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Abstract
Previous research has shown that the validation of incoming information during language comprehension is a fast, efficient, and
routine process (epistemic monitoring). Previous research on this topic has focused on epistemic monitoring during reading. The
present study extended this research by investigating epistemic monitoring of audiovisual information. In a Stroop-like paradigm,
participants (Experiment 1: adults; Experiment 2: 10-year-old children) responded to the probe words correct and false by
keypress after the presentation of auditory assertions that could be either true or false with respect to concurrently presented
pictures. Results provide evidence for routine validation of audiovisual information. Moreover, the results show a stronger and
more stable interference effect for children compared with adults.
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Many situations in which language is used require not only the
comprehension but also the validation of incoming linguistic
information—that is, judging whether the comprehended infor-
mation is true or false. Recent studies investigating the relation-
ship between comprehension and validation support the as-
sumption that validation occurs immediately and routinely dur-
ing language comprehension (e.g., Isberner & Richter, 2013,
2014a; Richter, Schroeder, &Wöhrmann, 2009; Singer, 2006).
All of these studies have used written materials as stimuli, thus
limiting the extant empirical evidence for routine validation to
the domain of reading. However, if validation is an inherent
component of language comprehension (Cook & O’Brien,
2014; O’Brien & Cook, 2016; Richter et al., 2009; Singer,
2013), it should not be restricted to the processing of written
language. Spoken language is often used in face-to-face com-
munications that are characterized by a richer pragmatic con-
text, which includes the physical environment in which the
communication is situated. This context potentially forms the
basis for validation. Moreover, for communication to be suc-
cessful, listeners need to align their mental representation with

that of the speaker. The comprehension of definite expressions
(e.g., sentences with demonstrative pronouns such as This is a
car) is a case in point. For comprehending such expressions,
listeners need to identify the intended referents that the speaker
has in mind (Chafé, 1976). We propose that validation plays a
crucial part in this process, as it allows for monitoring the con-
sistency of the content of a spoken message with the visual
information that is in the focus of the listener’s visual attention.
In this way, validation of audiovisual information might play a
major role in establishing and maintaining common ground
(Clark & Brennan, 1991) during conversation.

In order to fulfil this function, validation of audiovisual
information should proceed in a similarly passive and invol-
untary manner as the validation of written information. To test
this assumption, we conducted two experiments using a
Stroop-like paradigm adapted from Isberner and Richter
(2014a), one with adults and the other with children. In the
following, we will give a short overview of the theoretical
background of our study and of previous research regarding
language comprehension and validation.

Validation during language comprehension

Language comprehension involves more than the analysis of
words, sentences, and texts. The meaning of a sentence must be
integrated with information from prior sentences as well as with
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pertinent background knowledge. This integration process re-
sults in a mental representation of the state of affairs described
in the text (situation model: van Dijk & Kintsch, 1983; Zwaan
& Radvansky, 1998). However, there is a growing consensus
that comprehension involves routine and nonstrategic valida-
tion processes (O’Brien & Cook, 2016; Richter, 2015; Singer,
2013). Validation processes are assumed to check incoming
information for inconsistencies and implausibility and have an
effect on whether or not a particular piece of information be-
comes part of the current situation model (epistemic monitor-
ing: Richter et al., 2009; Schroeder, Richter, & Hoever, 2008).
Conscious and strategic validation of incoming information,
like that assumed by two-step models of comprehension and
validation (Gilbert, 1991), would be unsuited for this purpose.
In contrast to the kind of validation highlighted in these models,
epistemic monitoring processes are assumed to require little
cognitive resources because they rely on knowledge that is
activated through passive memory-based processes (e.g.,
McKoon & Ratcliff, 1995; Myers & O’Brien, 1998; O’Brien
& Albrecht, 1992) and are themselves passive and involuntary.
Therefore, no conscious and resource-demanding strategies are
needed to activate the knowledge that incoming information is
validated against, and no such strategies are needed to use the
activated knowledge for validating incoming information.

A growing body of research supports the idea of routine
and nonstrategic validation during language comprehension
(e.g., Isberner & Richter, 2013, 2014a; O’Brien & Cook,
2016; Richter et al., 2009; Singer, 2006; see Isberner &
Richter, 2014b, for an overview). Some of these studies have
used an epistemic version of the Stroop paradigm (Stroop,
1935). In applications of this paradigm, participants judged
whether the last word of a sentence was spelled correctly or
incorrectly (Isberner & Richter, 2013; Richter et al., 2009),
whether the last word of a sentence had changed color
(Isberner & Richter, 2013), or which one of two possible
probe words (correct or false) appeared immediately after
the presentation of a sentence (Isberner & Richter, 2014a; a
task originally introduced by Wiswede, Koranyi, Müller,
Langner, & Rothermund, 2013). The experimental sentences
were either true (e.g., Mountains are high) or false (e.g., Soft
soap is edible) and presented word-for-word at a fixed rate of
presentation (e.g., 300-ms/word). Importantly, the truth value
of the sentences was irrelevant for responding to the focal task
(i.e., orthographic judgments, color change judgments, or
probe-word identification), in analogy to the original Stroop
task, where the meaning of a word is irrelevant for the task of
naming the color in which it is printed. One difference to the
original Stroop task is the (sometimes) asynchronous presen-
tation of the sentence that is validated and the stimulus for the
focal task (e.g. the probe word correct or false that requires
pressing one of two keys). However, it is important to note
that the validation response can be formed only at the point
where the truth value of the sentence can be computed, and

almost all applications of the paradigm (including the present
experiments) have presented the stimulus for the focal task
immediately after this point (the only exception being the
experiment by Wiswede et al., 2013).

In all applications of the paradigm, a congruity effect
between the validity of a sentence and the required re-
sponse in the judgment or identification task occurred
(epis temic Stroop effect : Richter et a l . , 2009) .
Participants showed slower response times for conditions
in which the validity of the sentence and the required
response in the task were incongruent compared with con-
gruent conditions. For example, spelling judgments re-
quiring the response Byes^ (Is the word spelled correctly?)
were slower after invalid sentences (e.g., Soft soap is
edible) compared with valid sentences (e.g., Mountains
are high; Richter et al., 2009, Experiments 3 and 4).
These results may be interpreted as supporting the idea
of routine and nonstrategic validation processes during
language comprehension, as participants were not able to
ignore the validity of the sentences even when it was
irrelevant to the task. Other studies using reading times
or event-related potentials as indicators of validation (e.g.,
Ferretti, Singer, & Patterson, 2008; Singer, 2006) similar-
ly support the idea of routine and nonstrategic validation
of incoming information during language comprehension
(although they, unlike studies using the epistemic Stroop
paradigm, do not directly test the involuntary nature of
validation; i.e., whether it can be suppressed if necessary).
However, common to all of the abovementioned studies is
that they are concerned with validation during reading,
although the assumption of routine and nonstrategic vali-
dation processes, from a theoretical perspective, is not
limited to comprehension in a specific modality. So far,
there are no studies that have tested the assumption of
routine validation processes during the comprehension of
spoken language. Therefore, given the potential relevance
of validation in face-to-face communications, one goal of
the present study is to examine the epistemic Stroop effect
(Richter et al., 2009) for oral language comprehension.

Integrating and validating linguistic information
with visual information

In many situations involving oral language comprehension,
such as watching TVor engaging in conversations, the incom-
ing auditory information is accompanied by information from
the listener’s visual environment. Very often, comprehension
requires processing these different sources of information in
conjunction, which necessitates directing visual attention to
(potential) referents of the linguistic input in the real world.
Tanenhaus, Spivey-Knowlton, Eberhard, and Sedivy (1995)
were among the first to investigate systematically the interplay
between visual and linguistic information. They had
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participants listen to auditory sentences like BPut the apple on
the towel in the box,^ in which one phrase (in this example,
Bon the towel^) was ambiguous (it could be either a modifier
or a destination), while concurrently presenting themwith sets
of objects and recording their eye movements. The results
showed that listeners presented with ambiguous sentences
use visual information immediately to avoid a syntactic mis-
analysis (Tanenhaus et al., 1995). This paradigm used by
Tanenhaus and colleagues is now known as the visual world
paradigm and has inspired a large body of research during the
past decades (for a detailed review, see Huettig, Rommers, &
Meyer, 2011). In later experiments, the visual world paradigm
has been used to show that people draw on both the visual
context and their world knowledge to anticipate upcoming
linguistic input (e.g., Altmann & Kamide, 1999, 2007, 2009;
Knoeferle & Crocker, 2006, 2007). Altmann and Kamide
(1999) presented participants with semirealistic pictures of
scenes (e.g., a boy, a cake, toys) and auditory sentences re-
garding these scenes (e.g., BThe boy will eat/move the cake^).
They showed that participants started to focus significantly
earlier on the cake in the Beat^ condition compared with the
Bmove^ condition. Even though there was no explicit exper-
imental instruction to focus on the screen or, as in the study by
Tanenhaus et al. (1995), to move a particular object, partici-
pants focused on the relevant objects mentioned in the
sentence.

Studies using the visual world paradigm provide com-
pelling evidence that comprehenders immediately and in-
crementally integrate linguistic and visual information, en-
abling them to both disambiguate and anticipate linguistic
input. However, this also suggests the existence of an effi-
cient mechanism to detect discrepancies between these two
sources of information. We propose that validation serves
as such a mechanism, just as it allows detecting discrepan-
cies between linguistic information and prior knowledge.
In the present study, we tested this assumption with a var-
iant of the epistemic Stroop paradigm, which combined
pictures with auditorily presented sentences that either
matched or mismatched the content of the picture. The
paradigm emulated a basic requirement in face-to-face
communication (i.e., for listeners to monitor whether their
visual attention is focused on the correct target of demon-
strative referential expressions).

How Stroop-like is the epistemic Stroop effect?

Most of the previous studies investigating validation dur-
ing language comprehension using a Stroop-like paradigm
have reported an interference effect between the required
response in a simple judgment or decision task and the
task-irrelevant truth value of an assertion presented imme-
diately before (e.g., Isberner & Richter, 2013, 2014a;
Richter et al., 2009). However, one may wonder whether

this effect is indeed evidence for routine and nonstrategic
validation processes or whether it could just be an artifact
of the task that might induce an evaluative mindset (as
criticized by Wiswede et al., 2013). To address this ques-
tion, it is useful to examine how the epistemic Stroop effect
compares to the classical Stroop effect (Stroop, 1935). The
classical Stroop paradigm (Stroop, 1935) as a commonly used
and well-evaluated paradigm has proven to be a good instru-
ment to investigate routine and automatic processes. Although
the Stroop effect is known to be robust, studies have shown
that participants can learn to control Stroop interference with
practice (Dulaney & Rogers, 1994; Ellis & Dulaney, 1991;
Ellis, Woodley-Zanthos, Dulaney, & Palmer, 1989).
Therefore, the magnitude of the Stroop effect seems to be a
function of the time on task. Thus, if the epistemic Stroop
effect is indeed due to routine validation processes during
language comprehension, the interference effect should be
strongest at the beginning of the experiment and decrease over
the course of the experiment. This prediction is rooted in the
assumption that individuals will be able to learn to suppress
the response tendency resulting from the validation process, as
they are able to learn to suppress the reading response in the
classical Stroop color-naming task.

Is the epistemic Stroop effect stronger for children
than for adults?

Developmental studies investigating the classical Stroop ef-
fect reported an inverted U-shaped trajectory of Stroop inter-
ference. The Stroop effect appeared in elementary school chil-
dren already able to read and increased during the first 2 to 3
years of reading practice, and then decreased continuously
during adolescence (e.g., Comalli, Wapner, & Werner, 1962;
Dash & Dash, 1982; Peru, Faccioli, & Tassinari, 2006; Rand,
Wapner, Werner, & McFarland, 1963; Schadler & Thissen,
1981; Schiller, 1966). It has been suggested that the Stroop
interference is a function of reading practice, but that this
positive relationship is overshadowed by the concurrent de-
velopment of inhibitory capacity, which improves during ear-
ly adolescence (Comalli et al., 1962). That would explain the
increase of Stroop interference in the first years after reading
acquisition, and the decrease during adolescence. In line with
this idea, a number of studies have shown larger Stroop inter-
ference for children than for adults (e.g., Carter, Mintun, &
Cohen, 1995; Comalli et al., 1962; Guttentag & Haith, 1978;
Vurpillot & Ball, 1979), and there are other studies suggesting
that children have relatively weaker inhibitory control
(Ridderinkhof, Band, & Logan, 1999; Tipper, Bourque,
Anderson, & Brehaut, 1989; cf. Bub, Masson, & Lalonde,
2006). Therefore, if the validation of oral language against
information from the visual context is indeed a routine pro-
cess, similar age-related differences should occur for the au-
diovisual epistemic Stroop effect as well. Specifically, we
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expected children to exhibit a larger and more stable epistemic
Stroop effect than adults. If the epistemic Stroop effect is
already present (and even stronger) in children, this would
also constitute evidence for the assumption that validation is
not merely a learned higher-level reading process that be-
comes automatized over time, but indeed inherent to and a
fundamental component of language comprehension.

Rationale of the present experiments

The present research aimed at answering three related research
questions that revolve around the assumed routine validation
of linguistic information. First, given that earlier research on
validation focused on readers’ knowledge-based validation in
the processing of written information only, we sought to es-
tablish an epistemic Stroop effect with audiovisual informa-
tion. We base this endeavor on the assumption that validation
processes play an important role in aligning linguistic and
visual information in communication situations. In two exper-
iments, we tested this assumption by showing participants
pictures of objects and concurrently presenting auditory asser-
tions about these objects that were either true or false. After
the presentation of each picture-assertion combination, partic-
ipants responded to one of two probe words (correct or false)
by pressing one of two different keys. The probe words could
be either congruent or incongruent with the truth value of
the picture-assertion combination (audiovisual epistemic
Stroop task). More specifically, the experimental sentences
were simple assertions with a demonstrative that required a
visual context for interpretation (e.g., This is a car).
However, the task was not to interpret or validate the as-
sertion or to relate its content to the picture but only to
identify the probe word that appeared after the assertion
by pressing the corresponding key. For conditions in which
the truth value of the picture-assertion combination and the
target word were incongruent, we expected slower re-
sponses to the target word and higher error rates compared
with conditions in which the truth value of the picture-
assertion combination and the target word were congruent
(audiovisual epistemic Stroop effect).

The second aim was to show that the audiovisual epistemic
Stroop effect is strongest in the beginning of an experiment
and decreases over the course of an experiment as the number
of incongruent picture-assertion combinations that a partici-
pant has seen increases. This pattern would provide additional
evidence for the notion of routine validation processes that
occur spontaneously but whose interference can be sup-
pressed through strategies learned over the course of an ex-
periment, just like the interference by the reading response in
the original Stroop task.

The third aim was to investigate whether the magnitude of
the audiovisual epistemic Stroop effect differs between chil-
dren and adults. We conducted two experiments, Experiment

1 with adults and Experiment 2 with children (fourth graders),
to test the assumption that the epistemic Stroop effect is stron-
ger for children compared with adults.

Experiment 1

Experiment 1 used the audiovisual version of the epistemic
Stroop paradigmwith adults. The trials were divided into three
blocks to investigate potential changes in the magnitude of the
epistemic Stroop effect over the course of the experiment.

Method

Participants

Sixty-nine undergraduate psychology students from the
University of Kassel (Germany) participated in the experiment
in exchange for course credit. All participants (54 females and
15 males) reported normal or corrected-to-normal vision and
were either native German speakers or spoke German since
the age of 6. Their average age was 25.8 years (SD = 7.1).

Stimulus material

The stimuli were valid or invalid auditory assertions about
simple pictures. All pictures depicted a colored or black ob-
ject, for example, a car, on a white background. The pictures
were simple, schematic pictures for which conflicts with par-
ticipants’ world knowledge were highly unlikely. The audito-
ry assertions had the structure BThis is [a/an] [concept noun]^
(e.g., This is a car) and were 2,000-ms long with a flow time
between 150 and 250ms after the last audible sound. The final
stimulus set consisted of 240 assertions and 240 pictures. Two
pictures of the same category (e.g., car/bike of the category
vehicles) and their corresponding valid assertions (e.g., This is
a car/This is a bike) were combined to create an itemwith four
versions (two valid and two invalid versions; see Fig. 1). To
make sure that no picture or assertion was presented more than
once to the same participant, we created four lists with 120
items each (60 valid and 60 invalid versions), including one
version of each item.

Norming study

The complete material was pilot tested. The 14 participants of
the norming study were asked to indicate for an original pool
of 182 items whether the assertion about the picture was valid
(correct) or invalid (incorrect). The items were presented in
random order on a computer screen, using four different item
lists to counterbalance the four versions of each item. All
items with more than two incorrect responses across all four
versions were dropped from the item pool. Furthermore, all
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items with response latencies that deviated more than three
standard deviations from a participant’s overall mean, a par-
ticipant’s mean reaction time for valid items or a participant’s
mean reaction time for invalid items were dropped. This re-
sulted in a set of 121 items, 120 of which were selected as
experimental items; 62 further items from the original item
pool were used as example or icebreaker items.

Procedure

Participants were tested in groups of up to five people and
instructed to press one of two keys in response to the probe
words correct (German: richtig) or false (German: falsch).
Participants responded to the probe word correct by pressing
the K key with the index finger of the right hand and to the
probe word false by pressing the D key with the index finger
of the left hand. Thus, the validity of the picture-assertion
combination was irrelevant for the probe-word task. In 30 of
the 120 trials, participants were prompted to categorize the
object presented in the picture by pressing a key (four re-
sponse options). These control questions were used to ensure
that the participants paid attention to the pictures (and could
not, for example, simply close their eyes to suppress the as-
sumed interference). Here, again, the validity of the picture-
assertion combination was irrelevant to successfully solve the
task.

The sequence of each trial was as follows: After a fixation
point displayed for 500 ms, the picture was displayed for
2,200 ms. One hundred ms after the onset of the picture, the
participants heard the auditory assertion about the picture via
headphones. Each assertion had a length of 2,000 ms. One
hundred ms after the offset of the assertion, the picture disap-
peared and one of the two probe words was presented until
participants provided a response to the presented probe word
(see Fig. 2). In the 30 trials that contained an additional cate-
gorization task, the prompt to categorize the picture and four
alternative responses appeared on the screen immediately after

the response to the probe word. The items were presented in
three blocks of 40 items each. After each block, participants
were allowed to take a short break before starting the next
block. Furthermore, they received feedback regarding their
response latencies and accuracy in the previous block. If a
person’s accuracy was lower than 80% in the previous block,
the person was reminded that the task was not to validate the
truth value of the picture-assertion combination, but to simply
respond correctly to the presented probe word. The experi-
ment took on average between 20 and 30 minutes.

Design

The designwas a 2 (validity: valid vs. invalid picture-assertion
combination) × 2 (probe word: correct vs. false) × 3 (block: 1
vs. 2 vs. 3) within-subjects design. The dependent variables
were the response latencies and the response accuracy in the
epistemic Stroop task.

Results and discussion

Response latencies and error rates were analyzed with linear
mixed-effects models by using the lmer and glmer function of
the R package lme4 Version 1.12 (Bates, Mächler, Bolker, &
Walker, 2015). Interactions were further analyzed using the
lsmeans function in the lsmeans package (Lenth, 2016). In
all significance tests, Type I error probability was set at .05
(two-tailed).

Data cleaning

In a first step of data cleaning, responses within 10 ms after
stimulus onset or exceeding 5 s were removed from the data
set (0.07% of the data points). In the second step, participants
and items were screened for unnaturally high error rates. Data
from participants with an error rate of more than 40% in the
epistemic Stroop task were removed from the data set,

Fig. 1 Examples of experimental items in four different versions (four combinations of pictures with assertions; two valid, two invalid) from the
categories of vehicles (a) and fruits (b)
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resulting in the exclusion of two participants. This cutoff was
chosen because even though the task was an easy one, we
expected participants to make more errors in incongruent con-
ditions compared with congruent conditions. Thus, an error
rate of 50% could be a result of random responses, a very
strong epistemic Stroop effect, or a misunderstanding of the
task. The cutoff was chosen to be low enough to exclude
participants that responded randomly and high enough to keep
participants that showed a strong epistemic Stroop effect. The
average error rate for the experimental items in the epistemic
Stroop task was 1.8%, with no item exceeding an error rate of
8%. Therefore, no items needed to be removed. All partici-
pants made less than 40% errors when responding to the con-
trol questions, and no participants were removed based on this
criterion. Overall, the data cleaning resulted in a data set with
8,038 data points. This data set was used for the analysis of the
error rates.

For the analysis of the response latencies, a third step of
data cleaning was applied to the data set of correct responses
resulting from the first data cleaning. An inspection of the
distribution revealed the positive skew typical for response
latencies, which often leads to a nonnormal distribution of
the residuals (and thus, a violation of the assumptions of linear
mixed models). To find the most adequate transformation for
achieving a more symmetrical distribution, a Box-Cox analy-
sis was used, revealing a lambda close to zero (λ = −0.11).
Based on the ladder of powers (Mosteller & Tukey, 1977), a
log transformation was determined to be the most adequate

transformation to reduce the nonnormality. Response latencies
deviating more than two standard deviations from the log-
transformedmean of each participant (4.5% of the data points)
were treated as outliers and removed from the data set. This
final step of data cleaning procedure resulted in a data set with
7,545 data points.

Response latencies

Response latencies of correct responses were analyzed with a
linear mixed model with random effects (random intercepts)
of subjects and items.

Table 1 provides estimates and significance tests of the
fixed effects. Here and in the remainder of the manuscript,
we describe only the effects relevant for our hypotheses.
(The other significant effects are displayed in the Tables 1,
2, 3, and 4; none of them affected the interpretation of
hypothesis-relevant results.)

First, the predicted epistemic Stroop effect in terms of an
interaction of probe word and validity of the picture-assertion
combination was significant. Planned comparisons revealed
that this interaction was due to responses to the probe word
false (M = 535ms, SE = 10ms) being slower than responses to
the probe word correct (M = 515 ms, SE = 9 ms) after valid
picture-assertion combinations, t(91.7) = −6.19, p < .001,
whereas no significant difference was observed for responses
after invalid picture assertions, t(91.2) < 1.

Fig. 2 Structure of (a) a congruent trial with a valid picture-assertion
combination and the probe word correct, (b) an incongruent trial with a
valid picture-assertion combination and the probe word false, (c) a

congruent trial with an invalid picture-assertion combination and the
probe word false, and (d) an incongruent trial with an invalid picture-
assertion combination and the probe word correct
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Furthermore, the three-way interaction of probe word, valid-
ity, and block was significant (see Fig. 3). Separate follow-up
tests for each block revealed a disordinal interaction between
validity and probe word, t(7,443.8) = −4.43, p < .001, in Block
1: After valid picture-assertion combinations, responses to the
probe word false (M = 553 ms, SE = 11 ms) were slower
compared with the probe word correct (M = 536 ms, SE = 10
ms), t(91.4) = 2.83, p < .05. For invalid picture-assertion com-
binations, the reverse effect occurred. Here, responses to the
probe word correct (M = 571 ms, SE = 11 ms) were slower

compared with the probe word false (M = 550 ms, SE = 11ms),
t(92) = −3.31, p < .01. Thus, responses were overall slower
when the probe word mismatched than when it matched the
task-irrelevant validity of the picture-assertion combination.

In Block 2, the follow-up analysis again revealed a signifi-
cant two-way interaction of probe word and validity, t(7,443.8)
= −3.41, p < .001. This interaction was now semidisordinal,
with responses to the probe word false (M = 531 ms, SE = 10
ms) still being slower compared with responses to the probe
word correct (M = 509 ms, SE = 10 ms) after valid picture-
assertion combinations, t(92.1) = 3.84, p < .01. However, the
difference between the probe words after invalid picture-
assertion combinations disappeared, t(91.7) = −.93, p = .787.

In Block 3, the two-way interaction of probe word and
validity was no longer significant, t(7,443.8) = −0.53, ns.
Instead, there was a strong main effect of probe word,
t(7,446.5) = 5.27, p < .001, with responses to the probe word
false (M = 522 ms, SE = 10) now being generally slower than
to the probe word correct (M = 499ms, SE = 10), regardless of
the validity of the picture-assertion combination.

Error rates

The error rates in the epistemic Stroop task were analyzed
with generalized linear mixed models with subjects and items
included as random effects (random intercepts). Table 2 pro-
vides estimates and significance tests of the fixed effects.

First of all, the predicted epistemic Stroop effect (i.e., the
interaction of probe word and validity of the picture-assertion
combination) only showed a tendency in the predicted direc-
tion and did not become significant, z = −1.77, p < .1.
However, planned comparisons revealed that as predicted,

Table 1 Estimated coefficients, standard errors, degrees of freedom, and t values for the linear mixed model of the log-transformed response latencies
in Experiment 1

Est. SE df t

(Intercept) 6.273 0.018 66.7 356.35 ***

Probe word 0.009 0.002 7,383.1 4.00 ***

Validity 0.011 0.002 7,378.3 4.79 ***

Block 1 0.041 0.003 7,462.3 12.9 ***

Block 2 −0.009 0.003 7,460.4 −2.85 **

Probe Word × Validity −0.011 0.002 7,380.2 −4.82 ***

Probe Word × Block 1 −0.010 0.003 7,461.4 −3.29 **

Probe Word × Block 2 −0.001 0.003 7,447.4 −0.27
Validity × Block 1 0.004 0.003 7,457.3 1.25

Validity × Block 2 0.000 0.003 7,461.8 0.10

Probe Word × Validity × Block 1 −0.006 0.003 7,465.9 −1.98 *

Probe Word × Validity × Block 2 −0.002 0.003 7,463.8 −0.76

Note. Validity (contrast coded: invalid = 1, valid = −1). Probe word (contrast coded: false = 1, correct = −1). Block 1 (contrast coded: Block 1 = 1, Block 2
= 0, Block 3 = −1). Block 2 (contrast coded: Block 1 = 0, Block 2 = 1, Block 3 = −1). *p < .05. **p < .01. ***p < .001

Table 2 Estimated coefficients, standard errors, and z values for the
generalized mixed model of the error rates in Experiment 1

Est. SE z

(Intercept) −4.472 0.172 −25.93 ***

Probe word −0.224 0.091 −2.47 *

Validity 0.091 0.091 1.01

Block 1 −0.095 0.133 −0.72
Block 2 0.041 0.127 0.32

Probe Word × Validity −0.16 0.091 −1.77 †

Probe Word × Block 1 −0.138 0.133 −1.03
Probe Word × Block 2 0.071 0.127 0.56

Validity × Block 1 −0.198 0.133 −1.49
Validity × Block 2 0.136 0.127 1.07

Probe Word × Validity × Block 1 −0.163 0.133 −1.23
Probe Word × Validity × Block 2 0.097 0.127 0.76

Note. Validity (contrast coded: invalid = 1, valid = −1). Probe word
(contrast coded: false = 1, correct = −1). Block 1 (contrast coded: Block
1 = 1, Block 2 = 0, Block 3 = −1). Block 2 (contrast coded: Block 1 = 0,
Block 2 = 1, Block 3 = −1).
† p < .1. *p < .05. ***p < .001
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the probability of false responses to the probe word correct
(probability = .02, SE = .00) was slightly higher than for the
probe word false (probability = .01, SE = .00) after invalid
picture-assertion combinations, z = −3.01, p < .01. After valid
picture-assertion combinations, error probability did not differ
between the probe words false (probability = .01, SE = .00)
and correct (probability = .01, SE = .00), z = −0.51, ns. The
three-way interaction of probe word and validity with block
was not significant. Separate follow-up tests for each block
yielded no significant interaction of probe word and validity.

Only in Block 1, the interaction between probe word and
validity approached significance, z = −1.92, p < .1, again
due to a higher error probability for the probe word correct
(probability = .02, SE = .01) compared with the probe word
false (probability = .00, SE = .00) after invalid picture-
assertion combinations, z = −2.64, p < .01 (see also Fig. 4).

In sum, these results support the assumption of routine val-
idation of audiovisual information. An epistemic Stroop effect
occurred for the response latencies in the overall analyses
across all three blocks of the experiment (and a similar, though
not significant, pattern emerged for the error rates).
Furthermore, separate analyses for each block showed that
the epistemic Stroop effect was present from the very beginning
of the experiment. However, it looks like participants were able
to develop strategies against the interference of the task-
irrelevant validity of the picture-assertion combinations with
the task of responding to the probe words. At the beginning
of the experiment, participants showed a symmetrical epistemic
Stroop effect in the response latencies with slower responses to
validity-incongruent probe words after both valid and invalid
picture-assertion combinations. However, this effect decreased
in Block 2 and was no longer significant in Block 3.

These results suggest that adults are able to avoid the inter-
ference by strategically inhibiting the response tendency
resulting from the validation process, which somewhat distorts
the overall effect. For this reason, in Experiment 2, we applied
the paradigm used in Experiment 1 to children in Grade 4. Due
to the weaker inhibitory capacity in this population (e.g., Carter
et al., 1995; Comalli et al., 1962; Guttentag & Haith, 1978;
Ridderinkhof et al., 1999; Tipper et al., 1989; Vurpillot &
Ball, 1979) compared with the adult participants of
Experiment 1, we expected the audiovisual epistemic Stroop

Table 3 Estimated coefficients, standard errors, degrees of freedom and t values for the linear mixed model of the log-transformed response latencies in
Experiment 2

Est. SE df t

(Intercept) 6.664 0.019 195.6 347.6 ***

Probe word 0.018 0.003 17,082.1 5.73 ***

Validity 0.012 0.003 17,058.3 3.78 ***

Block 1 0.024 0.005 17,165.5 5.24 ***

Block 2 −0.015 0.004 17,114.2 −3.33 ***

Probe Word × Validity −0.036 0.003 17,072.0 −11.35 ***

Probe Word × Block 1 −0.004 0.004 17,066.2 −0.82
Probe Word × Block 2 −0.007 0.004 17,069.0 −1.59
Validity × Block 1 0.002 0.004 17,085.0 0.55

Validity × Block 2 −0.002 0.004 17,071.0 −0.46
Probe Word × Validity × Block 1 −0.024 0.004 17,083.3 −5.48 ***

Probe Word × Validity × Block 2 0.004 0.004 17,067.9 0.91

Note. Validity (contrast coded: invalid = 1. valid = −1). Probe word (contrast coded: false = 1, correct = −1). Block 1 (contrast coded: Block 1 = 1, Block 2
= 0, Block 3 = −1). Block 2 (contrast coded: Block 1 = 0, Block 2 = 1, Block 3 = −1). ***p < .001

Table 4 Estimated coefficients, standard errors, and z values for the
generalized mixed model of the error rates in Experiment 2

Est. SE z

(Intercept) −3.089 0.11 −28.16 ***

Probe word 0.069 0.029 2.38 *

Validity 0.041 0.029 1.42

Block 1 0.287 0.040 7.16 ***

Block 2 0.099 0.04 2.50 *

Probe Word × Validity −0.643 0.029 −21.86 ***

Probe Word × Block 1 −0.022 0.04 −0.56
Probe Word × Block 2 −0.041 0.039 −1.04
Validity × Block 1 0.038 0.04 0.97

Validity × Block 2 −0.004 0.039 −0.11
Probe Word × Validity × Block 1 −0.376 0.040 −9.48 ***

Probe Word × Validity × Block 2 0.020 0.039 0.51

Note. Validity (contrast coded: invalid = 1, valid = −1). Probe word
(contrast coded: false = 1, correct = −1). Block 1 (contrast coded: Block
1 = 1, Block 2 = 0, Block 3 = −1). Block 2 (contrast coded: Block 1 = 0,
Block 2 = 1, Block 3 = −1). *p < .05. ***p < .001
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effect to be even stronger and more stable in Experiment 2,
while the general pattern of results should be preserved.

Experiment 2

Method

Participants

Two hundred and eighty-three fourth graders of different pri-
mary schools in the Kassel (Germany) region participated in
the experiment. All participants (123 girls and 154 boys, no
gender data provided for six children) were either native
German speakers or spoke German since the age of 6. Their
average age was 10.5 years (SD = 0.5, no age data provided
for 49 children).

Stimulus material

The pictures and the assertions were the same as in
Experiment 1. The only difference was that the instructions
were adapted to be suitable for children and that the example

trial feedback on why a response was correct or incorrect was
more detailed.

Procedure

The procedure was similar to Experiment 1, except for the fact
that participants were tested in groups of up to 24 people in
school classrooms. Moreover, the assignment of the response
keys to the probe words was slightly different: Participants
responded to the probe word correct by pressing the J key
and to the probe word false by pressing the F key.

Design

Design and dependent variables were the same as in
Experiment 1.

Results and discussion

Data cleaning

The data-cleaning procedure was the same as in Experiment 1.
Responses within 10 ms of stimulus onset or exceeding 5 s

Fig. 4 Back-transformed error probability estimated by the generalized
linear mixed model as a function of validity of the picture-assertion
combination (invalid vs. valid) and probe word (false vs. correct) for
(a) Block 1, (b) Block 2, and (c) Block 3 in Experiment 1 (adults).
Error bars correspond to ±1 standard error

Fig. 3 Back-transformed response latency estimated by the linear mixed
model as a function of validity of the picture-assertion combination
(invalid vs. valid) and probe word (false vs. correct) for (a) Block 1,
(b) Block 2, and (c) Block 3 in Experiment 1 (adults). Error bars
correspond to ±1 standard error
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were removed from the data set (2.1% of the data points).
Next, participants with an error rate of more than 40% in the
control questions were removed from the data set, which re-
sulted in the exclusion of 30 participants. Furthermore, all
participants with an error rate of more than 40% in the episte-
mic Stroop task were removed from the data set, which result-
ed in the exclusion of another 61 participants. The average
error rate for the experimental items was 10.1%, with no item
exceeding an error rate of 16.4%. Therefore, no items needed
to be removed. This general data cleaning procedure resulted
in a data set with 20,312 data points. This data set was used for
the analysis of the error rates.

For the data cleaning of the response latencies of the correct
responses, the Box-Cox analysis revealed again a lambda
close to zero (λ = 0.15). Therefore, the response latencies were
log transformed and response latencies deviating more than
two standard deviations from the log-transformed mean of
each participant (5.3% of the data points) were treated as out-
liers and removed from the data set. This data cleaning proce-
dure resulted in a data set with 17,288 data points.

Response latencies

Like in Experiment 1, we estimated a linear mixed-effects
model for the response latencies of the correct responses in
the Stroop task with random effects (random intercepts) of
subjects and items (see Table 3). Importantly, there was again
a significant two-way interaction of probe word and validity of
the picture-assertion combination. Planned comparisons
showed that after invalid picture-assertion combinations, par-
ticipants were slower to respond to the probe word correct (M
= 808 ms, SE = 16 ms) than to the probe word false (M = 779
ms, SE = 16 ms), t(301.6) = 4.1, p < .001. For valid picture-
assertion combinations, the effect was reversed and even stron-
ger. Here, participants were slower to respond to the probe
word false (M = 818 ms, SE = 16 ms) than to the probe word
correct (M = 733 ms, SE = 15 ms), t(305.6) = 11.8, p < .001.

Furthermore, the three-way interaction of all three indepen-
dent variables was significant (see Fig. 5). Separate follow-up
analyses for each block revealed a disordinal interaction be-
tween validity and probe word for Block 1, t(1,7074.7) =
−10.28, p < .001. After valid picture-assertion combinations,
responses to the probe word false (M = 853 ms, SE = 19 ms)
were slower than responses to the probe word correct (M =
733 ms, SE = 16 ms), t(305.6) = 9.7, p < .001, whereas after
invalid picture-assertion combinations, responses to the probe
word correct (M = 852 ms, SE = 19 ms) were slower than
responses to the probe word false (M = 777 ms, SE = 17 ms),
t(301.6) = −6.0, p < .001. In Block 2, this disordinal interac-
tion between validity and probe word decreased, but remained
significant, t(17,074.7) = −5.47, p < .001. After valid picture-
assertion combinations, responses to the probe word false (M
= 798 ms, SE = 17 ms) were slower compared with the probe

word correct (M = 732ms, SE = 16ms), t(316) = 5.7, p < .001.
After invalid picture-assertion combinations, responses to the
probe word correct (M = 796, SE = 17 ms) were slower com-
pared with the probe word false (M = 763 ms, SE = 17 ms),
t(314.4) = −2.9, p < .05. In Block 3, the interaction between
validity and probe word was again reduced, t(17,074.7) =
−2.23, p < .001, and now only semidisordinal. The difference
between responses to the probe words after invalid picture-
assertion combinations was no longer significant, t(355.2) =
1.5, p = .417, whereas the effect for valid picture-assertion
combinations with slower responses to the probe word false
(M = 803ms, SE = 18ms) than to the probe word correct (M =
734 ms, SE = 16 ms) remained stable, t(351.9) = 5.4, p < .001.

Error rates

Like in Experiment 1, we estimated a generalized linear
mixed-effects model for the error rates with random effects
(random intercepts) of subjects and items (see Table 4).
Most importantly, we found an interaction between probe
word and validity of the picture-assertion combination. This
epistemic Stroop effect was driven by the fact that after invalid

Fig. 5 Back-transformed response latency estimated by the linear mixed
model as a function of validity of the picture-assertion combination
(invalid vs. valid) and probe word (false vs. correct) for (a) Block 1,
(b) Block 2, and (c) Block 3 in Experiment 2 (children). Error bars
correspond to ±1 standard error
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picture-assertion combinations, participants had a higher
probability of responding erroneously to the probe word
correct (probability = .08, SE = .01) than to the probe word
false (probability = .03, SE = .00), z = 14.2, p < .001, whereas
for valid picture-assertion combinations, the effect was re-
versed: Here, participants were more likely to make errors in
responding to the probe word false (probability = .08, SE =
.01) than in responding to the probe word correct (probability
= .02, SE = .00), z = 16.9, p < .001.

Furthermore, and paralleling the analysis for the response
latencies, the analysis revealed a significant three-way inter-
action between validity, probe word, and block, driven by the
pattern that the epistemic Stroop effect continually decreased
over the three blocks (see Fig. 6). We followed up on this
three-way interaction with separate analyses for each block.
For Block 1, the analysis revealed a strong disordinal interac-
tion between probe word and validity, z = −21.8, p < .001.
After the presentation of a valid picture-assertion combina-
tion, error probability was much higher for the probe word
false (probability = .14, SE = .02) than for the probe word
correct (probability = .02, SE = .00), z = 15.5, p < .001.
Conversely, after the presentation of an invalid picture-
assertion combination, error probability was much higher for
the probe word correct (probability = .15, SE = .02) than for

the probe word false (probability = .02, SE = .00), z = 15.5, p <
.001. In Block 2, the same interaction emerged, but it was less
strong than in Block 1, z = −13.5, p < .001. After valid picture-
assertion combinations, error probability for the probe word
false (probability = .09, SE = .01) was again higher than for
the probe word correct (probability = .03, SE = .00), z = 9.8, p
< .001, whereas for invalid picture-assertion combinations,
error probability for the probe word correct (probability =
.09, SE = .01) was again higher than for the probe word false
(M = .03, SE = .00), z = −9.4, p < .001. Thus, in Block 2, the
epistemic Stroop effect was reduced but still clearly present. In
Block 3, the interaction decreased again in magnitude but
remained significant, z = −4.92, p < .001. After valid
picture-assertion combinations, error probability for the probe
word false (probability = .05, SE = .01) was still significantly
higher than for the probe word correct (probability = .02, SE =
.00), z = 5.1, p < .001. After invalid picture-assertion combi-
nations, error probability for the probe word correct (proba-
bility = .04, SE = .01) also remained higher than for the probe
word false (probability = .03, SE = .00), but the difference just
failed to reach significance, z = −1.9, p < .1. In sum, the
epistemic Stroop effect decreased, but the overall pattern
was stable across blocks.

The results basically replicate the findings of Experiment 1
and also support the assumption of a stronger and more stable
epistemic Stroop effect in children compared with adults. In
contrast to the results for the adults, the epistemic Stroop effect
remained significant across all three blocks in both the error
rates and the response latencies, despite becoming weaker
over time. Thus, children also seem to learn to inhibit the
interference of the task-irrelevant truth of the picture-
assertion combinations with responses in the probe task, albeit
less successfully so than adults.

Joint analysis of Experiments 1 and 2

We conducted a joint linear mixed-model analysis for the
response-time data of Experiments 1 and 2 and a joint gener-
alized linear mixed-model analysis for the error rate data of
both Experiments, with validity (contrast coded: invalid = 1,
valid = −1), probe word (contrast coded: false = 1, correct =
−1) and experiment (contrast coded: adults = 1, children = −1)
as fixed-effect factors for each analysis.

Response latencies

As in the separate analysis of the response latencies in the two
experiments, the two-way interaction between probe word and
validity of the picture-assertion combination was significant,
t(24,565.5) = −9.35, p < .001. After a valid picture-assertion
combination, the responses to the probe word false (M = 677
ms, SE = 11) were slower compared with the probe word
correct (M = 624 ms, SE = 10), and after an invalid picture-

Fig. 6 Back-transformed error probability estimated by the generalized
linear mixed model as a function of validity of the picture-assertion
combination (invalid vs. valid) and probe word (false vs. correct) for
(a) Block 1, (b) Block 2, and (c) Block 3 in Experiment 1 (adults).
Error bars correspond to ±1 standard error
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assertion combination, the responses to the probe word
correct (M = 672 ms, SE = 11) were slower compared with
the probe word false (M = 657 ms, SE = 11). Thus, an episte-
mic Stroop effect occurred in the joint analysis of the two
experiments. Furthermore, the three-way interaction between
probe word, validity of the picture-assertion combination, and
experiment was significant, t(24,497.9) = 5.41, p < .001, in-
dicating that the audiovisual epistemic Stroop effect was
stronger in children compared with adults.

Error rates

The joint analysis of the error rates in Experiments 1 and 2
revealed a parallel pattern of results. First, an epistemic Stroop
effect emerged, as indicated by a significant disordinal two-
way interaction of probe word and validity of the picture-
assertion combination, z = −9.59, p < .001. After a valid
picture-assertion combination the error probability was higher
for the probe word false (probability = .05, SE = .01) com-
pared with the probe word correct (probability = .02, SE =
.00). After an invalid picture-assertion combination, the re-
verse effect occurred with a higher error probability for the
probe word correct (probability = .06, SE = .01) compared
with the probe word false (probability = .02, SE = .00).
Furthermore, as in the analysis of the response latencies, the
three-way interaction of probe word, picture-assertion combi-
nation and Experiment was significant, z = 6.35, p < .001,
indicating that the audiovisual epistemic Stroop effect for the
error rates was stronger in children compared with adults.

General discussion

In this study, we assumed that individuals would show the
same Stroop-like interference effects for audiovisual stimuli
(spoken assertions matching or mismatching the content of
pictures) that had been found by Richter et al. (2009) and
Isberner and Richter (2014a) for visually presented assertions
(matching or mismatching common world knowledge).
Furthermore, we assumed that this interference effect would
be present from the very beginning of the experiment and
gradually decrease over its course, and that children (fourth
graders) would show a stronger effect compared with adults
(university students). To test these assumptions, we used a
Stroop-like paradigm adapted from Isberner and Richter
(2014a). Participants responded to the probe words correct
or false by key presses immediately after the presentation of
valid or invalid auditory assertions about concurrently pre-
sented pictures.

In line with our assumption of a routine, passive validation
of audiovisual information, the results showed an overall
Stroop-like interaction effect of validity and probe word in
both experiments, with longer response latencies and higher

error rates when the probe mismatched the task-irrelevant va-
lidity. Thus, for the first time, evidence could be obtained that
the passive and involuntary validation of linguistic informa-
tion is not restricted to written information.

In addition, the follow-up analyses of this interaction in
each block shed light on the development of the epistemic
Stroop effect over the course of the experiment in both groups.
In line with the idea that the epistemic Stroop effect captures
an automatic validation process and is not induced by proper-
ties of the task, the interaction effect was present from the very
beginning of the experiment in both groups. In fact, in all
analyses, the effect was most pronounced in the first block,
but became weaker over the course of the experiment, which
suggests that both adults and children learned to inhibit the
response tendency resulting from the validation process. The
answers of adults (Experiment 1) to the question of whether
they used any strategy in the task support this assumption.
About 25% of the participants of Experiment 1 responded
something like: BI focused only on the words and tried to
ignore the pictures and the assertions.^ However, the stronger
and more stable effects for children indicate that adults were
both faster and more successful in inhibiting the response
tendency resulting from the validation process. Moreover,
the block analysis shows that—except for the error rates in
Experiment 1 (adults)—the pattern of the interaction is initial-
ly quite symmetrical for valid and invalid assertions and then
tends to become asymmetrical as the interaction is
overshadowed by increasingly stronger main effects. This re-
sults in an overall asymmetrical pattern of the interaction
across blocks, similar to patterns found in previous experi-
ments on the epistemic Stroop effect (Isberner & Richter,
2013, 2014a; Richter et al., 2009). The results of the current
experiments thus indicate that such patterns most likely result
from two opposing processes: The nonstrategic validation
process, which is initially dominant, and a (probably) strategic
inhibition process, which becomes stronger over time.

It is important to note that even if participants learned to
inhibit the response tendency resulting from the validation
process, this does in no way contradict the assumption that
validation is an automatic process. In fact, the decrease of the
magnitude of the audiovisual epistemic Stroop effect over the
course of the experiment mirrors findings on the classical
Stroop effect (Dulaney & Rogers, 1994; Ellis & Dulaney,
1991; Ellis et al., 1989). In these studies, participants learn
to inhibit the response tendency resulting from reading the
word, which reduces the interference effect on color naming
in incongruent trials. However, the training leaves the auto-
maticity of reading processes intact. In much the same way,
we would maintain that validation is an automatic process
even if the magnitude of the epistemic Stroop effect can be
reduced through training.

The reduction of the Stroop effect might also be due to
participants having routinized their responses to the probe task
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during the experiment, making the responses more efficient
and thus less susceptible to interference due to an incongruent
response tendency resulting from the validation process. This
processing speed account has originally been proposed as an
explanation for training effects with the classical Stroop task
(MacLeod & Dunbar, 1988), and it is likely to hold for the
epistemic Stroop task, too. In line with the processing speed
account, participants responded generally faster in the probe
task the longer the experiment lasted, which indicates routin-
ization of this task. While the processing speed account might
well explain parts of the results, Experiment 2 with children in
fourth grade and evenmore so, the comparison of these results
with those of Experiment 1 with adults, suggests that the in-
hibition of the response tendency resulting from the validation
process plays a role, too. As expected, children showed a
larger overall epistemic Stroop effect in both dependent vari-
ables, but particularly in the error rates. This pattern of effects
is probably due to the weaker inhibitory capacity of children
compared with adults (e.g., Carter et al., 1995; Comalli et al.,
1962; Diamond, 2013; Guttentag & Haith, 1978;
Ridderinkhof et al., 1999; Tipper et al., 1989; Vurpillot &
Ball, 1979): It seems that the fourth graders in Experiment 2
easily comprehended the spoken assertions but had more dif-
ficulties than adults to suppress the response tendency
resulting from the validation process that accompanies com-
prehension. Inhibitory control (i.e., the ability to inhibit irrel-
evant information) evolves during childhood and adolescence
(Bedard et al., 2002; Klenberg, Korkman, & Lahti-Nuuttila,
2001). It would be interesting to investigate in future studies
whether the magnitude of the epistemic Stroop interference
decreases to the extent that inhibitory control increases from
childhood to young adulthood. In any case, the development
of inhibitory control might explain why in the present studies,
an epistemic Stroop effect in the error rates did not reach
significance in Experiment 1 (adults) but was present in all
three blocks in Experiment 2 (children).

It must be noted that in terms of absolute mean differences,
the audiovisual epistemic Stroop (based on the congruency of
auditory language input with the current visual context) seems
to be smaller than the epistemic Stroop effect, based on the
congruency of written language input with general world
knowledge that Isberner and Richter (2014a) found, using
the same task as in the present experiments with an adult
sample.

Interestingly, the results also suggest differences in the pat-
terns for positive and negative responses and their changes
across trials. Although these differences were not part of our
hypotheses, a post hoc comparison with previous studies sug-
gests that theymay indeed not be spurious. The overall pattern
that emerges when comparing the results with those of previ-
ous epistemic Stroop experiments (Isberner & Richter, 2013,
2014a; Richter et al., 2009) is a stronger and/or more stable
effect for positive than for negative responses in the response

latencies, but a stronger and/or more stable effect for negative
than for positive responses in the error rates. It thus seems that
positive and negative validation responses manifest different-
ly, which could indicate differences in either their strength or
their time course. Future studies may more specifically inves-
tigate this issue, which could provide important insights into
the mechanisms underlying validation.

Previous research has focused on validation of information
during reading and on how routine and fast these validation
processes are (e.g., Isberner & Richter, 2013, 2014a; Richter
et al., 2009). The purpose of the present research was to show
that individuals validate audiovisual information in the same
routine and fast manner (Richter et al., 2009). The results
provide strong support for the assumption that situated verbal
language comprehension entails a routine, nonstrategic, and
efficient validation process which monitors the integration of
verbal (assertion) and visual (picture) information within a
specific situation. The RI-Val model put forward by Cook
and O’Brien (2014) has integrated the idea of validation as a
process monitoring the integration of different sources of in-
formation. They propose that resonance (activation), integra-
tion, and validation are parallel but asynchronous processes
that once started run to completion, with each stage activating
the next stage. The integration process links incoming infor-
mation to the contents of working memory. The validation
process checks the result of the integration process against
earlier parts of the text, a person’s world knowledge, and the
relation of both (Cook & O’Brien, 2014). Going beyond pre-
vious studies, the present study has shown that this validation
process also monitors the fit of incoming verbal information
with its (visual) context, or more precisely, the contextual truth
of linguistic input. This monitoring process might serve an
important function for face-to-face communications in help-
ing communicators to establish and maintain a common
ground (Clark & Brennan, 1991). More precisely, when
speakers talk about aspects of the physical environment, lis-
teners need to determine the correct referents (Chafé, 1976).
As part of this process, they need tomonitor constantly wheth-
er they focus their visual attention on the aspects of the situa-
tion that the speaker has in mind. In this case, information is
activated via perception (rather than resonance), and in the
integration stage, links are formed between objects in the vi-
sual context and referents in the auditory language input.
While the precise mechanism underlying the validation pro-
cess is beyond the scope of this study, we would assume that
the failure to establish (meaningful) links in this stage is tan-
tamount to a negative validation response and that integration
and validation are, in this sense, Btwo sides of the same coin^
rather than separable stages (for an elaboration of this
argument, see Richter, 2015).

The epistemic Stroop paradigm is, to our knowledge, so far
the only paradigm that directly allows testing whether com-
prehension can be performed without validation when this is
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required by the task (and the results suggest that it cannot).
Methodologically, however, the findings of the present study
that the epistemic Stroop effect decreased during the experi-
ments also suggest a limitation of the paradigm for the study
of passive validation processes. Researchers who wish to use
this paradigm should keep in mind that effects obtained with
this paradigm might be reduced due to (probably) strategic
inhibition, and that such inhibition might increase over the
course of the experiment. One potential measure against these
biases is to reduce the length of experiments because appar-
ently, participants need a large number of trials to learn to
inhibit the response tendency resulting from the validation
process. Another reasonable measure would be to increase
the number or variations of response options used during the
experiment (e.g., using not only the probe Btrue^ and Bfalse^
but also Bplausible,^ Bimplausible,^ Bcorrect,^ or Bwrong^).

In conclusion, the present study extends previous research
on routine validation during language comprehension to au-
diovisual information and provides insight into possible mod-
erating factors of the epistemic Stroop effect. Furthermore, it
strongly supports the assumption that validation is not restrict-
ed to reading but to an obligatory component of language
comprehension in general, serving spoken language compre-
hension in face-to-face communications by checking the con-
sistency of the linguistic message with the visual context.
Nevertheless, further research is necessary to gain a better
understanding of the underlying cognitive processes of vali-
dation during language comprehension.
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