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The Reaction Time-Based Concealed Information Test (RT-CIT) was designed to detect 
familiarity with crime-related information. However, RT-CIT results can be manipulated 
by preparing innocent-looking responses for these probes. We developed a new paradigm 
allowing us to assess such response preparation processes. In each trial of the task, a 
crime-related prime question was presented, followed by a test item which was either a 
publicly known item, an irrelevant item, or a probe. The test item could either match the 
question in terms of content or not, and a key had to be pressed if the answer was not 
publicly known (Go-Nogo task). In two experiments (total N = 138), we found evidence for 
both familiarity (slower reactions toward crime-related than unrelated information) and 
response preparation effects (less errors for probes matching the prime question) in 
guilty participants, indicating that the new paradigm can help to overcome problems of 
strategic response preparation. 

Introduction  

As humans cannot reliably detect deceptive communica
tion (Feeley & Young, 1998), crime investigators must gen
erally rely on indirect evidence such as fingerprints, DNA, 
and polygraph results to convict suspects. As one of the 
most prominent polygraph techniques, the Concealed In
formation Test (CIT) is designed to uncover guilty knowl
edge (Lykken, 1959, 1960). Suspects are presented with crit
ical crime-related items such as objects or photos from the 
crime scene that have not previously been leaked, along 
with irrelevant items unrelated to the crime in question. 
While innocent parties cannot reliably distinguish between 
critical and irrelevant stimuli, a guilty person can, and 
recognition of crime-related details can be measured using 
physiological indicators such as skin conductance or event-
related potentials (Meijer et al., 2014). 
Research has shown that paradigms comparing response 

latencies provide a valid index of deception too (Verschuere 
et al., 2010). The Reaction Time Based CIT (RT-CIT) typ
ically employs an oddball task, in which participants use 
a keyboard to respond to a sequence of briefly presented 
stimuli (Seymour et al., 2000; Seymour & Kerlin, 2008; 
Visu-Petra et al., 2012), which are of three types: probes, ir
relevant items, and targets. Probes are critical details about 
the crime that could only be recognized by the culprit; 

among the non-critical information, irrelevant items have 
not been encountered before while targets are memorized 
prior to the oddball task. In each trial, participants are 
asked to react as quickly as possible by pressing a specified 
key if the presented stimulus is a target and an alternate 
key if it is not. For innocent participants, this is a binary 
task that depends on stimulus familiarity (Verschuere & De 
Houwer, 2011); presentation of a familiar target elicits one 
response while presentation of either a critical but unfamil
iar probe or an irrelevant item triggers the other. 
A purely familiarity-based classification would result in 

fast reactions for all three stimulus types (Yonelinas, 2002). 
However, as both targets and probes are familiar to guilty 
participants, basing the response on familiarity alone 
would lead to an incorrect response whenever a probe is 
presented. Monitoring responses for the probes should slow 
down reaction times and increase errors in classification of 
probes as compared to irrelevant items because the auto
matic familiarity-based response must be overridden by an 
explicit decision to conceal knowledge of the probe (Ver
schuere & De Houwer, 2011). This RT-CIT effect is similar 
in size to physiology-based CIT effects (Suchotzki et al., 
2017). 
As reaction time tasks require less expensive technology 

and training than recording physiological signals, the RT-
CIT has been advocated by many researchers and practi
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tioners. In principle, however, reaction times are prone to 
manipulation strategies motivated by the intention to ap
pear innocent. Guilty suspects can mimic the behavior of 
innocents using two alternative strategies. The first option 
is to slow down one’s responses to irrelevant items. For ex
ample, Rosenfeld et al. (2004) showed that RTs could be 
increased by countermeasures such as pressing a finger or 
imagining a slap in the face when irrelevant items are pre
sented. As a consequence, RTs for irrelevant items could no 
longer be separated from RTs for probes, and test accuracy 
dropped from 91% to 45%. However, Suchotzki et al. (2021) 
recently showed in a high-powered study that response 
deadlines help to prevent the use of this strategy. The sec
ond strategy is to improve the classification response to 
probes (in terms of RT and error) by preparing the required 
responses before probes are presented. According to rele
vant accounts of stimulus-response binding and retrieval 
(Hommel, 1998, 2004, 2013; see also Frings et al., 2020, for 
a theoretical update), when a response is executed in tem
poral contiguity to a stimulus, an episode comprising stim
ulus and response is stored in episodic memory. Transfer
ring this account of S-R binding and retrieval to the domain 
of lying, Koranyi et al. (2015) showed that when a ques
tion is answered with a lie, knowledge about having lied to 
this question is automatically retrieved from memory when 
the question comes up again (Koranyi et al., 2015). A simi
lar effect was found for suppressed or omitted information, 
resulting in automatic retrieval of former lies of omission 
(Schreckenbach et al., 2020). 
Based on these findings, we assume that the retrieval of 

critical information and associated responses should also 
influence how participants respond during the RT-CIT. 
When a guilty suspect is asked during interrogation about a 
probe from the crime scene, they must override and correct 
their initial familiarity-based responses, replacing these 
with innocuous responses in order to appear innocent. Sim
ilarly, when preparing for an RT-CIT, guilty suspects who 
anticipate that critical items will be presented during the 
test may form “implementation intentions” (Gollwitzer & 
Sheeran, 2006), linking these stimuli to innocent-looking 
responses in order to conceal their familiarity with these 
items. These strategic preparations form stimulus-response 
episodes that connect the critical item to the response 
which is required in the task. These are subsequently re
trieved from memory when the stimulus appears again, 
triggering automatic activation of the planned response 
(Martiny-Huenger et al., 2017). By facilitating responses to 
probes, this retrieval effect reduces differences in response 
latencies for probes and irrelevant items, which corrupts 
the rationale of the familiarity effect and diminishes RT-
CIT sensitivity. 
Herein, we present a novel paradigm that captures famil

iarity-based effects (as in the RT-CIT) but simultaneously 
reveals response preparation processes, explicit or implicit 
(automatic) response alterations that might be used to con
ceal spontaneous reactions to critical items. It follows that 
guilty knowledge can no longer be fully concealed using re
sponse strategies, as it will either show up in familiarity-
based effects specific to probes or—if these effects are sup

pressed by response preparation processes—in automatic 
retrieval effects that are specific for probes too. 
In the novel paradigm, a priming question about the 

crime is followed by a go/no-go task in which a key must be 
pressed to suppress probes and irrelevant items that have 
not been leaked or memorized while no key is to be pressed 
if a target appears. For instance, when investigating the 
theft of exams and manuscripts from a university server, 
suspects might be asked to memorize the fact that exams 
have been stolen. When the target word exams is presented 
in the go/no-go task, no action is required; when an item is 
presented that was not part of the memorizing instructions, 
a go key must be pressed. However, this go response ap
plies both to irrelevant items such as payslips (which might 
have been stolen but were not), and to probes like manu
scripts, which were stolen but were not part of the memo
rizing instructions. While this is an easy task for innocent 
participants who know nothing about the critical (stolen) 
items (e.g., manuscripts), a guilty participant would be ex
pected to respond differently to probes and irrelevant items 
in a go trial: the higher familiarity of the probes means 
these should be mistaken as targets, which require a no-
go response, so delaying go responses to probes. This ef
fect structurally reflects a relevant S-R compatibility ef
fect (see De Houwer, 2003; Verschuere & De Houwer, 2011) 
since novelty temporarily becomes part of the Go response, 
which has to be pressed in order to stop officially unknown 
information to be expressed in response to a question. The 
familiarity of the guilty knowledge probes conflicts with the 
to-be-executed response since concealing guilty knowledge 
requires participants to press the STOP key (i.e., declaring 
the item as not known or unfamiliar) for these probes de
spite them being familiar. 
To conceal these familiarity-based delays, guilty sus

pects might develop a strategy that prepares a fast go re
sponse to the probes. If successful, this strategy will coun
teract familiarity-based slowing, diminishing or 
neutralizing differences between probes and irrelevant 
items. Importantly, such strategies can only be developed 
by guilty suspects, as only they can distinguish between 
probes and irrelevant items. Detection of such strategies 
is therefore another way of discovering guilty suspects and 
prevents them from eluding the paradigm. To detect the 
preparation of innocent-looking responses for probes, we 
introduced questions as primes in the go/no-go task. These 
questions refer to specific sets of probe items; for instance, 
the answers matching the question What was stolen? are the 
above-mentioned exams, manuscripts, and payslips. Each 
question pre-activates certain probes but pre-activates dif
ferent answers for guilty and innocent persons. In the case 
of innocent suspects, only exams will be activated by the 
question What was stolen? For guilty suspects, however, the 
same question will activate both exams and manuscripts. If 
a guilty suspect has prepared a go response for the probe 
manuscripts, the question will also activate the go response 
they prepared for this item. To expose these prepared re
sponses, go responses to probes after matching and non-
matching prime questions are compared. As prepared go 
responses for probes are elicited by matching questions, 
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Figure 1. Hypothesized effects.   
(A) For guilty suspects, the familiarity effect is reflected in increased response latencies and error rates for probes as compared to irrelevant items. (B) The retrieval effect is reflected 
in an interaction of prime question and probe type. Automatic activation of prepared go responses for probes by matching questions should reduce reaction times and error rates for 
probes after matching as compared to non-matching prime questions. 

faster go responses for probes after matching than after 
non-matching prime questions should be observed. On the 
other hand, no such difference should obtain for irrelevant 
items for which no go responses have been prepared, as 
irrelevant items are unknown to both guilty and innocent 
individuals. Importantly, this difference in responding to 
probes and irrelevant items after matching questions 
should obtain only for guilty suspects; as only they can dis
tinguish between probes and irrelevant items, only they can 
prepare go responses for probes. 
On that basis, we formulated the following predictions 

regarding guilty suspects for the four possible combinations 
of probes and irrelevant items with matching and non-
matching prime questions. (a) When responses are based 
on familiarity alone, responses to probes will be delayed 
regardless of whether the priming question is matching or 
non-matching, resulting in a main effect of probe type (Fig
ure 1A). (b) When guilty suspects prepare go responses for 
probes, there will be an interaction effect; prepared re
sponses will mute the familiarity effect, but this counter
acting effect of prepared go responses will be stronger af
ter matching questions (Figure 1B). By specifying these two 
indicators of concealed knowledge, the proposed paradigm 
should prove more informative in identifying guilty sus
pects than relying on the familiarity effect alone (as em
ployed by the RT-CIT). 
To validate the paradigm, we performed two online ex

periments employing a mock crime scenario. In the first 
experiment, we investigated only the response patterns of 
guilty participants. We predicted (a) a main effect for 
probes vs. irrelevant items because of the familiarity of 
the probes, and (b) an interaction of probe type and prime 
question because automatic retrieval of prepared go re
sponses for probes after matching prime questions neutral
izes the probe effect in the matching prime condition. In 
the second experiment, results were replicated, and a con

trol group of innocent examinees was included to assess ac
curacy of classification. 

Experiment 1   
Methods  

Participants and Design    

The experiment employed a 3 (probe vs. target vs. ir
relevant item) x 2 (matching vs. non-matching of priming 
question and stimulus) within-subjects design. Participants 
were recruited in January 2020 at a German university, us
ing the psychology department’s mailing list. In total, N 
= 58 undergraduates completed the experiment, exceeding 
the required minimum sample size (n = 54) to identify 
medium-sized effects (f = .25, α = .05, 1 – β = .80, assuming 
a default correlation of r = .05 between effects for probes 
and irrelevant items) as calculated using G*Power 3 (Faul 
et al., 2007). The participants (43 female, 15 male) ranged 
in age from 18 to 38 years (M = 21.57, SD = 3.93). All were 
offered partial course credit in exchange for their participa
tion. 

Procedure and Materials    

The experiment comprised three stages. In the first 
stage, participants were instructed to commit a mock crime 
by hacking a server at the university and downloading some 
documents. To obtain the password and access the files, 
they had to run two tools (e.g., Medusa and Grover) in a 
console window. On completing this task, they discovered 
that the files came from two departments (e.g., bioinformat
ics and philosophy) and included two types of documents 
(e.g., manuscripts and exams). The tools, departments, and 
documents employed in a given case were randomly se
lected from six such options (see online supplement). For 
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instance, the documents might equally have been payslips, 
contracts, certificates, or transcripts. 
In the second stage of the experiment, participants were 

told that they were under suspicion for the hack and should 
try to escape a digital investigator. The investigator first 
asked them to read a press release about the hack contain
ing only half the details of what participants would have 
encountered when committing the crime (e.g., that a tool 
named Grover was used to hack the university server in or
der to steal exams from the department of philosophy). The 
items named in the press release were the targets, and the 
unnamed crime-relevant items were the probes. Informa
tion that did not form part of the crime scene or press re
lease served as irrelevant items. After reading the press re
lease, a chat window opened, and the digital investigator 
asked for general personal information (e.g., How old are 
you?), as well as three crime-related questions (e.g., What 
has been stolen?). The critical questions could be answered 
by providing information from the press release, so allow
ing participants to conceal guilty knowledge from the in
vestigator. 
In the final stage of the experiment, participants com

pleted a go/no-go task (Figure 2). Each trial started with 
a fixation cross (400ms), followed by a priming question, 
which was always one of the three critical questions posed 
during the chat (1000ms). A possible answer was then pre
sented as a probe stimulus; this was either a target from 
the press release (e.g., exams), a probe (e.g., manuscripts), 
or an irrelevant item (e.g., payslips). After 1500ms, the word 
automatically moved toward the investigator at the top of 
the screen (500ms), indicating the utterance as an answer 
to the previously shown question. Participants were in
structed to utter nothing but target words; to cancel the ut
terance, they had to press the space key (go response) be
fore the text arrived at the investigator. This allowed us to 
measure response times when withholding probes (to ap
pear innocent) and irrelevant items (as instructed). When 
participants made a mistake (e.g., by pressing the key when 
a target word appeared or not pressing when a probe or ir
relevant item was shown), a message from the investiga
tor indicated that they were behaving suspiciously. A blank 
screen was shown for 1000ms between trials. To ensure cor
rect encoding of the material, attention checks were in
serted after some trials; the likelihood that a participant 
would be asked about the prime question or an answer 
shown in the current trial before the next trial started was 
7.5%. 
Trials were administered in two blocks. In Block 1 (96 

trials), prime questions and answer stimuli always matched 
(e.g., What was stolen? was followed by manuscripts) in or
der to establish a strong expectation that questions would 
be followed by matching probes. The study’s full 2 x 2 de
sign was realized in Block 2 (168 trials); that is, answers 
matched the prime question in the majority of trials (144 
trials or 86%) but were non-matching in the remaining 
24 trials (e.g., What was stolen? was followed by bioinfor
matics). Responses (go vs. no-go) were counterbalanced for 
both types of question, with 50% no-go (targets), and 50% 
go responses (25% probes, 25% irrelevant items) appearing 

after each type. A list of all trial combinations can be found 
in the online supplement. The experiment was pro
grammed and run using jsPsych (de Leeuw, 2015). 

Results  

The analysis of response times and error rates for probes 
and irrelevant items in Block 2 revealed that error rates in 
the go/no-go tasks (M = 2.5%) and attention checks (M = 
3.5%) were below 25% for all participants, which failed to 
justify exclusion from further analyses. We discarded re
sponse times (RTs) of erroneous responses and those that 
were below 250ms or more than three interquartile ranges 
above the third quartile of an individual’s RT distribution 
(far-outs; see Tukey, 1977), amounting in total to 1.7 % of 
all response times. 
RTs and error rates were compared for matching and 

non-matching trials and for probes and irrelevant items, 
using two-way repeated measures ANOVAs (Table 1). A 
main effect of stimulus type emerged for both RT and error 
data; on average, responses to probes were slower and more 
error-prone than for irrelevant items. A significant interac
tion was observed for error rates only; responses to probes 
(M = 2.6%) were more error-prone than to irrelevant items 
(M = 0.0%) when presented after a non-matching question 
(t[57] = 2.88, p = .006) as compared to a matching question 
(probes: M = 0.6%, irrelevant items: M = 0.6%, t < 1). This 
confirms the hypothesized retrieval effect (Figure 3). 
Importantly, the effects for error rates were not stable 

when removing the first non-matching trials for each item 
type and participant. In this case, both the main effect of 
item type and the interaction of item and prime failed to 
reach statistical significance (both p = .11, see online sup
plement). 

Discussion  

The results of the first experiment align with previous 
findings regarding the RT-CIT (Verschuere & De Houwer, 
2011). The rejection of familiar probes in a go/no-go task 
was found to require additional time and produced more er
rors than for irrelevant items as a consequence of familiar
ity, which is similar to what is observed in standard RT-CIT 
tasks with binary responses (e.g., Verschuere & De Houwer, 
2011). Most importantly, we also found evidence of strate
gic response preparation for probes. Comparing the effects 
of item type (probes vs. irrelevant items) for matching and 
non-matching prime questions, we found that error rates 
for probes were higher than for irrelevant items when pre
sented after non-matching prime questions. However, this 
effect was eliminated for matching prime questions. The 
interaction effect suggests that automatic retrieval of pre
pared responses for probes was triggered by correspond
ing questions (cf. Koranyi et al., 2015; Schreckenbach et al., 
2020). 
Interestingly, the interaction effect of item and prime 

type on error rates depended on participants’ reaction to
ward the first non-matching trials. When excluding these 
trials from the analyses, the effects turned insignificant. 
This finding might indicate that effects relating to the type 
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Figure 2. Trial structure of the go/no-go task.       

Table 1. Experiment 1 ANOVA results     

RT Error rate 

df F p ηG
2 F p ηG

2 

Item type: probe vs. irrelevant item (familiarity 
effect) 

57 26.47 < .001 .03 8.69 .005 .03 

Prime type: Matching vs. non-matching question 57 3.74 .058 .00 2.98 .090 .01 

Interaction of prime and probe type (retrieval 
effect) 

57 0.95 .334 .00 7.13 .010 .03 

Note: Results from two-way repeated measures ANOVAs. Bold values are statistically significant with p < .05. 

of prime question are short-lived and can be overcome by 
repeated presentations. However, the large differences in 
error rates between first and later non-matching stimuli 
may also stem from the first block of trials where only 
matching stimuli were presented. As participants got used 
to the matching, the reactions toward the first non-match
ing stimuli may have been particularly revealing with re
gard to the response preparation processes. We therefore 
tested whether the problem also appears if the first match
ing-only block is removed in a second experiment. In this 
second experiment we also investigated whether the re
trieval effect can be used to distinguish between guilty and 
innocent suspects. As the retrieval effect for probes indi
cates specific knowledge of those items, it should allow 

identification of guilty suspects—especially where familiar
ity effects are weak or non-existent. 

Experiment 2   

Unlike Experiment 1, in which every participant commit
ted a mock crime, Experiment 2 included a control group 
of innocent participants who committed no crime. This en
abled us to assess our paradigm’s accuracy of classification 
by comparing the response patterns of guilty and innocent 
participants. The experiment was preregistered1 and reused 
large parts of the material from Experiment 1. 

The preregistration protocol can be found at https://aspredicted.org/d9g2w.pdf. Please note that we originally planned to analyze In
verse Efficiency Scores (IES) only, as has been done in previous studies using different paradigms (e.g., Koranyi et al., 2015; Schrecken
bach et al., 2020). However, as analyzing reaction times and error rates separately provided more information about how the new para
digm is working, we decided to report these measures here. IES results align with error rate results and can be found in the online 
supplement. 

1 
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Figure 3. Experiment 1 pattern of means and 95% confidence intervals for RTs and error rates by item type                  
(probes vs. irrelevant items) and prime question (matching vs. non-matching).           

Methods  

Participants and Design    

The experiment employed a 2 (guilty vs. innocent group) 
x 3 (probe vs. target vs. irrelevant stimulus) x 2 (matching 
vs. non-matching of prime and stimulus) design. Group as
signment was random, and the other two factors were var
ied within subjects. Participants were recruited in October 
2020 at the same German university, using the psychol
ogy department’s mailing list. In total, N = 80 undergrad
uates (40 per group) completed the experiment, exceeding 
the required minimum total sample size (n = 54) to identify 
medium-sized effects per group (f = .25, α = .05, 1 – β = .95, 
assuming a default correlation of r = .05 between effects for 
probes and irrelevant items) according to G*Power 3 (Faul 
et al., 2007). Participants ranged in age from 18 to 28 years 
(M = 20.93, SD = 2.77). Of these, 68 were female, 10 were 
male, and 2 did not indicate their gender. All were offered 
partial course credit in exchange for their participation. 

Procedure and Materials    

The procedure and materials were the same as in Ex
periment 1, with two important changes. First, participants 
who were randomly assigned to the innocent group did 
not engage in the mock crime but were instead asked to 
evaluate the usability of the university website. Second, 
to shorten the experiment, go/no-go trials from Block 1 
were replaced by 20 (always matching) tutorial trials. The 

168 trials of the original experimental block remained un
changed. Again, the experiment was programmed and run 
using jsPsych (de Leeuw, 2015). 

Results  

For all participants, error rates in the go tasks (M = 
1.2%), no-go tasks (M = 7.2%) and attention checks (M = 
4.3%) were below 25%. Based on the same criteria as in Ex
periment 1, 0.8% of all trials were regarded as RT outliers 
and were discarded from all analyses. RTs and error rates 
were submitted to 2 (stimulus type: probe vs. irrelevant 
item) x 2 (priming question: matching vs. non-matching) 
x 2 (guilty vs. innocent subjects) mixed models ANOVAs. 
These revealed a significant three-way interaction for error 
rates, F(1,78) = 8.44, p = .005, ηG2 = 0.02, but not for re
sponse times, F(1,78) = 2.29, p = .134, ηG2 = 0.00. 
We also investigated effects separately for innocent and 

guilty participants, using two-way ANOVAs to compare RTs 
and error rates for matching and non-matching trials and 
between probes and irrelevant items. For innocent partici
pants (Table 2, top panel), RTs and error rates did not differ 
significantly across conditions (all F < 2.19, p > .147). For 
guilty participants, however, response times and error rates 
were higher for probes, indicating a familiarity effect.2 Most 
importantly, we found a significant interaction effect for er
ror rates (Table 2, bottom panel), indicating that guilty par
ticipants committed more errors in probe trials (M = 3.1%) 
than in irrelevant item trials (M = 1.5%) if prime question 

The effect for errors was significant only in a one-tailed test, but such a test corresponds to our directional hypothesis that was based on 
previous findings with the RT-CIT. 

2 
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Table 2. Experiment 2 ANOVA results     

RT Error rate 

df F p ηG
2 F p ηG

2 

Innocent participants 

Item type: probe vs. irrelevant item (familiarity 
effect) 

39 0.53 .469 .00 0.15 .701 .00 

Prime type: Matching vs. non-matching question 39 2.19 .147 .00 3.80 .059 .02 

Interaction of prime and probe type (retrieval 
effect) 

39 0.27 .605 .00 0.16 .690 .00 

Guilty participants 

Item type: probe vs. irrelevant item (familiarity 
effect) 

39 16.42 < .001 .05 3.56 .067 .01 

Prime type: Matching vs. non-matching question 39 4.29 .045 .01 3.11 .086 .02 

Interaction of prime and probe type (retrieval 
effect) 

39 2.51 0.12 .00 15.87 < .001 .04 

Note: Results from two-way repeated measures ANOVAs. Bold values are statistically significant with p < .05. 

and probe did not match (t[158] = 1.67, p = 0.048) while 
no such difference was observed after matching questions 
(probes: M = 0.9%; irrelevant items: M = 1.1%, t < 1) (see 
Figure 4). Importantly, the interaction effect remained sig
nificant when excluding the first non-matching trial for 
each item type and every participant from analyses (see on
line supplement), indicating the stability of the effect. In 
sum, the error patterns of guilty participants replicated the 
findings of Experiment 1, indicating both familiarity and 
retrieval effects, but no such effects were observed for in
nocent participants. 
To investigate whether the new paradigm could differ

entiate between innocent and guilty subjects, individual fa
miliarity and retrieval effects were calculated for RTs and 
error rates, and two logistic models were validated using 
the leave-one-out method. In the first model, group mem
bership was predicted by familiarity effects for RTs and er
ror rates (calculated as individual differences between stan
dardized RTs/error rates for probes and irrelevant items), 
resulting in a classification accuracy of 56.3%. In the second 
model, the list of predictors was extended to include re
trieval effects for RTs and error rates (calculated as indi
vidual differences between differences of RTs/error rates 
for non-matching probes and irrelevant items and differ
ences of RTs/error rates for matching probes and irrelevant 
items). This increased classification performance to 66.3%. 
Compared with the first model (AIC = 108.14), the second 
model better fitted the data (AIC = 99.38). In short, classi
fication was improved by considering both familiarity and 
retrieval effects. 

Discussion  

The second experiment replicated and extended the re
sults from Experiment 1; again, we found evidence for the 
response preparation processes when participants were 
guilty. While response times were generally higher for 
probes than for irrelevant items, higher error rates were 
observed only when probes followed non-matching ques
tion primes. After matching prime questions, this effect 

was eliminated, indicating retrieval of prepared no-go re
sponses for probes. As expected, no such effects could be 
found for innocent participants. As in Experiment 1, the re
sponse preparation effect of guilty participants relied on er
ror rates only. Contrary to our prediction, no interaction ef
fect could be found for response times. Future work should 
investigate possible explanations for this discrepancy. On 
one hand, it may result from a measurement problem. As 
both experiments were conducted online and response time 
measurement in web browsers can be assumed to show 
more latency and variance than in a lab environment, small 
effects may not be detected. Consequently, the experiments 
should be replicated in the lab. Alternatively, the pattern of 
results may stem from the instructions used in the exper
iment. While participants were instructed to make no er
rors, the go/no-go design stressed rapid responses by intro
ducing a response deadline for the go responses. Therefore, 
participants may have focused on minimizing reaction 
times for all trials, resulting in a floor effect, and conceded 
making errors in the minority of non-matching trials. Sim
ilar shifts of systematic variance from RTs to errors are of
ten obtained in speeded response tasks using a response 
deadline (e.g., Draine & Greenwald, 1998; Greenwald et al., 
1996; Musch & Klauer, 2001; Wentura & Degner, 2010). 
Looking beyond the findings of the previous experiment, 

we found that the classification of innocent and guilty par
ticipants improved significantly when not only familiarity 
effects but also retrieval effects were included as predictors 
in the regression. This confirms that the new paradigm’s 
ability to simultaneously assess familiarity-based and re
trieval-based effects for probes circumvents faking out
comes and improves discriminant validity. 

General Discussion   

We presented a new paradigm for detecting guilty 
knowledge that builds on the idea of the conventional RT-
CIT. In line with previous research about the RT-CIT (Ver
schuere & De Houwer, 2011), crime-related probes led to 
a familiarity-based increase in response times and error 
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Figure 4. Experiment 2 pattern of means and 95% confidence intervals for RTs and error rates by probe type                  
(probes vs. irrelevant items) and prime question (matching vs. non-matching), analyzed separately for guilty and                
innocent participants.   

rates among guilty suspects as compared to irrelevant in
formation. The new paradigm was also designed to detect a 
specific strategy to manipulate the outcome of the task by 
guilty participants: preparing innocent-looking responses 
to probes in order to conceal guilty knowledge. This strat
egy has previously been suggested to undermine the va
lidity and reliability of the RT-CIT (Verschuere & Meijer, 
2014). By including questions as prime stimuli that were 
presented immediately before the probes enabled us to 
elicit and measure retrieval processes for prepared re
sponses for probes that were triggered by the respective 
prime questions (cf. Koranyi et al., 2015; Schreckenbach 
et al., 2020). Matching questions eliminated the familiarity 
effect for probes. By exposing response preparation for 
probes, this type of manipulative strategy can be detected. 
Faked responses to probes are in themselves indicative of 
guilty knowledge and can be used to identify guilty sus
pects. In line with these considerations, the results of our 
second experiment revealed that using retrieval-based ef
fects to predict group membership improved the ability to 
discriminate between guilty and innocent suspects over and 

above familiarity-based effects. Importantly, participants in 
both experiments were not instructed on how the paradigm 
discriminates between guilty and innocent suspects, which 
is a prerequisite for the usual definition of faking behavior 
in the literature. While we think that even understanding 
the test would not help suspects to fake responses without 
being found out (as it should not be possible to counteract 
familiarity effects with prepared responses without simul
taneously being identified), future studies should evaluate 
the paradigm under more realistic conditions and check 
whether the classification performance changes when par
ticipants have been informed about how the paradigm is 
working. 
As the present study did not include any direct com

parison of the standard RT-CIT and the new paradigm, we 
cannot make strong or absolute claims regarding their rel
ative and absolute performance, which remains to be inves
tigated in future research. However, as the new paradigm 
and the RT-CIT assess familiarity-based effects, the former 
may outperform the RT-CIT, as the combination of famil
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iarity-based and retrieval-based effects was shown to out
perform predictions based on familiarity effects alone. 
Previous research has shown that a multiple probes pro

tocol for the RT-CIT is superior to variants of the task that 
use only a single probe (Verschuere et al., 2015). This ad
vantage of the multiple probes protocol can be explained in 
terms of response preparation processes, which are much 
easier and more efficient if they refer to only a single crit
ical item (e.g., preparing a “No” response to the question 
“Do you recognize this item?”). However, although more 
complex and probably less efficient, response preparation 
can influence results also in the multiple probes protocol of 
the RT-CIT, by preparing “No” responses for multiple dif
ferent items. To uncover these strategies, we developed the 
new paradigm, which allows an assessment of familiarity 
effects (as in the RT-CIT), but simultaneously also allows 
for an identification of response preparation strategies. Our 
paradigm deviates from the RT-CIT in several relevant re
spects, most importantly by replacing the standard two-al
ternative forced choice task (do you recognize this item? - 
yes vs. no) with a go/nogo task. The introduction of varying 
prime questions also slowed down responding in the new 
task, which might have reduced the reliance on familiarity, 
and thus weakened the familiarity effect. In the future, it 
might thus be worthwhile to develop a task that combines 
the rationale of our new paradigm with the two-alternative 
forced choice task that has previously been used in the RT-
CIT (measuring RTs also for targets as in the RT-CIT) in or
der to assesses response preparation by including matching 
and non-matching primes such as crime-relevant questions 
(as in the presented paradigm). 
A major limitation of the new paradigm is that it not 

only needs multiple crime information categories (e.g., 
what has been stolen, from whom, using what tool) but 
also two crime relevant items per category (one to be used 
as the target, and one as the critical probe). Such infor
mation is not always available in real investigations, limit
ing the use of the new paradigm. Another limitation of our 
study is that we validated the paradigm only in the context 
of mock crimes. For research and validation purposes, this 
strategy has some advantages in relation to the investiga
tion of real crimes, where a suspect’s guilt or innocence is 
typically uncertain, and a specific variant of the task has to 
be designed for each crime scenario. Nevertheless, the ulti
mate aim is to provide information about guilty knowledge, 
and the novel paradigm will ultimately have to demonstrate 
that it can predict guilt under more realistic circumstances. 
Clearly, with classification accuracy rates below 70%, the 
novel paradigm’s discrimination performance does not yet 
match the quality criteria for reliable categorization of indi
vidual suspects. However, classification rates may improve 
under more realistic conditions involving more extreme fa
miliarity effects and strategic attempts to conceal those ef

fects. As Kleinberg & Verschuere (2019) could show that 
finding the optimal statistical separation between lies and 
truths in a single dataset can produce overoptimistic ac
curacy rates, future research on the proposed paradigm 
should employ a cross-validation approach across multiple 
experiments. This also requires a closer look at how the 
paradigm performs under more realistic base rates. In Ex
periment 2, guilty and innocent participants were distrib
uted evenly but in real crime investigations more innocent 
than guilty suspects may be tested. Therefore, future re
search should assess both sensitivity and specificity in sce
narios with different base rates. 
While more research is certainly needed to assess the 

performance and predictive validity of the novel paradigm 
under more realistic conditions, one promising aspect of 
the new procedure is that it facilitates detection of re
sponse preparation for critical items, which could be an 
efficient faking strategy for this kind of test. As well as 
protecting the test from being compromised, the ability to 
identify this strategy also provides another more indirect 
means of identifying guilty knowledge, which is required to 
devise such a faking strategy in the first place. To that ex
tent, the promising findings reported here mark an impor
tant step toward the improvement and wider application of 
techniques for the reliable detection of concealed knowl
edge. 
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