modality during the test.
This way, the detection efficiency of the RT-CIT could be max-
imized. Since it can be challenging to find out how a suspect
encoded crime information, future research could examine
the possibility of presenting pictorial and verbal items simulta-
neously at testing (e.g., a picture of the victim’s dog with the
word “dog” printed below or above the picture).

The current findings also bear significance to one of the big-
gest challenges in CIT: the leakage problem. The notion that
only guilty suspects have knowledge about a crime is, unfortu-
nately, not always the case. Through newspapers, social media,
or even during interrogation itself, innocent suspects may be
exposed to critical details of the crime. Since the CIT only
detects whether a suspect has knowledge of particular aspects
of a crime, but not how this knowledge was acquired, leakage
of information can induce an enhanced response to the crime-
related items in informed innocent participants (Bradley et al.,
2011). Based on our results, it could be assumed that if the per-
petrator encoded crime-related aspects pictorially (i.e., visu-
ally) at the crime scene, while an innocent suspect only read
or heard about the crime in a verbal form, then a pictorial
CIT could protect the innocent suspect from being falsely
accused. It can be argued that leakage is not always limited
to a purely verbal form and encoding of a crime is not always
limited to a pictorial form. For instance, leakage can also occur
through pictures or videos of the crime, and certain crime-
related information could be encoded verbally by the perpetra-
tor (e.g., what was said in an extortion or threat, or the name of
a city). However, since it is much more likely that leakage
occurs verbally, and, arguably, almost all crime-related details
are encoded pictorially, the promising lack of conversion from
verbal to pictorial information found in the current study could
possibly protect informed innocents in a pictorial CIT. We
argue that the better the match between test and encoding,
the better the CIT will be able to detect the guilty and protect
the innocent. Related, in a study by Norman, Wade, Williams,
& Watson, 2020, crime scenes that were revisited in virtual
reality resulted in even better concealed recognition than 2D
images of these crime scenes.

Limitations

Apossible limitation of the current study could be the fact that
the stimuli were not split into crime-related, target, or control
items in a fully randomized manner. We prevented stimulus-
specific effects by preparing four profiles so that items that were
crime-related for one participant were control items for another.
However, it is still theoretically possible that the items that were
crime-related in each profile were simply more salient or took
more processing time for some reason than the other items. Fur-
thermore, as images have many varying properties, it is difficult
to properly compare them to verbal equivalents in a manner that
can be safely applied to other image types (e.g. from drawings in
the current study to photographs or even virtual reality), limiting
the generalizability of the reported results.
Conclusion

The current study demonstrated that successful detection of
crime knowledge with the RT-CIT depends on the way items
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are encoded and tested. We found evidence for a robust effect
of modality congruence. That is, our results suggest that the
CIT effect can be maximized if the testing modality is congru-
ent to the encoding modality. Interestingly, we also found no
conversion from verbal encoding to pictorial testing. When par-
ticipants encoded the crime-related items verbally and were
tested with pictorial representation of the items, crime-
knowledge was not detected. These results are in line with
the principles of the dual code and transfer-appropriate process-
ing account and highlight the involvement of both perceptual,
but in particular conceptual memory processing in the
RT-CIT.

Author Contributions

I.V., G.B., Y.P., and B.V. developed the study concept. I.V.
and F.R. set up the experiments, collected the data, and per-
formed the statistical analyses. G.B., Y.P., and B.V. provided
critical feedback. All authors contributed to and approved the
final version of the manuscript for submission.

Conflict of Interest

The authors declare that they have no conflict of interest.

Acknowledgments

We would like to thank Margreet Klein Willink for her help
in running the pilot.

Funding

This research was supported by The Morton and Barbara
Mandel Family Foundation 20637.

References

Ambach, W., Bursch, S., Stark, R., & Vaitl, D. (2010). A Concealed
Information Test with multimodal measurement. International
Journal of Psychophysiology, 75, 258–267. https://doi.org/
10.1016/j.ijpsycho.2009.12.007.

Ben-Shakhar, G., Frost, R., Gati, I., & Kresh, Y. (1996). Is an apple a
fruit? Semantic relatedness as reflected by psychophysiological
responsivity. Psychophysiology, 33, 671–679. https://doi.org/
10.1111/j.1469-8986.1996.tb02363.x.

Bevan, W., & Steger, J. A. (1971). Free recall and abstractness of
stimuli. Science, 172, 597–599. https://doi.org/
10.1126/science.172.3983.597.

Bradley, M. T., Barefoot, C. A., & Arsenault, A. M. (2011). 10
Leakage of information to innocent suspects. In Memory Detec-
tion: Theory and Application of the Concealed Information Test
(eds. B. Verschuere, G. Ben-Shakhar and E. Meijer). Cambridge
University Press, pp. 187–199. https://doi.org/10.1017/
cbo9780511975196.011.

Childers, T. L., & Houston, M. J. (1984). Conditions for a picture-
superiority effect on consumer memory. Journal of Consumer
Research, 11, 643–654. https://doi.org/10.1086/209001.

Cohen, J. (1988). Statistical power analysis for the behavioural
sciences. Routledge Academic.

Debey, E., De Schryver, M., Logan, G. D., Suchotzki, K., &
Verschuere, B. (2015). From junior to senior Pinocchio: A cross-
sectional lifespan investigation of deception. Acta Psychologica,
160, 58–68. https://doi.org/10.1016/j.actpsy.2015.06.007.

De Houwer, J., & Verschuere, B. (2011). Memory detection: Theory
and application of the concealed information test. In Detecting
concealed information in less than a second: Response latency-
based measures (eds. B. Verschuere, G. Ben-Shakhar and E.
Meijer). Cambridge University Press, Cambridge, United King-
dom, pp. 46–62. https://doi.org/10.1017/CBO9780511975196.004.

Ensor, T. M., Surprenant, A. M., & Neath, I. (2019). Increasing word
distinctiveness eliminates the picture superiority effect in recogni-
tion: Evidence for the physical-distinctiveness account. Memory &
Cognition, 47, 182–193. https://doi.org/10.3758/s13421-018-0858-
9.

Geven, L. M., Ben-Shakhar, G., Kindt, M., & Verschuere, B. (2019).
It’s a match!? Appropriate item selection in the Concealed
Information Test. Cognitive Research: Principles and Implica-
tions, 4(1), 1–11. https://doi.org/10.1186/s41235-019-0161-8.

JASP Team (2020). JASP [Computer software]. https://jasp-stats.org/.
Kirkpatrick, E. A. (1894). An experimental study of memory.

Psychological Review, 1, 602–609. https://doi.org/10.1037/
h0068244.

Kleinberg, B., & Verschuere, B. (2015). Memory detection 2.0: The
first web-based memory detection test. PLoS ONE, 10, e0118715.
https://doi.org/10.1371/journal.pone.0118715.

Klein Selle, N., Verschuere, B., Kindt, M., Meijer, E., & Ben-Shakhar,
G. (2016). Orienting versus inhibition in the Concealed Informa-
tion Test: Different cognitive processes drive different physiolog-
ical measures. Psychophysiology, 53, 579–590. https://doi.org/
10.1111/psyp.12583.

Klein Selle, N., Verschuere, B., Kindt, M., Meijer, E., & Ben-Shakhar,
G. (2017). Unraveling the roles of orienting and inhibition in the
Concealed Information Test. Psychophysiology, 54, 628–639.
https://doi.org/10.1111/psyp.12825.

Lukács, G., & Ansorge, U. (2019). Information leakage in the
response time-based Concealed Information Test. Applied Cogni-
tive Psychology, 33, 1178–1196. https://doi.org/10.1002/acp.3565.

Madigan, S. (2014). Picture memory. In J. C. Yuille (Ed.), Imagery,
Memory and Cognition (pp. 65-89). Psychology Press.

Meijer, E. H., Klein Selle, N., Elber, L., & Ben-Shakhar, G. (2014).
Memory detection with the Concealed Information Test: A meta
analysis of skin conductance, respiration, heart rate, and P300 data.
Psychophysiology, 51, 879–904. https://doi.org/10.1111/
psyp.12239.

Nelson, D. L. (1979). Remembering pictures and words: Appearance,
significance, and name. In L. S. Cermak, & F. I. M. Craik (Eds.),
Levels of processing in human memory (pp. 45–76). Erlbaum.

Norman, D. G., Wade, K. A., Williams, M. A., & Watson, D. G.
(2020). Caught virtually lying—Crime scenes in virtual reality help
to expose suspects’ concealed recognition. Journal of Applied
Research in Memory and Cognition, 9, 118–127. https://doi.org/
10.1016/j.jarmac.2019.12.008.

Osugi, A. (2011). Daily application of the concealed information test:
Japan. In Memory detection: Theory and application of the
concealed information test (eds. E. Meijer, B. Verschuere and G.
Ben-Shakhar). Cambridge University Press, pp. 253–275.

Paivio, A. (1971). Imagery and verbal processes, 1st ed. Holt,
Rinehart and Winston.

Rosenfeld, J. P., Ward, A., Thai, M., & Labkovsky, E. (2015).
Superiority of pictorial versus verbal presentation and initial
exposure in the P300-based, complex trial protocol for concealed

https://doi.org/10.1016/j.ijpsycho.2009.12.007
https://doi.org/10.1016/j.ijpsycho.2009.12.007
https://doi.org/10.1111/j.1469-8986.1996.tb02363.x
https://doi.org/10.1111/j.1469-8986.1996.tb02363.x
https://doi.org/10.1126/science.172.3983.597
https://doi.org/10.1126/science.172.3983.597
https://doi.org/10.1017/cbo9780511975196.011
https://doi.org/10.1017/cbo9780511975196.011
https://doi.org/10.1086/209001
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0030
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0030
https://doi.org/10.1016/j.actpsy.2015.06.007
https://doi.org/10.1017/CBO9780511975196.004
https://doi.org/10.3758/s13421-018-0858-9
https://doi.org/10.3758/s13421-018-0858-9
https://doi.org/10.1186/s41235-019-0161-8
https://jasp-stats.org/
https://doi.org/10.1037/h0068244
https://doi.org/10.1037/h0068244
https://doi.org/10.1371/journal.pone.0118715
https://doi.org/10.1111/psyp.12583
https://doi.org/10.1111/psyp.12583
https://doi.org/10.1111/psyp.12825
https://doi.org/10.1002/acp.3565
https://doi.org/10.1111/psyp.12239
https://doi.org/10.1111/psyp.12239
https://doi.org/10.1016/j.jarmac.2019.12.008
https://doi.org/10.1016/j.jarmac.2019.12.008
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0105
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0105
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0105
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0105
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0110
http://refhub.elsevier.com/S2211-3681(21)00009-7/h0110


676IS A PICTURE WORTH A THOUSAND WORDS?
memory detection. Applied Psychophysiology and Biofeedback,
40, 61–73. https://doi.org/10.1007/s10484-015-9275-z.

Rugg, M. D., Johnson, J. D., & Uncapher, M. R. (2015). Encoding
and retrieval in episodic memory: Insights from fMRI. In D. R.
Addis, M. Barense, & A. Duarte (Eds.), The Wiley handbook on
the cognitive neuroscience of memory (pp. 84–107). Wiley
Blackwell. https://doi.org/10.1002/9781118332634.ch5.

Sansgiry, S. S., Cady, P. S., & Adamcik, B. A. (1997). Consumer
comprehension of information on over-the-counter medication
labels: Effects of picture superiority and individual differences
based on age. Journal of Pharmaceutical Marketing & Manage-
ment, 11, 63–76. https://doi.org/10.3109/j058v11n03_05.

Schönbrodt, F. D., Wagenmakers, E. J., Zehetleitner, M., & Perugini,
M. (2017). Sequential hypothesis testing with Bayes factors:
Efficiently testing mean differences. Psychological Methods, 22,
322–339. https://doi.org/10.1037/met0000061.

Seymour, T. L., & Kerlin, J. R. (2008). Successful detection of verbal
and visual concealed knowledge using an RT-based paradigm.
Applied Cognitive Psychology, 22, 475–490. https://doi.org/
10.1002/acp.1375.

Shepard, R. N. (1967). Recognition memory for words, sentences, and
pictures. Journal of Verbal Learning and Verbal Behavior, 6, 156–
163. https://doi.org/10.1016/s0022-5371(67)80067-7.

Stenberg, G. (2006). Conceptual and perceptual factors in the picture
superiority effect. European Journal of Cognitive Psychology, 18,
813–847. https://doi.org/10.1080/09541440500412361.
Stenberg, G., Radeborg, K., & Hedman, L. R. (1995). The picture
superiority effect in a cross-modality recognition task. Memory &
Cognition, 23, 425–441. https://doi.org/10.3758/bf03197244.

Suchotzki, K., Verschuere, B., Van Bockstaele, B., Ben-Shakhar, G.,
& Crombez, G. (2017). Lying takes time: A meta-analysis on
reaction time measures of deception. Psychological Bulletin, 143,
428–453. https://doi.org/10.1037/bul0000087.

van den Bergh, D., Van Doorn, J., Marsman, M., Draws, T., Van
Kesteren, E. J., Derks, K., & ... Wagenmakers, E. J. (2020). A
tutorial on conducting and interpreting a Bayesian ANOVA in
JASP. L’Année Psychologique, 120, 73–96. https://doi.org/
10.3917/anpsy1.201.0073.

Weldon, M. S., & Roediger, H. L. (1987). Altering retrieval demands
reverses the picture superiority effect. Memory & Cognition, 15,
269–280. https://doi.org/10.3758/bf03197030.

Weldon, M. S., Roediger, H. L., & Challis, B. H. (1989). The
properties of retrieval cues constrain the picture superiority effect.
Memory & Cognition, 17, 95–105. https://doi.org/10.3758/
bf03199561.

Received October 22, 2020
Received in revised form March 9, 2021

Accepted March 11, 2021
Available Online: 9 June 2021

https://doi.org/10.1007/s10484-015-9275-z
https://doi.org/10.1002/9781118332634.ch5
https://doi.org/10.3109/j058v11n03_05
https://doi.org/10.1037/met0000061
https://doi.org/10.1002/acp.1375
https://doi.org/10.1002/acp.1375
https://doi.org/10.1016/s0022-5371(67)80067-7
https://doi.org/10.1080/09541440500412361
https://doi.org/10.3758/bf03197244
https://doi.org/10.1037/bul0000087
https://doi.org/10.3917/anpsy1.201.0073
https://doi.org/10.3917/anpsy1.201.0073
https://doi.org/10.3758/bf03197030
https://doi.org/10.3758/bf03199561
https://doi.org/10.3758/bf03199561

	Is a Picture&blank;Worth a Thousand Words? Congruency Between �Encoding and Testing Improves Detection of Concealed Memories
	Pilot
	Method
	Participants
	Procedure
	Materials

	General Overview of Data Analyses
	Results
	Modality effects
	CIT effect for each modality combination


	Study 1
	Method
	Results
	Confirmatory analyses
	Exploratory analyses
	CIT effect for each modality combination

	Modality effects and language


	General Discussion
	Perceptual Processing
	Conceptual Processing
	Practical Implications
	Limitations
	Conclusion

	Author Contributions
	Conflict of Interest
	ack26
	Acknowledgments
	Funding
	References




