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Abstract

This paper presents a systematic review of the empirical literature that uses dual-task interference methods for investigating
the on-line involvement of language in various cognitive tasks. In these studies, participants perform some primary task X
putatively recruiting linguistic resources while also engaging in a secondary, concurrent task. If performance on the primary
task decreases under interference, there is evidence for language involvement in the primary task. We assessed studies (N =
101) reporting at least one experiment with verbal interference and at least one control task (either primary or secondary).
We excluded papers with an explicitly clinical, neurological, or developmental focus. The primary tasks identified include
categorization, memory, mental arithmetic, motor control, reasoning (verbal and visuospatial), task switching, theory of mind,
visual change, and visuospatial integration and wayfinding. Overall, the present review found that internal language is likely
to play a facilitative role in memory and categorization when items to be remembered or categorized have readily available
labels, when inner speech can act as a form of behavioral self-cuing (inhibitory control, task set reminders, verbal strategy),
and when inner speech is plausibly useful as “workspace,” for example, for mental arithmetic. There is less evidence for the
role of internal language in cross-modal integration, reasoning relying on a high degree of visual detail or items low on name-
ability, and theory of mind. We discuss potential pitfalls and suggestions for streamlining and improving the methodology.

Keywords Working memory - Dual-task performance - LLanguage/memory interactions

Introduction to perform some task that may or may not require linguistic

processing while at the same time performing a clearly lin-

Does language help us think and solve problems, and if so,
how? What kinds of mental tasks depend most on the use of
language? These classic questions, debated in philosophy
and psychology for more than a century (Fodor, 1975; Miil-
ler, 1978; Sokolov, 1968; Vygotsky, 1962; Watson, 1913),
have been increasingly tackled using various empirical
and modelling methods (Baldo et al., 2005; Coetzee et al.,
2019; Feinmann, 2020; Gilbert et al., 2006; Luo et al., 2021;
Romano et al., 2018). One widely used method is verbal
interference or articulatory suppression (Perry & Lupyan,
2013). In studies using this method, participants are asked
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guistic task, such as repeating a word. If performance on the
“primary” task is compromised by the verbal task more than
by control non-verbal tasks, one can conclude that language
in some form is likely to be recruited by the primary task.
Specific studies using this paradigm (e.g., Hermer-Vazquez
et al., 1999; Newton & de Villiers, 2007) become held up as
evidence for the crucial role of language as a cognitive tool
(Bermudez, 2003; Carruthers, 2002; Clark, 1998; Gomila
et al., 2012). But follow-up studies and (non)replications
complicate the narrative, and the use of different types of
verbal interference and different types of control conditions
makes comparisons across areas difficult. Finding that verbal
interference disrupts one task but not another is difficult to
interpret if the types of verbal interference that were used
are substantially different.

Given the complexity, diversity, and potential importance
of this literature, it is valuable to systematically review the
findings to date. There exist reviews that focus on some
domains where language has been proposed to play a role:
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Gilhooly (2005) for the role of language in reasoning when
using verbal materials, Kiesel et al. (2010) and Koch et al.
(2018) for the role of language in task switching, DeStefano
and LeFevre (2004) and Raghubar et al. (2010) for the role
of language in mental arithmetic, Ratliff and Newcombe
(2008) for the role of language in spatial reorientation, and
Alderson-Day and Fernyhough (2015) for a narrative review
of the cognitive functions of inner speech specifically. Still
lacking, however, is a comprehensive review across areas.
This paper aims to provide a one-stop shop for dual-task
evidence of the role of language in cognition. Importantly,
dual-task approaches are just one way to investigate the role
of language in cognition. Other ways include introducing
new verbal labels as an experimental manipulation, exam-
ining performance by speakers of different languages, or
attempting to interfere with linguistic processes with TMS
(transcranial magnetic stimulation) or tDCS (transcranial
direct current stimulation). Verbal interference remains a
common method for testing on-line (i.e., in-the-moment)
involvement of language in cognition, and so it is the method
we focus on here.

Objectives
Our primary goals were:

1. To provide a coherent overview to aid in understanding
of what cognitive functions language may and may not
be involved in.

2. To provide suggestions and recommendations for meth-
odology used in future studies in order to make results
from different experiments more comparable.

3. To provide theoretically motivated reasons for choosing
one interference type over another.

Verbal interference and verbal working memory

Verbal interference was first used in studying working
memory (Baddeley & Hitch, 1974; Murray, 1967; Peterson,
1969), specifically to test the hypothesis that there is a com-
ponent of working memory dedicated to the processing and
storage of verbal material (the phonological loop and the
phonological store) (Baddeley, 2003). Articulatory suppres-
sion (a type of minimally demanding verbal interference in
which participants repeat a syllable or short word out loud)
was used to discover whether participants were using verbal
rehearsal to maintain the memory trace of for example a
series of letters. The assumption that the phonological loop
or verbal working memory is a specialized part of working
memory underlies most of the studies reviewed here. We
exclude studies specifically investigating this claim, but all
the included studies rely on different verbal tasks drawing
on the same resources, and thus that we have such cognitive
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components dedicated to processing in a verbal format
— an assumption that has been called into question (Bad-
deley & Larsen, 2007; Jones et al., 2004, 2007). Criticism
of the assumption revolves around whether verbal working
memory is ‘verbal’ in an abstract sense or whether it sim-
ply involves low-level acoustic-articulatory processes. We
omit discussion of this debate about the nature of “verbal”
working memory because the logic of the dual-task design
is valid regardless of the debate’s outcome, even though it
might be relevant when discussing how much of “language”
different types of interference tasks plausibly interfere with.

In order to understand how verbal interference might
work in more abstract cases, it is useful to first examine how
it works in the most concrete, straightforward cases. Articu-
latory suppression has been used to investigate the so-called
“phonological similarity effect” where serial recall perfor-
mance is worse when the items to be remembered sound
similar (Baddeley, 1966; Camos et al., 2013; Conrad, 1964;
Conrad & Hull, 1964; Hintzman, 1967; Wickelgren, 1965a,
b). The idea is that verbal working memory is divided into
a phonological loop and a phonological store. Auditorily
presented verbal material has direct access to the phonologi-
cal store while verbal material presented visually (such as
with written text) has to be converted in the phonological
loop before it can enter the store. Thus, the phonological
similarity effect should be different depending on presenta-
tion modality and the presence of articulatory suppression.
See Fig. 1 for an illustration of an experiment testing the
phonological similarity effect. Here, the hypothesis is that
language is recruited to help store verbal material.

Because performing two tasks at the same time demands
additional resources, performance under verbal interference
must be compared to performance under an equivalently
demanding but non-verbal dual-task condition. If verbal
interference causes a more severe performance decrease
than another distracting task equivalent in all other respects
than the verbal, this would provide a causal argument for
the presence of a linguistic component in the primary task.
Articulatory suppression is often compared with the effect of
foot tapping, another simple motor task that has been shown
to be as attentionally demanding as articulatory suppression
(Emerson & Miyake, 2003, Appendix A).

Outside the study of working memory components, ver-
bal interference has been used to study, for example, task
switching where the phonological loop is hypothesized to
be recruited for self-cuing of whatever the relevant rule is,
such as the common paradigm of switching between solv-
ing addition and subtraction problems. Here, verbal inter-
ference also impairs performance. In this specific case, the
hypothesis would be that language is recruited to solve a
task where it is necessary to maintain and update the rel-
evant rule on each individual trial. This is similar to stor-
ing verbal materials in the phonological loop, except that
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Fig.1 A visualization of the mechanisms hypothesized to underlie the phonological similarity effect and how it differs depending on whether
stimulus materials are presented verbally (speech bubble icon) or visually (screen icon)

instead of items to-be-remembered, the loop contains task
instructions to-be-remembered. While covert language
straightforwardly functions through verbal rehearsal in these
examples, other studies have focused more on the structural
and representational properties of language. These studies
have used the dual-task interference methodology to test for
example whether language aids cognition by providing the
syntactic structure necessary for processing formal logic

or by providing labelled categories that carve up otherwise
continuous stimulus spaces. The precise mechanism of how
repeating the word “December” (articulatory suppression)
requires resources from the same cognitive component as
recursive embedding and categorially labelled continua is
less tangible than the precise mechanism of how articula-
tory suppression and task cuing might do the same. Simi-
larly, many critics have pointed out the seeming paradox
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of how language can have “deep” effects on non-verbal
cognition that are nevertheless disrupted by surface-level
verbal interference (Dessalegn & Landau, 2008; Gleitman

& Papafragou, 2005; Li et al., 2009; see Lupyan, 2012a, b,
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for a discussion).

Verbal interference across cognitive domains

The more abstract, structure- or representation-focused dual-
task studies are of a very different flavor compared with
purely rehearsal-focused studies that have delineated the
precise mechanisms and sub-mechanisms very precisely.
There is, for example, a long way from testing whether the
phonological similarity effect persists under articulatory
suppression as illustrated in Fig. 1 (see e.g., Jones et al.,
2004) to testing whether something like false belief under-
standing relies on covert language (see e.g., Newton & de
Villiers, 2007). The hypothesis here could for example be
that theory-of-mind processing requires on-line access to
sentential complements (e.g., ‘She thinks [the apple is in the
box]’) but how verbal interference would block this access is
less clear as it has not been shown that participants have to
formulate the sentence “she thinks the apple is in the box™
explicitly in their minds to understand false belief on the
fly. Thus, the easiest part of a study investigating the role of
language in cognition with a dual-task experiment may be
finding the effect — the more difficult part is explaining the
precise mechanisms behind why this effect exists.

If there is one or several general roles that language plays
in cognition, comparing the results of verbal interference
across domains is one way of discovering what these might
be. For example, most of the working memory-inspired stud-
ies included in the present review use very similar interfer-
ence methods (word or syllable repetition) to test the role of
covert language in task switching. By conducting slight vari-
ations on the primary task, these researchers thus zone in on
whether covert language is recruited for task maintenance,
task updating, task retrieval, etc. Once the precise effect is
established, predictions are generated for other domains and
we may test whether covert language also plays a role in
for example task retrieval outside the addition/subtraction
paradigm. Likewise, if we discover that verbal interference
disrupts categorical perception of color, we should extend
the paradigm to other types of categorical perception to
ascertain whether covert language in general facilitates cat-
egorial perception. In the long term, it will of course also be
necessary to integrate findings from other literatures apart
from the dual-task interference literature (e.g., developmen-
tal evidence, evidence from brain lesions, evidence from
noninvasive brain stimulation, etc.) As we proceed along this
path, we can potentially map out domain-general functions
of language for cognition, if such exist.

@ Springer

Review methodology

We followed PRISMA guidelines for selecting papers to
include in this review (see Appendix B (OSM)). To be eli-
gible, a paper needed to be peer-reviewed, and report at least
one experiment with verbal interference and include at least
one control task (either primary or secondary). Without such
control tasks it is impossible to know whether the observed
effects of verbal interference are purely due to the presence
of a secondary task or whether they have something to do
with language. We excluded studies in which the primary
task being investigated was straightforwardly linguistic (e.g.,
lexical decision) because we were interested in the role of
language in (putatively) non-verbal cognition. We also
excluded papers with an explicitly clinical, neurological, or
developmental focus. Although these studies are certainly
valuable, including them would make it much more diffi-
cult to draw comparisons across areas, and so we leave their
review for future work. We used the following search terms
on PubMed and Google Scholar:

‘articulatory suppression’ OR ‘dual-task paradigm’ OR
‘non-verbal control’ OR ‘verbal interference’ NOT ‘clini-
cal’ NOT ‘developmental’ NOT ‘brain imaging’.

To simplify the analysis of the findings, we divided the
studies into clusters of primary task domains. If studies fitted
into multiple clusters (e.g., if separate experiments within a
study investigated different domains), the study is included
in discussions of both clusters. For each study, the primary
author collected the specific primary task(s), the specific
interference task(s), the dependent variable(s), whether there
was a selective effect of verbal interference, whether there
was a difference between (levels of) the primary tasks, the
number of participants in each experiment, and effect size(s)
if reported. See Appendix A (OSM) for the full table includ-
ing all the papers reviewed. The review was not registered,
and a protocol was not prepared (aside from as detailed in
the present section).

Results

Our literature search yielded 134 relevant papers, 33 of
which were excluded (see criteria above), leaving 101
papers. We took great care to find as many of the relevant
studies as possible, but as this literature is very fragmented
and different subfields use different terminologies, we
inevitably missed some. To the best of our knowledge, the
present review represents an unbiased sample. We grouped
the 101 relevant papers into 11 clusters based on the pri-
mary task: categorization (simple and complex), memory,
mental arithmetic, motor control, reasoning (verbal and
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non-verbal materials), task switching, theory of mind, vis-
ual change, and visuospatial integration and wayfinding.
In the following sections, we discuss the findings of the
systematic review in terms of both the types of interfer-
ence tasks used and the cognitive functions investigated.

Types of interference tasks

The several different types of interference tasks pre-
sent their own challenges. It is sometimes unclear
whether an effect is simply due to irrelevant aspects
of the interference tasks, and it is thus necessary to
include them in our discussions and analyses. Aside
from syllable or word repetition (n = 61), the main
types of verbal interference used are verbal short-term
memory tasks (n = 22), verbal shadowing (n = 13),
and verbal judgment tasks (n = 6). Each of these types
is discussed below.

Syllable/word repetition

Syllable or word repetition is by far the most common
type of verbal interference used in the literature reviewed
here, found in 61 of the 101 studies. This kind of verbal
interference is often referred to as “articulatory suppres-
sion” because it suppresses normal function of articulatory
organs. Syllable or word repetition were the only types of
verbal interference found to be used to disrupt the role of
covert language in task switching (Baddeley et al., 2001,
Brown & Marsden, 1991; Liefooghe et al., 2005; Weywadt
& Butler, 2013). For example, in Emerson and Miyake
(2003) participants were asked to complete lists of alter-
nating arithmetic problems while engaging in either repeti-
tion of the phrase “a-b-c¢” once every 750 ms or tap their
foot once every 750 ms. The comparison interference task
is either foot tapping, simple finger tapping, or pattern
finger tapping. In experiments with more visually detailed
primary tasks than the alternating lists paradigm, syllable
repetition tends to be compared with both simple tapping
and pattern tapping. Although there are also different ways
of using this kind of articulatory suppression, the ways are
plausibly comparable (i.e., there is no a priori reason to
believe that repeating “the” twice per second would be dif-
ferent from repeating another short, well-learned word at
the same rate). One study investigated whether the seman-
tic content of the words being repeated mattered for a navi-
gational working memory task (Piccardi et al., 2020). The
experimenters asked participants to repeat nonsense syl-
lables, egocentric spatial words, or non-egocentric spatial
words, and this study found no difference between the dif-
ferent classes of words being repeated.

Verbal memory

Twenty-two studies reviewed here used a memory-based
concurrent task (Annett & Leslie, 1996; Cheetham et al.,
2012; Clearman et al., 2017; Croijmans et al., 2021; Frank
et al., 2012; Gilbert et al., 2006, 2008; He et al., 2019;
Hegarty et al., 2000; Imbo & LeFevre, 2010; Kranjec
et al., 2014; Liu et al., 2008; Lupyan, 2009; Maddox et al.,
2004; Newell et al., 2010; Robert & LeFevre, 2013; Sam-
uel et al., 2019; Trbovich & LeFevre, 2003; Vogel et al.,
2001; Winawer et al., 2007; Witzel & Gegenfurtner, 2011;
Zeithamova & Maddox, 2007). In memory-based concurrent
tasks, participants are asked to engage in covert rehearsal
of verbal and non-verbal materials during the primary task
with a subsequent memory test. For example, Lupyan (2009)
investigated thematic or perceptual odd-one-out judgment
with word or picture stimuli as the primary tasks and ver-
bal and visuospatial memory as the secondary interference
tasks. The interference tasks were either a nine-digit verbal
rehearsal with a four-alternative forced choice test after each
trial or a nine-dot spatial rehearsal with a four-alternative
forced choice test after each trial. Another frequent version
of this memory-based verbal interference task is N-back
matching, where words are presented sequentially and par-
ticipants have to press a button if a word matches the one
immediately preceding it (Gilbert et al., 2006, 2008; Kranjec
et al., 2014; Liu et al., 2008). One issue with using mem-
ory tasks as interference is that it is difficult to separate the
different stages of memory encoding. If there are interfer-
ence effects, it is difficult to see whether this happens at the
encoding, maintenance, or retrieval stages. It could be that
participants simply encode and store the to-be-remembered
material outside working memory (e.g., in long-term mem-
ory) at the beginning of a trial, especially when trials last
more than a few seconds. This enables them to devote all of
their verbal resources to the primary task until they have to
retrieve the to-be-remembered material again after the trial.

Verbal shadowing

In verbal shadowing, participants are asked to “shadow”
continuous speech —i.e. repeat as quickly as possible with-
out breaks — while simultaneously performing a primary
task. Compared to syllable repetition, verbal shadowing
has been used in a wider range of experiments. It was for
example used in three of the four theory-of-mind experi-
ments reviewed here (Dungan & Saxe, 2012; Forgeot d’Arc
& Ramus, 2011; Newton & de Villiers, 2007), one of the
memory studies (Perkins & McLaughlin Cook, 1990), one
study on motion events (Feinmann, 2020), one study on
categorization (Simons, 1996), one study on number rep-
resentation (Frank et al., 2012), and six out of ten of the
studies on visuospatial integration and wayfinding (Bek
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et al., 2009, 2013; Hermer-Vazquez et al., 1999; Hupbach
et al., 2007; Ratliff & Newcombe, 2005, 2008). For exam-
ple, in Hermer-Vazquez et al. (1999), participants were
asked to continuously shadow a tape recording of articles
from a political newspaper. As a comparison interfer-
ence task, Hermer-Vazquez et al. used a rhythm shadow-
ing task where participants were asked to shadow-clap a
sequence of clapped rhythm in 4/4 time that occurred at a
rate of about 90 beats/min with a new rhythm played every
eight beats. Rhythm shadowing is also used as the non-
verbal interference task in the other studies using verbal
shadowing.

The main difference between syllable repetition as dis-
cussed above and verbal shadowing is that verbal shadow-
ing is arguably more demanding — to shadow successfully,
you have to both perceive input and produce output at the
same time. It is also less predictable and does not rely on
overlearned sequences. Thus, the two verbal interference
methods are not strictly comparable as verbal shadowing
may target more aspects of natural language than simply the
phonological loop.

Judgment tasks

Finally, six studies used judgment tasks as verbal interfer-
ence, a more varied class of tasks that differ in their demands
on response inhibition and comparisons between a presented
stimulus and one (or several) held in memory. For example,
Sims and Hegarty (1997) investigated “mental animation”
(inferring the motions of mechanical systems) while having
participants judge whether a specific letter was present in
a list of six letters or not (putatively verbal interference)
or decide if two patterns of four dots on a 4 X 4 grid were
the same or different (a visuospatial interference condition).
Hund (2016) and Meilinger et al. (2008) used similar inter-
ference tasks while examining wayfinding as the primary
task. Here, the verbal interference task was word/non-word
judgment. For the visual interference task, participants had
to judge whether the two hands of the clock would be in the
same half of the clock face or different halves of the clock
face (dividing the clock face into an upper and a lower half)
given a specific time of day (e.g., “6 o’clock™). Meilinger
et al. (2008) also had a spatial interference task where partic-
ipants were asked to judge from which direction a sound was
coming. Pilling et al. (2003) used relative size discrimination
and rhyme judgment. A special subclass of verbal judgment
task is the Stroop task, where participants are presented with
color words written with colored letters and have to respond
based on the color of the letters and not the color name of
the word. This type of judgment task was used in two stud-
ies, both testing motor control (Biese et al., 2019; Talarico
et al., 2017).

@ Springer

Interim discussion of interference tasks

We found four main types of verbal interference tasks: syl-
lable repetition, verbal memory, verbal shadowing, and
judgment tasks. The review of the different tasks raised a
few issues. First, it was not always clear to us which task
was secondary and which was primary. Second, it is often
difficult to assess performance on the interference task.
Third, the verbal and non-verbal interference tasks do not
always live up to the dual constraints of being (a) equally
demanding and (b) different in only the presence or absence
of “verbality” (Perry & Lupyan, 2013). We address these
issues here.

In several studies we reviewed, it was unclear which was
the ‘primary’ task and which was the ‘secondary’. Usually,
researchers are interested in investigating the role of covert
language in a specific cognitive component which they term
the primary task (e.g., memory for facial expressions) and
use a secondary task (e.g., rhyme judgments) to interfere
with the primary task. Many times, however, the distinction
between primary and secondary task is merely a question of
terms. Trying to memorize facial expressions might inter-
fere with rhyme judgments, but making rhyme judgments
might also interfere with trying to memorize facial expres-
sions. It is necessary therefore to measure a potential trade-
off effect where participants may devote all their resources
to the secondary task instead of the primary task — if there
is a trade-off effect, performance on the primary task and
performance on the secondary task should be negatively cor-
related. Unfortunately, this is very rarely reported and often
cannot be assessed because performance on the secondary
task is generally not measured. This is, for example, the case
with syllable repetition and verbal shadowing where the
experimenters do not objectively assess performance, often
simply writing something to the effect of: “The experiment-
ers monitored that participants repeatedly uttered the word
‘the’” at 2 Hz.” Without having some form of performance
measure on the secondary task, we have no way of knowing
how engaged participants are in the task, and whether the
engagement fluctuates according to the demands of the pri-
mary task, for example, participants may strategically pause
shadowing or verbal rehearsal when faced with a difficult
trial on the primary task.

The third issue relates to how comparable the verbal
and non-verbal interference tasks are. Ideally, the two tasks
should be simultaneously equally difficult and attention-
ally demanding and differ only in their involvement of lan-
guage. This is difficult to operationalize and has not always
been done (or done well). Hermer-Vazquez et al. (1999),
for example, ascertained that their verbal shadowing and
rhythm shadowing tasks were equally demanding by assess-
ing participants’ performance on a visual search task and
finding that the two interference tasks had comparable
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detrimental effects. The conclusion that the two tasks are
equally demanding in this case relies on the assumption that
a visual search task would demand equal resources from
verbal and visuospatial working memory, which is debat-
able. Relatedly with studies using syllable repetition, there
has been some debate on whether the foot tapping task is an
appropriate equivalent interference task in terms of demand.
Proponents argue that it is equivalent because it is a simple
motor task like repeating a word and should be as automatic
and undemanding of the “central executive,” the only dif-
ference between syllable repetition and foot tapping then
being that syllable repetition involves articulatory organs
(e.g., Emerson & Miyake, 2003, Appendix A).

In the discussions of the primary tasks investigated
below, it is important to keep these interference task issues
in mind. It may be the case that the presence or absence of
verbal interference effects are not caused by the involve-
ment or lack thereof of covert language but rather caused by
incomparability of verbal and non-verbal interference tasks,
hidden trade-off effects, or interference tasks that are not
appropriate to the primary task investigated.

Effects of verbal interference on different cognitive
tasks

We first describe the key studies from each family of pri-
mary functions we investigated and summarize the overall
findings. The broad categories of primary functions investi-
gated (ordered by how many studies each category contains)
are: reasoning (verbal and non-verbal materials), memory,
task switching, categorization (simple and complex), visuos-
patial integration and wayfinding, mental arithmetic, visual
change, theory of mind, and motor control. See Appendix A
(OSM) for a listing of the individual studies.

Reasoning

We identified 20 studies investigating reasoning. These can
be divided into those using verbal materials (which encom-
passes studies that investigate formal logical problem-solv-
ing presented in a verbal format) and those using non-verbal
materials (e.g., matrix reasoning, visual recursion, Tower
of London).

Using verbal materials Eight studies investigated the role of
covert language in reasoning using verbal materials (Evans
& Brooks, 1981; Farmer et al., 1986; Gilhooly et al., 1993,
1999, 2002; Klauer, 1997; Meiser et al., 2001; Toms et al.,
1993), which include propositional reasoning, conditional
reasoning, and syllogistic reasoning. Here, covert language
is hypothesized to help through providing a representational
structure that facilitates reasoning with premises, conclu-
sions, conditionals, assumptions, etc. Problems are presented

in a verbal format and participants usually have to respond
by saying whether the conclusion is valid or invalid.

Evans and Brooks (1981) tested participants on condi-
tional reasoning and found that their rate of accepting invalid
inferences was not affected by either simple, overlearned
articulatory suppression (repeating the digits 1-6 in order)
or articulatory suppression with a memory load (repeating
the digits 1-6 in a random order specified by the experi-
menter). Somewhat surprisingly, response times were actu-
ally faster during articulatory suppression (this pattern is
frequently seen; we comment on it in the Discussion). Test-
ing both true/false judgments of declarative sentences about
the order of two presented letters and mental rotation judg-
ments, Farmer et al. (1986) found that digit repetition selec-
tively impaired reasoning while spatial tapping selectively
impaired the mental rotation judgments. In contrast with
Evans and Brooks (1981), Toms et al. (1993) investigated
conditional reasoning and found that articulatory suppres-
sion instantiated by repeating a simple overlearned sequence
did not impair reasoning judgments, but that articulatory
suppression with a memory load did. Specifically, the mem-
ory-load condition made participants less likely to accept
valid modus tollens inferences (if p then q =2 not q then not
p). As Toms et al. (1993) themselves point out, there were
some methodological differences between the two studies
— most importantly, the study by Evans and Brooks used a
between-subjects design, which could mean that it was not
sufficiently sensitive to separate interference effects from
individual differences in reasoning abilities.

Generally, the studies found a specific disruptive effect of
random number generation but not of concurrent repetition
of an overlearned sequence of digits. The latter was some-
times also disruptive — although the pattern is far from clear
— but never more so than visuospatial concurrent tasks when
these were included. Articulatory suppression seemed to be
more disruptive when premises were presented sequentially
than when they were presented simultaneously (see Gilhooly
et al., 1993, 2002, respectively). Especially the finding that
dual-task interference is observed with trained/skilled par-
ticipants but not with untrained/low-skilled participants is
relevant for the present review as an illustration of the idea
that reliance on a verbal strategy in reasoning might depend
on skill-level.

Using non-verbal materials Reasoning using non-verbal
materials encompasses 12 studies, three of which included
the Tower of London task as the primary task (Cheetham
et al., 2012; Phillips et al., 1999; Wallace et al., 2017), two
tested the Wisconsin Card Sorting Task (Baldo et al., 2005;
Dunbar & Sussman, 1995), two tested a Visual Errands Test
(Law et al., 2006, 2013), one tested paper folding, card rota-
tions, and picture matching (Hegarty et al., 2000), one tested
visual recursion (Martins et al., 2015), one tested the Hidden
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Figures Test (Miyake et al., 2001), one tested Raven’s Pro-
gressive Matrices (Rao & Baddeley, 2013), and one tested
analogical mapping (Waltz et al., 2000). Generally, in these
cases, language is hypothesized to be involved as a problem-
solving tool where participants discuss with themselves or
simulate potential solutions to the problems internally. It is
also sometimes the case that covert language is hypothesized
to help by providing a label for the rule when this has to be
discovered (e.g., in the Wisconsin Card Sorting Task, in the
Martins et al. visual recursion study, or in Raven’s Progres-
sive Matrices).

The Tower of London task requires participants to move
a stack of discs from one peg to another while preserving
a specific order (e.g., a smaller disc can never be under a
larger disc). Of the three studies investigating the Tower
of London task, only Wallace et al. (2017) found a specific
effect of articulatory suppression with participants making
more excess move in this condition. Cheetham et al. (2012)
used memory-based interference tasks and found that only
performance on the secondary tasks was affected — and not
performance on the Tower of London task. Visuospatial
memory was significantly worse when performed concur-
rently with the Tower of London task. Notably, Phillips et al.
(1999) found that articulatory suppression had a positive
effect on both completion time and error rate.

The Wisconsin Card Sorting Task requires participants
to sort cards according to rules that they have to discover
through trial-and-error and which change frequently. Dunbar
and Sussman (1995) found a specific effect of articulatory
suppression on perseverative errors (when participants per-
severe with sorting according to a rule that has changed)
compared with tapping but no interference on number of
categories achieved or non-perseverative errors. In contrast,
Baldo et al. (2005) found that both articulatory suppression
and foot tapping were associated with more perseverative
and non-perseverative errors, but these two interference
conditions were importantly not statistically different from
each other. This means that we cannot say if the impairment
was due to dual-task demands or specifically due to verbal
demands.

The Visual Errands Test did not appear to be affected
by verbal interference. In this kind of study, participants
must complete a list of errands in a virtual environment
while taking care not to break some rules. Thus, this task
is more about planning and multitasking than about visuos-
patial orientation. In both studies (Law et al., 2006, 2013),
the interference tasks hypothesized to involve the Central
Executive (random month generation, tone localization) had
larger negative impact than articulatory suppression. There
was no specific effect of verbal interference on number of
errands completed, number of errors/rule breaks, or time.

The remaining four studies in this section investigated
the Hidden Figures Test (Miyake et al., 2001), Raven’s
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Progressive Matrices (Rao & Baddeley, 2013), visual recur-
sion (Martins et al., 2015), and analogical mapping (Waltz
et al., 2000) respectively. The Hidden Figures Test is a
visuospatial problem-solving test requiring participants to
identify which of five simple figures is hidden inside a more
complex figure. In Raven’s Progressive Matrices, partici-
pants are presented with a set of patterns organized accord-
ing to a specific rule, and need to figure out which of several
patterns best completes a 3 X 3 matrix. In Martins et al.
(2015)’s study, participants were asked to judge whether
some visual patterns could be generated by recursive rules
from other visual patterns. In the analogical mapping task
investigated by Waltz et al. (2000), participants have to map
visual scenes onto each other by their relational properties
instead of their surface properties. None of these four stud-
ies showed a specific negative effect of verbal interference.

Taken together, verbal interference does not obviously
disrupt visuospatial problem-solving of the kind tested in
these studies. Only two of the 12 studies — Dunbar and Suss-
man (1995) and Wallace et al. (2017) — found a specific
disruptive effect of verbal interference. Interestingly, in both
Dunbar and Sussman (1995) and Wallace et al. (2017), ver-
bal interference was associated with less inhibitory control,
i.e., making more excess moves or continuing with perse-
verative errors. This may indicate that covert language is
recruited for inhibitory control.

Memory

We found 17 studies that investigated memory under dif-
ferent interference conditions (Annett & Leslie, 1996;
Brandimonte et al., 1992a, b; Croijmans et al., 2021; Gail-
lard et al., 2012; Gimenes et al., 2016; Henson et al., 2003;
Hitch et al., 1995; Mitsuhashi et al., 2018; Nakabayashi &
Burton, 2008; Pelizzon et al., 1999; Perkins & McLaughlin
Cook, 1990; Souza & Skora, 2017; Vandierendonck et al.,
2004; Vogel et al., 2001; Walker & Cuthbert, 1998; Wick-
ham & Swift, 2006). Covert language is hypothesized to aid
memory in different ways, for example by providing a more
abstract code for the item to be remembered in addition to
the representation in the relevant sensory modality (Paivio,
1991). This is known as dual coding theory and posits that
a memory trace is stronger if it is captured by both percep-
tual experience and verbal experience. Alternatively, covert
language could aid memory by providing a medium for con-
tinuous rehearsal of the items to be remembered. Of course,
these two hypotheses are not mutually exclusive as covert
language could potentially aid memory both by encoding
and by rehearsal.

Henson et al. (2003) did not find a specific detrimen-
tal effect of articulatory suppression on either a list probe
task assessing memory for serial order of visually presented
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letters or on an item probe task assessing memory for single
item presence or absence. The three other interference tasks
were irrelevant sound presentation, simple finger tapping,
and complex, syncopated finger tapping. There was some
indication that irrelevant sound and articulatory suppression
had a larger detrimental effect on the list probe task than on
the item probe task, although this was likely due to a ceiling
effect on the item probe task. Thus, the results from Henson
et al. (2003) do not support a selective role of covert lan-
guage in either memory for either serial order or individual
items. On the other hand, Nakabayashi and Burton (2008)
reported a specific detrimental effect of articulatory suppres-
sion on facial recognition memory. Articulatory suppression
during encoding was associated with worse performance on
recognition memory compared with both a verbalization
condition (where participants were asked to describe the
faces out loud) and a simple tapping condition. Interestingly,
Experiment 4 of Nakabayashi and Burton (2008) showed
some indication that encoding the faces verbally after visual
presentation had a weak detrimental effect on recognition
memory. This suggests that the benefits of verbal encod-
ing of visual stimuli depend on timing — this is reminiscent
of the verbal overshadowing effect (Schooler & Engstler-
Schooler, 1990), which is the finding that (forced) verbal
descriptions of visual stimuli make subsequent recognition
memory worse. In fact, Wickham and Swift (2006) investi-
gated the verbal overshadowing effect specifically and found
that verbal interference during stimulus presentation made
the detrimental effect of subsequent verbal (over)description
disappear.

Investigating memory for gestures, Gimenes et al. (2016)
found that a verbal strategy (training manipulation) for
remembering gestures was better than a gestural strategy,
and that verbal interference interfered with gesture repro-
duction accuracy regardless of strategy. In a similar study,
Mitsuhashi et al. (2018) found a specific effect of verbal
interference on the Luria Hand Test, which measures repro-
duction accuracy. Less conclusive evidence for the facilita-
tive role of language in memory comes from Walker and
Cuthbert (1998), who investigated memory for color-shape
associations, only using articulatory suppression as an inter-
ference task — thus it is not possible in this case to tell if
there was a specific effect or not. However, they found that
articulatory suppression disrupted the nameability advantage
associated with some of the stimuli, supporting the idea that
linguistic labelling facilitates memory. Interestingly, Souza
and Skoéra (2017) also found that overtly labelling colors to
be remembered facilitated reproduction accuracy but also
made the memory representation more categorical — in con-
trast, concurrent syllable repetition had a detrimental effect
on reproduction accuracy.

Four of the memory studies tested the effect of ver-
bal interference on both recognition memory and mental

transformations of images (Brandimonte et al., 1992a, b;
Hitch et al., 1995; Pelizzon et al., 1999). These studies found
that while verbal interference disrupted recognition memory,
mental transformation of the images to be remembered was
actually improved by verbal interference. Mental transfor-
mation in this case refers to subtracting elements from the
images, rotating them, or combining them to produce other
recognizable forms. In addition, both advantages and dis-
advantages (e.g., stemming from degree of nameability)
associated with verbal labelling disappeared with verbal
interference. The authors of these four studies interpret the
findings to mean that we normally use verbal resources to
name visual stimuli to be remembered, and that this helps
us recognize the stimuli later. However, the stored represen-
tation in verbal format does not maintain all the details of
the original visual stimuli, which is why manipulations that
depend on visual details are easier under verbal interference.
This interpretation fits well with the color memory study by
Souza and Skora (2017) discussed above.

In most memory studies, the material to be remembered
is presented visually, and nameability effects are found.
However, some studies have also investigated the olfactory
modality and memory for odors. Olfactory memory has been
argued to depend on both a verbal code (taking advantage
of odor labels) and a visual code (encoding an odor as the
image of an object that prototypically smells like that). In
a study that tested memory for wine odors, Croijmans et al.
(2021) found that while experts were better than novices
at both recognition and free recall, verbal interference had
no effect on either group. Of the two other olfactory mem-
ory studies, one also did not find that verbal interference
negatively affected memory performance (Annett & Leslie,
1996) and one found that digit shadowing had a specific
negative effect on recognition, but not free recall (Perkins
& McLaughlin Cook, 1990). Thus, there is no firm support
for the on-line role of covert language in olfactory memory.

In summary, encoding items to be remembered verbally
can be both beneficial (e.g., nameability advantages) and
detrimental (e.g., verbal overshadowing effect), depending
on what is to be remembered. The studies discussed here
appear to support the idea that covert language influences
memory as both advantageous and disadvantageous effects
associated with verbal encoding disappeared under verbal
interference.

Task switching

The present review found 16 studies investigating the role
of covert language in task switching (Baddeley et al., 2001;
Brown & Marsden, 1991; Bryck & Mayr, 2005; Emerson
& Miyake, 2003; Grange, 2013; Kirkham et al., 2012;
Liefooghe et al., 2005; Miyake et al., 2004; Saeki, 2007;
Saeki et al., 2006, 2013; Saeki & Saito, 2004a, b, 2009;
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Tullett & Inzlicht, 2010; Weywadt & Butler, 2013). All
these studies test participants’ ability to switch between two
tasks and measure switch cost on reaction time and error
rate (i.e., how much slower are the responses when a task
B trial immediately follows a task A trial compared to if it
follows another task B trial). These tasks included adding
and subtracting numbers (Baddeley et al., 2001; Emerson &
Miyake, 2003; Saeki & Saito, 2004a), color or shape sorting
tasks (Kirkham et al., 2012; Liefooghe et al., 2005; Miyake
et al., 2004), numerical or physical size judgment tasks
(Saeki, 2007; Saeki et al., 2006, 2013; Saeki & Saito, 2004b,
2009), a Stroop task (Brown & Marsden, 1991), arithmetic
problems verification (Bryck & Mayr, 2005), detection of
different visual shapes preceded by visual cues (Grange,
2013), switched and regular versions of a Go/No-go task
(Tullett & Inzlicht, 2010), and voluntary switching between
odd/even and high/low digit judgments (Weywadt & Butler,
2013). It is worth noting that it is difficult to say if these task-
switching experiments investigate flexibility (as participants
need to flexibly shift between task sets) or inhibition (as
participants need to inhibit the responses that they would
make according to the non-active task set), or indeed if these
two processes are two sides of the same coin.

As is evident from the above list, there are several differ-
ent types of switch tasks represented in this primary task cat-
egory — however, they all have in common that participants
are asked to switch between responding to the same stimuli
according to the rules of two different task sets. Usually, the
studies also compare conditions where the relevant rule is
somehow cued (e.g., displaying a ‘+” when the task is to
add and a ‘—’ when the task is to subtract) to conditions
where the relevant rule is not cued or cued in a different
way (e.g., endogenously vs. exogenously). Participants are
hypothesized to retrieve and maintain the relevant rule or
task set verbally. When the relevant rule is externally cued,
articulatory suppression should have no effect if verbal
rehearsal is under normal circumstances used as a sort of
internal cue. Additionally, the studies also all use syllable
repetition and foot or finger tapping as verbal and non-ver-
bal interference tasks.

As an example of one of these task-switching studies,
Baddeley et al. (2001) conducted seven experiments where
they varied the types of interference task while partici-
pants completed either blocked or switched lists of num-
bers to be added or subtracted. The task on an individual
trial either required the participant to remember the rule
(endogenous condition) or included the rule as indicated
by a plus or a minus sign (exogenous condition). Perfor-
mance on switched trial lists was slower than on blocked
trial lists — the experimenters measured the cumulative
reaction time on a list where the participants had to alter-
nate between adding and subtracting 1 and a list where
they always had to either add or subtract 1. There were two
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different interference tasks as well: articulatory suppres-
sion (reciting days of the week or months of the year) and
task taxing the central executive and verbal working mem-
ory (alternating day of the week and month of the year;
Monday — January — Tuesday — February etc.). The execu-
tive task was associated with slower performance on both
switched and blocked trials while articulatory suppression
only appeared to slow performance on switched trials. Fur-
ther, reaction times were slower with verbal interference
on endogenously versus on exogenously cued trials. This
difference between reaction times presumably indicates the
cost associated with maintaining and drawing on a mental
representation of the task (adding or subtracting).

Overall, the pattern of results from these 16 studies sup-
ports the idea that covert language is used to retrieve and
maintain the task-relevant rule. Articulatory suppression
seems to disrupt task switching when task cues are not pre-
sent in the stimuli (Emerson & Miyake, 2003), suggesting
that verbal rehearsal is needed to “remind” the participant
of the task at hand.

Categorization

Sixteen studies investigated the role of language in categori-
zation (Gilbert et al., 2006, 2008; He et al., 2019; Liu et al.,
2008; Lupyan, 2009; Maddox et al., 2004; Minda et al.,
2008; Newell et al., 2010; Pilling et al., 2003; Roberson &
Davidoff, 2000; Winawer et al., 2007; Witzel & Gegenfurt-
ner, 2011; Zeithamova & Maddox, 2007). In categorization
studies, covert language is hypothesized to aid cognition by
providing labels to carve up continuous perceptual space,
for example, the color spectrum (Lupyan, 2012a). In stud-
ies that investigate novel category learning, covert language
is supposedly recruited for learning discrimination patterns
that are rule-based and easily verbalizable. In contrast, dis-
crimination patterns that rely on more high-dimensional pat-
terns are hypothesized to be learned in a more procedural
way (see e.g., Maddox & Ashby, 2004). There are impor-
tant differences between studies where participants need to
categorize along some criterion (e.g., that does not belong
based on size) and odd-one-out/perceptual matching stud-
ies. These tasks vary a great deal in how much you need to
know to perform well, for example, detecting a visual dif-
ference versus using semantic knowledge or learned rules to
solve a given categorization problem. Therefore, we divide
this section into “simple categorization” and “complex cat-
egorization.” The first section includes studies investigating
perceptual discrimination and matching within and between
known categories. The second section includes studies that
involve learning novel categories and forming ad hoc cat-
egories involving, for example, focusing on one dimension
while abstracting over other dimensions.

| Journal : Large 13423 Article No : 2144 Pages : 25

MS Code : PBR-TR-22-013

Dispatch : 9-7-2022

828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847

848

849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877



878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930

Psychonomic Bulletin & Review

Simple categorization These studies investigate the use of
already existing categories for detection of differences (e.g.,
between different colors). Most of them focus on color cat-
egories, although the categorization of facial expressions,
spatial relations, and animals have also been investigated.
In the color classification studies, participants are presented
with a color and asked to classify it or presented with a
selection of colors and asked to find the odd one out. In Gil-
bert et al. (2006), for example, participants were presented
with a circle of colored squares where all except one were
the same color. Participants then had to respond indicating
which half of the circle the odd colored square was in. The
color of the odd square was either in the same color category
as the remaining squares (e.g., a different shade of green)
or in a different color category (e.g., blue among greens).
This study found that there was a cross-category advantage
in the right visual field, possibly related to verbal labels, but
that this advantage disappeared under verbal interference. A
later study, however, attempted to replicate the Gilbert et al.
(2006) findings but found that if the colors were more care-
fully controlled, the effect of visual field disappeared and did
not differ depending on the presence or absence of verbal
interference (Witzel & Gegenfurtner, 2011). Other studies
without verbal interference have successfully replicated the
visual field effect (Zhong et al., 2015; Zhou et al., 2010).
In a study testing Russian- and English-speaking partici-
pants, Winawer et al. (2007) found the two groups differed
when they were asked to discriminate shades of blue that
were either within-category or across-category for the Rus-
sian speakers (Russian “blue” is divided into two separate
terms, “‘goluboy” meaning lighter blues and “siniy”” meaning
darker blues). There was a category advantage for Russian
speakers but not for English speakers. The Russian category
advantage disappeared with verbal interference. A parallel
effect was found by He et al. (2019), who tested Chinese and
Mongolian speakers (the latter have different color words for
light blue and dark blue, the former do not). Extending the
category effects found in color discrimination, Gilbert et al.
(2008) investigated categorization of dog and cat silhouettes
and found that the language-based categorization effect was
stronger in the right visual field than in the left, and that this
category effect was attenuated by verbal interference.
Kranjec et al. (2014) tested categorical and coordinate
spatial relation tasks and found that a one-back word-
matching task had a larger disruptive effect than a one-back
pattern-matching task. In these spatial relations tasks, par-
ticipants were asked to make same/different judgments of
dot-cross configurations that differed in how verbalizable the
differences were. Counter to the author’s prediction, there
was no difference between the effect of verbal interference
on trials with easier-to-name versus harder-to-name spatial
categories. Two other studies investigating categorical and
coordinate spatial relation tasks did not find specific effects

of verbal interference (Dent, 2009; van der Ham & Borst,
2011). These two both used syllable repetition as the inter-
ference task, although only one (van der Ham & Borst, 2011)
also included a non-verbal interference task (finger tapping).

Investigating categorical perception of both color and
faces, Roberson and Davidoff (2000) found a selective inter-
ference effect of a verbal concurrent task. With the verbal
concurrent task, the increased accuracy usually associated
with cross-category judgments relative to within-category
judgments had disappeared. The authors interpret this as
indicating that the advantages associated with categorical
perception and memory of faces and colors derive from ver-
bal encoding and storage. In an attempt to replicate Rober-
son and Davidoff’s (2000) experiment, Pilling et al. (2003)
found that if the type of interference task was unpredictable,
the category advantage survived verbal interference. The
authors suggest that unpredictability of interference task
condition may have discouraged the use of a verbal strategy.
In another study that similarly calls into question the role of
on-line language in categorical perception of color, Liu et al.
(2008) found that the cross-category boundary advantage
survived verbal interference. Although these studies show
somewhat conflicting results, they indicate some tentative
support overall for the idea that linguistic labels facilitate
the speed and accuracy with which we make discrimination
and detection judgments.

Complex categorization In one group of studies, partici-
pants are asked to learn novel categories where the cat-
egory structure is either rule-based and easily verbalizable
(e.g., “red things are in category A, blue things are in
category B”) or where the category structure relies on
information-integration (where at least two differently
expressed dimensions need to be combined) and is not
easily verbalizable. Support for this distinction comes
for example from Maddox et al. (2004), who found that
a four-digit memory task disrupted the learning of rule-
based category structures but not information-integration
category structures. Similarly, Minda, Desroches, and
Church (2008) found that adults under verbal interference
displayed a category-learning pattern similar to that of
children in that they found disjunctive rules harder to learn
(“red and small OR blue and large things are in category
A, blue and small things OR red and large things are in
category B”). Zeithamova and Maddox (2007) found that
both a visual and a verbal concurrent memory task dis-
rupted rule-based category learning but not information-
integration category learning. In interpreting the results
of these studies, it is important to take into account that
Newell et al. (2010) found that the dissociation between
information-integration and rule-based categorization dis-
appeared when only participants who actually learned the
rule were included in the analysis.

@ Springer

Journal : Large 13423 Article No : 2144 Pages : 25

MS Code : PBR-TR-22-013

Dispatch : 9-7-2022 |

931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956

957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982



983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002

1003

1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032

Psychonomic Bulletin & Review

In a study investigating complex processing of already
learned category structures, Lupyan (2009) investigated
effects of verbal and visuospatial interference on partici-
pants’ ability to appreciate different kinds of similarities
among pictures of familiar objects (or words denoting those
objects). Participants were shown three pictures or words
and asked to choose the object/word that was most differ-
ent from the two based on its real-world color, size, or the-
matic/function relationship. The study was based on prior
work showing that individuals with aphasia were selectively
impaired when asked to isolate specific perceptual dimen-
sions such as color or size, but were similar to controls
when asked to group on more thematic or functional criteria
(Cohen et al., 1980; Davidoff & Roberson, 2004; De Renzi
& Spinnler, 1967; see Vignolo, 1999, for review). Lupyan
sought to determine whether a similar dissociation could
be observed in non-aphasia participants whose language
was interfered with during the task, and found that verbal
interference selectively affected color and size trials for both
picture and word stimuli.

Visuospatial integration and wayfinding

Twelve studies investigated the role of covert language in
visuospatial integration and wayfinding (Bek et al., 2009,
2013; Caffo et al., 2011; Garden et al., 2002; Hermer-
Vazquez et al., 1999; Hund, 2016; Hupbach et al., 2007;
Labate et al., 2014; Meilinger et al., 2008; Piccardi et al.,
2020; Ratliff & Newcombe, 2005, 2008). In these studies,
covert language is supposed to help by providing a common
medium for the integration of information from different
sensory modalities as well as different types of information
from the same sensory modality (e.g., shape and color).

Hermer-Vazquez et al. (1999) is one of the most famous
studies in this field and widely cited in philosophy of cogni-
tive science as evidence for the role of language in cogni-
tion (Carruthers, 2002; Clark, 1998; Gomila et al., 2012). In
the original study, participants were placed in a rectangular
room and saw something being hidden in one of the corners
of the room. They were then blindfolded and spun around
until they were thoroughly disoriented. The dependent vari-
able in this kind of study is participants’ search behavior
— which corner do they search in? How do they reorient
themselves? Originally, Hermer-Vazquez et al. (1999) found
that participants engaged in verbal shadowing were unable
to combine geometric and color features of the room to find
the right corner (i.e., using both the fact that two walls were
shorter than the others and the fact that one end wall was
painted a different color).

Six of the remaining studies reviewed include attempts
to replicate and extend these findings, unsuccessfully in all
cases. To test whether the size of the room mattered, both
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Hupbach et al. (2007) and Ratliff and Newcombe (2008;
Experiment 3) used a bigger room than Hermer-Vazquez
et al. (1999), and found that only a spatial interference
task impaired reorientation performance. Bek et al. (2009)
compared prose shadowing and syllable shadowing and
found that neither reduced performance to chance levels
as in Hermer-Vazquez et al. (1999). Testing the effect of
the specific instructions given to participants, Ratliff and
Newcombe (2005) tested the difference between implicit
and explicit directions and found no specific effect of ver-
bal interference. Similarly, Bek et al. (2013) found that
prose and syllable shadowing both only disrupted reori-
entation performance when instructions were vague and
non-specific like in Hermer-Vazquez et al. (1999). There
was no difference between the two shadowing types. Fur-
ther variations of the original paradigm include a study
by Caffo et al. (2011) that tested a virtual version of the
reorientation task with syllable repetition as the verbal
interference task and spatial tapping as the spatial interfer-
ence task. Performance during both interference tasks was
worse than the control condition, but spatial interference
was significantly worse than verbal interference. There is
a risk, however, that this was a motor artifact — partici-
pants had to perform spatial tapping with the left hand and
navigate the virtual environment with a joystick with the
right hand.

The remaining five experiments in this category inves-
tigated wayfinding in various more complex ways. Labate
et al. (2014) examined learning of maps including land-
marks and routes through navigation in a real environment
and found that a spatial tapping task was worse for perfor-
mance than a syllable repetition task. Comparable results
were found by Meilinger et al. (2008) and Hund (2016), who
investigated similar wayfinding tasks with similar interfer-
ence tasks, namely word/non-word judgments as the verbal
interference and clock hand judgments as the visual interfer-
ence. Both studies found that the visuospatial interference
tasks had a stronger detrimental effect on performance than
the verbal interference tasks. Potentially shedding light on
the different contributions of visuospatial and verbal work-
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ing memory, Garden et al. (2002: Experiment 2) found that{{exilt3

the degree to which participants were affected by verbal
and visuospatial interference tasks in a real-world naviga-
tion problem depended on individual differences in spatial
ability. Specifically, participants with high spatial ability
were more affected by a concurrent spatial tapping task, and
conversely participants with low spatial ability were more
affected by a concurrent verbal interference task. Further
testing the effect of many different kinds of interference
tasks, Piccardi et al. (2020) investigated navigational work-
ing memory and found that only sound localization disrupted
performance. The other interference tasks were stationary
walking, stationary complex movements, nonsense syllable
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repetition, repetition of egocentric spatial words, and repeti-
tion of non-egocentric spatial words.

Despite early findings, the studies discussed in this sec-
tion taken together do not provide strong support for the idea
that covert language is recruited for visuospatial integration
and wayfinding.

Mental arithmetic

Nine studies investigated cognitive processes related to
mental arithmetic and exact number representation (Clear-
man et al., 2017; Frank et al., 2012; Imbo & LeFevre, 2010;
Lee & Kang, 2002; Logie et al., 1994; Robert & LeFevre,
2013; Seitz & Schumann-Hengsteler, 2000, 2002; Trbovich
& LeFevre, 2003). The phonological loop is hypothesized
to help with mental arithmetic by keeping track of partial
results needed for further computations (Ashcraft, 1995;
Imbo et al., 2005). The studies often contrast arithmetic
problems that require fact retrieval (usually small problems
< 10) and problems that require carry operations. Most of
the studies in this section found that verbal interference
disrupts mental arithmetic across varying presentation for-
mats (auditorily, visually, horizontally, vertically), problem
size, and kind of mental arithmetic (addition, subtraction,
multiplication). However, testing the effect of different dis-
tractors, Clearman et al. (2017) found that attending to the
color and location of three dots for subsequent recall had a
larger adverse effect on the speed of mental arithmetic than
attending to words presented aurally for subsequent recall.
Thus, there was no evidence of specific verbal involvement.
Frank et al. (2012), on the other hand, found that both ver-
bal shadowing and a memory task disrupted exact number
representation for larger quantities. They conducted three
experiments, only one of which included a control interfer-
ence task — a comparison between memory for a sequence of
consonants and a sequence of dot locations on a grid. Taken
together, these studies seem to indicate that covert language
resources are recruited for mental arithmetic problems
that are most effectively solved using a verbal code — this
includes problems featuring carry and borrow operations,
problems presented horizontally (contrasting with vertically
presented problems that appear to invite visual strategies),
and problems presented auditorily.

Visual change

The six studies in this category include those investigating
visual change detection (Hollingworth, 2003; Sense et al.,
2017; Simons, 1996), mental animation (Sims & Hegarty,
1997), similarity ratings of motion events (Feinmann, 2020),
and visuospatial construction and memory (Bek et al., 2009:
Experiment 1). Bek et al. (2009) found a specific detrimental
effect of verbal interference, but this effect was limited to

one of their tasks. They used a block design task in which
participants were asked to construct two-dimensional
designs of red and white blocks, and a complex figure task
in which participants were asked to copy a figure and draw
it again from memory after a delay. Verbal shadowing only
interfered with the complex figure task and only if partici-
pants were shadowing during the encoding stage and not
the retrieval stage. The authors argue that the reason verbal
shadowing interfered with the complex figure task and not
the block design was that the complex figure task contained
nameable elements. Nameability was also an important fac-
tor in Simons (1996) where the advantage associated with
change detection for common objects (hats, chairs, etc.)
disappeared with verbal shadowing. Interestingly, Holling-
worth (2003) compared detection of rotation change and
token change and found that token change detection was in
fact more accurate with verbal interference than in a control
condition.

Theory of mind

Four studies have investigated the on-line role of covert
language in theory of mind (Dungan & Saxe, 2012; For-
geot d’Arc & Ramus, 2011; Newton & de Villiers, 2007,
Samuel et al., 2019). Theory of mind refers to the ability to
attribute thoughts, beliefs, intentions, etc. to other humans,
even when these are at odds with one’s own worldview. The
connection between language and theory of mind is a much
debated topic with input from developmental psychology
(Lohmann & Tomasello, 2003), evolutionary psychology
(Dunbar, 1998; Malle, 2002), and neuroscience (Siegal &
Varley, 2006), among others. One hypothesis for why lan-
guage would aid theory of mind is that the syntactic struc-
ture of sentential complements is recruited for representing
other people’s mental states, for example, “she thinks [that
the apple is in the box]” (de Villiers, 2007; de Villiers & de
Villiers, 2000; de Villiers & Pyers, 2002). Alternatively, the
connection between theory of mind and language in develop-
ment could be that hearing adults talk about mental states
directs children’s attention to unseen mental states as well as
the abstract properties that superficially different situations
have in common (Milligan et al., 2007).

Of the four studies reviewed here, only Newton and de Vil-
liers (2007) found a specific effect of verbal interference on a
theory-of-mind task where participants were asked to choose
the correct ending for false belief videos. There was no effect
of either verbal shadowing or rhythm shadowing (the compari-
son task) on true-belief videos. There are some issues with this
experiment, however. For example, the authors did not include
a control condition with no interference or attempt to equate
the two interference tasks for difficulty. This latter point was
rectified by Dungan and Saxe (2012), who found that when
the verbal and non-verbal interference conditions were better
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equated for difficulty, there was no effect of verbal interference
on false belief reasoning. Similarly, Forgeot d'Arc and Ramus
(2011) compared belief judgment tasks and mechanistic judg-
ment tasks, and found that verbal shadowing had an overall
effect on performance but not specifically on belief attribution.
They did not compare with another interference task. Test-
ing the effect of a different type of verbal interference task,
Samuel et al. (2019) compared performance on false belief and
false-photograph trials with interference tasks that involved
an eight-digit covert rehearsal with a memory test and a4 X 4
grid pattern rehearsal with a memory test. This study did not
find that the false belief task was specifically impaired by the
verbal interference task. It is worth noting that the interference
here was not during the encoding stage but instead between
encoding and retrieval. Nevertheless, the results of these four
studies seem to indicate that there is little evidence that covert
language is involved in on-line theory-of-mind reasoning.

Motor control

We found two studies that investigated the role of covert
language in motor control in some way: jump landing per-
formance (Biese et al., 2019) and single leg postural control
(Talarico et al., 2017). The reasoning behind why covert
language would help with motor control stems from Vygot-
skian self-regulation, according to which we use our inner
voice to control our own behavior (Vygotsky, 1962). Covert
language focuses attention on motor control and can be used
to cue specific subcomponent motor actions that facilitate
the overall movement goal (e.g., jumping, serving, hitting,
etc.). Both studies found that a verbal interference task had a
specific disruptive effect, one on reaction time (Biese et al.,
2019) and one on squatting speed and depth (Talarico et al.,
2017). Both studies compared physical performance during
a Stroop Color Word test versus on a Brooks Visuospatial
task, but these two interference tasks are not necessarily
equated in other respects than the verbal (see Judgment tasks
section above). This lack of comparability is underscored by
the fact that both the Stroop Color Word test and a Symbol
Digit Modalities test (basically an association memory test)
had adverse effects on jump landing performance in Biese
et al.’s (2019) study. Thus, there is some doubt as to whether
it was the verbal component of the Stroop task that caused
the interference or just attentional demands — the Stroop task
also is not “pure” verbal interference in that sense as it also
puts demands on executive control (response inhibition).

Discussion
As the above review has illustrated, the literature investi-

gating the role of covert language in cognition using dual-
task methodologies is broad and varied. Nevertheless, it is
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possible to extract some general trends and tendencies. In
the above sections, we provided an overview to aid in under-
standing what cognitive functions language may and may
not be involved in. In the following, we will attempt to tie it
all together. Additionally, we will provide suggestions and
recommendations for methodology used in future studies
— in order to make results from different experiments more
comparable — and encourage theoretically motivated reasons
for choosing one interference type over another.

Summary of the findings

As can be seen in Table 1 and Fig. 2, it seems to be the case
that verbal interference has a specific disruptive effect on
tasks involving simple categorization, mental arithmetic,
memory, motor control, and task switching. Verbal inter-
ference does not appear to have a specific disruptive effect
on visual change, visuospatial integration and wayfinding,
reasoning with non-verbal materials, or theory-of-mind pro-
cessing. For the reasoning with verbal materials and com-
plex categorization categories, the evidence appears equivo-
cal. Generally, the studies on reasoning with verbal materials
that found a specific detrimental effect of verbal interfer-
ence only found this effect when participants were highly
skilled or trained (Gilhooly et al., 1999; Meiser et al., 2001)
or when the premises were presented sequentially (Gilhooly
et al., 2002). This might suggest that participants who had
learned a strategy (probably through verbal instruction) were
less able to use that under verbal interference conditions,
and that inner speech was used to rehearse premises con-
tinuously to keep the memory of them from degrading. The
studies on complex categorization that investigated novel
category learning generally demonstrate involvement of
working memory, but it remains somewhat unclear whether
the verbal component of working memory plays a specific
role (Maddox et al., 2004; Minda et al., 2008; Newell et al.,
2010; Zeithamova & Maddox, 2007). The one study that
tested complex categorization by abstracting over multiple
categories did find a specific effect of verbal interference
(Lupyan, 2009).

When does covert language use affect task
performance?

Language appears to be recruited for solving problems by
cuing yourself to remember the relevant task rule, nam-
ing shades of a color to distinguish it from other colors,
or naming objects or features to be remembered. There is
evidence of both implicit and spontaneous language effects
and more explicit language strategies — our findings suggest
people sometimes use very explicit verbal strategies to solve
tasks, as seen for example in the context of reasoning with
verbal materials. In general, it appears that covert language
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Table 1 Primary task areas with evidence of covert language involvement. Note that some studies used multiple interference types and thus

appear more than once in the “Interference task type” and “Was there a specific effect of verbal interference?” columns

Primary task area Number of studies ~ Number of partici-

Interference task type  Specific effect of

Specific effect of verbal

included in the pants included in the (N studies) verbal interference interference (N/total
review review (N/total studies) participants)
Categorization (com- 5 982 Memory (4) 2/4 224/910
plex) Repetition (1) 11 72/72
Categorization (sim- 11 702 Memory (7) 5/7 362/401
ple) Judgment (1) 1/1 120/120
Repetition (3) 1/3 135/181
Mental arithmetic 10 507 Memory (5) 3/5 185/353
Repetition (4) 4/4 130/130
Shadowing (1) 1/1 24/24
Memory 15 2,110 Memory (2) 0/2 0/900
Repetition (12) 10/12 918/1122
Shadowing (1) 1/1 88/88
Motor control 2 50 Stroop task (2) 2/2 50/50
Reasoning (verbal 8 900 Repetition (8) 4/8 696/900
materials)
Reasoning (non-verbal 12 812 Repetition (9) 3/9 166/634
materials) Memory (5) 0/5 0/178
Task switching 16 1,213 Repetition (16) 16/16 1213/1213
Theory of mind 4 243 Shadowing (3) 1/3 66/196
Memory (1) 0/1 0/47
Visual change 6 248 Shadowing (3) 2/3 1017135
Repetition (2) 12 12/27
Same/different string  0/1 0/86
(1
Visuospatial integra- 12 1,126 Shadowing (7) 2/7 370/546
tion and wayfinding Repetition (3) 0/3 0/364
Word/non-word judg- 0/2 0/216
ment (2)

aids cognition when the stimuli to be perceived, assessed,
manipulated, or remembered lend themselves to a verbal
code. We see this, for example, with the finding that nam-
ing objects makes them more likely to be remembered if
names for their features exist, or with the finding that mental
arithmetic problems demanding carry or borrow operations
appear to be facilitated by language.

For categorization, the hypothesis is that covert language
helps by providing a label to identify categories — this is an
example of where the language effects appear to be implicit
and involuntary. The fact that most of the studies reviewed
indicated that verbal interference disrupts categorization
fits well with the label-feedback hypothesis as proposed by
Lupyan (e.g., 2012a, b). This hypothesis proposes that verbal
labels — whether activated through overt or covert language
use, feed-back on lower-level cognitive/perceptual processes
with the effect of making them more categorical than they
would be otherwise. In one study, Lupyan (2009) had partic-
ipants judge which of three pictures (or words) was different

from two others according either perceptual features (size,
color), or more holistic thematic relationships. Under verbal
interference, participants were worse at categorizing objects
based on perceptual features but were still able to determine
the odd one out based on thematic relationships — a pattern
observed also in individuals with anomic aphasia (Cohen
et al., 1980; Davidoff & Roberson, 2004; Lupyan & Mirman,
2013). Such results suggest that covert language is causally
implicated in categorization tasks requiring isolation of spe-
cific dimensions (e.g., color). Recognizing that cherries and
bricks, or snowmen and swans, have something in common
is more difficult when language is interfered with or dis-
rupted through a neurological insult. Additional support for
this idea comes from studies using transcranial direct current
stimulation (Lupyan et al., 2012; Perry & Lupyan, 2014),
which have found that stimulating traditional language areas
(left posterior superior temporal cortex, left inferior frontal
cortex) disrupts the use of single-dimension categories.
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Was there a specific effect of verbal interference?
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Fig.2 Visualization of the overall results where each point repre-
sents a study included in the systematic review. The 11 primary task
categories are indicated on the x axis and by color. Each row shows
a different type of verbal interference. “Judgment” refers to judg-
ment of verbal materials (for example rhyme), “memory” refers to
the interference caused by a verbal memory task, “repetition” refers

Aside from isolating and abstracting over specific features
for categorization, language also appears to be involved in
discrimination and detection of already learned categories;
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to repetition of simple syllables or words, and “shadowing” refers to
the immediate repetition of continuously changing verbal material.
Whether there was a specific effect of verbal interference (either com-
pared with a non-verbal interference task or across different primary
tasks) is indicated by the column-wise subplots in the plot grid

Roberson and Davidoff (2000) investigated recognition
memory for colors and facial expressions and found that ver-
bal interference removed the advantage normally associated
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with categorical perception wherein cross-category judg-
ments are more accurate than within-category judgments.
Gilbert et al. (2006), (2008), Winawer et al. (2007), and He
et al. (2019) all investigated color discrimination and found
that there was a category advantage if the colors straddled
color word boundaries and importantly that this effect dis-
appeared with verbal interference. Roberson and Davidoff
(2000) compared the effect of interference that used color
words and non-color words, finding no difference between
the two interference types. This suggests that the verbal
interference effect they observed did not require cuing
specifically task-relevant words. Interfering with language
reduced categorical biases in color memory even when
interference did not target color words. Converging evi-
dence for effects of language on color memory comes from
a study by Souza and Skéra (2017), who had participants
remember colors while doing several tasks, among them,
verbal interference and explicit color labeling (a form of up-
regulation of language, see Perry & Lupyan, 2013). Unlike
Roberson and Davidoff (2000), Souza and Skora tested color
memory by having participants select colors from a continu-
ous distribution rather than through two-alternative forced
choice. The authors found that explicit labeling decreased
color memory in ways consistent with color labels inducing
more categorical encoding in memory. Verbal interference
during encoding did not affect color memory compared to
control encoding conditions. A similar effect of explicit
color-labeling increasing categoricality of color representa-
tions was found by Forder and Lupyan (2019), but this time
on untimed color discrimination accuracy, rather than color
memory.

Language does not just appear to affect cognition and
perception by imposing labels and categories; however, there
is also evidence that people use self-directed language to
control their own behavior through rehearsal or self-cuing.
In Emerson and Miyake’s (2003) task-switching study, for
example, verbal rehearsal plausibly helped maintain task set.
This interpretation is supported by both the fact that the
researchers found a specific effect of articulatory suppres-
sion and the fact that this effect depended on the existence of
explicit cues to the relevant task. When there were explicit
cues (plus and minus signs), articulatory suppression did not
cause increased switch costs, indicating that the function of
inner speech under no articulatory suppression is to provide
these self-instruction cues. Asking participants to overtly
verbalize the relevant cue to the task rule (presumably
what they are doing covertly under normal circumstances),
reduced response times, switching costs, and mixing costs
(Goschke, 2000; Grange, 2013; Kirkham et al., 2012). In
Nakabayashi and Burton (2008), participants were asked to
remember faces — it is possible that covert language could
be used as a mnemonic strategy in a similar way by allowing
participants to verbalize specific features of the faces to be

EEINT3

remembered (e.g., “potato nose,” “high cheekbones,” “no
eyebrows”, etc.) or an attempt to link faces to possible occu-
pations or personalities. In fact, Nakabayashi and Burton
(2008) found that when participants were asked to overtly
describe the faces during learning, they were better at recog-
nizing them than if they had just observed the faces silently,
and Gimenes et al. (2016) found that training participants on
a verbal strategy for remembering gestures improved their
performance. In the four studies on reasoning with verbal
materials that found specific effects of verbal interference
(Farmer et al., 1986; Gilhooly et al., 1999, 2002; Meiser
et al., 2001), the effects were only found for trained or highly
skilled participants who had learned a specific strategy to
solve the problems. As these strategies had been learned
through verbal instruction, it is also likely that participants
used inner speech to remind themselves of the relevant strat-
egy for individual problems. It is also interesting that some
studies found that disrupting verbal processing was associ-
ated with a loss of inhibitory control. For example, Dunbar
and Sussman (1995) found that participants under verbal
interference made more perseverative errors in the Wiscon-
sin Card Sorting Task, Tullett and Inzlicht (2010) found that
participants responded more impulsively on a Go/No-Go
task, Wallace et al. (2017) found that participants made more
excess moves on a Tower of London task while engaged in
verbal interference, and both Biese et al. (2019) and Talarico
et al. (2017) found that participants displayed poorer motor
control while engaged in a simultaneous Stroop task.
Occasionally, effects of implicit labelling and overt strat-
egies converge, as with nameability advantages of which
there are many examples. Bek et al. (2009) investigated the
Rey-Osterreith Complex Figure Test and the block design
subtest of the Weschler Adult Intelligence Scale (in Experi-
ment 1). They found that the block design task was unaf-
fected by verbal shadowing, presumably because this task
does not contain highly nameable features or require stor-
age and rehearsal of visuospatial information. Contrastingly,
copy and recall accuracy on the complex figure test were
reduced if participants engaged in verbal shadowing during
the copying stage and not if they were doing so during the
recall stage. Verbal shadowing thus seemed to affect encod-
ing rather than retrieval. The complex figure test notably
had more nameable features than the block design test (e.g.,
“cross,” “triangle”) — participants are likely to have used
these labels to support task performance and were prevented
from doing so during shadowing. Further evidence for name-
ability advantages being sensitive to verbal interference
comes from Walker and Cuthbert (1998), who investigated
the unitization effect in color-shape associations. The uni-
tization effect refers to the finding that memory for which
visual properties occurred together is better if the properties
are presented as belonging to the same object rather than
separate objects (i.e., it is easier to remember a red triangle
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than a triangle and the color red). For our present purposes,
the most interesting finding of this study was that the name-
ability advantage for particular shapes disappeared during
articulatory suppression, suggesting that some kind of verbal
recoding took place under normal circumstances. In a recent
related study, Zettersten and Lupyan (2020) found that more
nameable features improved rule-based category learning,
although they did not find that this nameability effect was
modulated by verbal interference.

In summary, it appears that language can aid cognition
by providing labels for better memory and faster categoriza-
tion, providing self-cues for self-control, task set reminders,
and verbal strategies for problem solution, and by lending
a medium for rehearsal or temporary storage of items in a
verbal format (as with complex mental arithmetic). Impor-
tantly, it is not only overtly verbal strategies that appear to be
interrupted by verbal interference but also more involuntary
or spontaneous processes. This suggests that language can
influence cognition beyond the surface level.

In what kinds of tasks does covert language not
affect performance?

The present review found little support for the on-line role of
covert language in various tasks relying on primarily visual
processing (the categories we named visual change, visu-
ospatial integration and wayfinding, and reasoning using
non-verbal materials). To reiterate, the hypotheses for why
language would be recruited for these tasks are that language
is either necessary for integrating different kinds of features
(e.g., color, shape, and locations) or that visuospatial stimuli
are encoded both visually and linguistically, meaning that
there is somehow weaker or more shallow processing if the
verbal encoding is blocked. Judging by failures to replicate
the results from Hermer-Vazquez et al. (1999), however,
neither the former nor the latter putative roles are strongly
supported. As for the other visually based tasks, the most
plausible explanation is that solving the tasks efficiently
requires participants to preserve a high degree of acuity with
regard to the visual stimuli (maps, complex shapes, etc.),
which rarely have nameability affordances. Thus, efficient
and effective processing of the stimuli does not lend itself to
a verbal code, and labelling specific aspects of the stimuli is
not beneficial. Interrupting verbal processing is therefore not
associated with a decrement in primary task performance.
The failure to find effects of verbal interference on perfor-
mance in theory-of-mind-type tasks is interesting, especially
as there is a large amount of evidence supporting the idea
that language and theory of mind are intimately linked in
development (Astington & Baird, 2005; Astington & Jen-
kins, 1999; Gagne & Coppola, 2017; Lohmann & Toma-
sello, 2003; Milligan et al., 2007; Pyers & Senghas, 2009;
Slade & Ruffman, 2005). However, there is also evidence
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from adults with global aphasia suggesting that their theory-
of-mind abilities are intact, which means that language and
theory of mind are possibly only co-dependent during devel-
opment (Siegal & Varley, 2006; Varley & Siegal, 2000). As
previously discussed, there are two main theories on how
language facilitates theory-of-mind development: either as
a representational format providing the structure for rep-
resenting mental states (i.e., sentential complements) or
through directing children’s attention to otherwise invisible
mental state dynamics. Because the present review focused
on adult participants, we cannot distinguish between these
two theories. These apparently conflicting findings (that lan-
guage and theory of mind appear to be linked in develop-
ment but not in adult cognition) can potentially be resolved
either by (a) language is recruited only for development and
thus ceases to be necessary once theory of mind skills are
acquired, or (b) the involvement of language and theory of
mind has become so automatic and proceduralized in adults
that verbal interference cannot affect it.

In some interesting cases, there was a specific effect of
verbal interference, but this effect was not in the direction
we expected. It is important to discuss these cases as it is
often assumed that if language is recruited for cognition, this
will always be in a facilitative way (Dove, 2020; Dove et al.,
2020). In the memory studies, for example, verbal interfer-
ence in several cases caused recognition memory to decrease
while actually causing mental transformation performance
to increase (Brandimonte et al., 1992a, b; Hitch et al., 1995;
Pelizzon et al., 1999). The authors of these studies inter-
pret this as meaning that we usually encode things to be
remembered verbally but that encoding in this more abstract
format actually makes visual encoding less detailed and thus
less available for further manipulations. In a similar vein,
verbal overshadowing research indicates that forcing verbal
encoding of visual stimuli can cause memory performance
to deteriorate (Alogna et al., 2014; Lane & Schooler, 2004;
Schooler & Engstler-Schooler, 1990). In some additional
cases, verbal interference also caused primary task process-
ing to be faster (Evans & Brooks, 1981; Forgeot d’Arc &
Ramus, 2011; Phillips, 1999), perhaps indicating that con-
verting to a verbal code under normal circumstances takes
time. It is also possible that verbal interference makes par-
ticipants more likely to give their initial dominant response,
which can cause more errors but faster responses.

It is important to note that a null result in a verbal inter-
ference experiment does not necessarily mean that lan-
guage is in no way involved with that process. It is possible
that language still affects the process but off-line, as, for
example, discussed with regard to theory of mind where
language looks to be involved during development, but
not in on-line processing in adults. It is also possible that
language is involved on-line but immune to verbal inter-
ference, for instance because its involvement has become
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so proceduralized and automatic that it can no longer be
disrupted by superficial linguistic interference. This latter
possibility is discussed in more detail by Wolff and Holmes
(2011), who stated that “the long-term use of a language
may direct habitual attention to specific properties of the
world, even in nonlinguistic contexts. At a more general
level, language use may also induce a given mode of pro-
cessing, which may persist even as people engage in other
nonlinguistic tasks ... these effects of ‘thinking after lan-
guage’ should be less attenuated by verbal interference tasks,
since they occur after language is no longer in use, rather
than involving the recruitment of linguistic codes during
processing.” (p. 259)

Choosing the interference task

It is a common problem that the different interference
tasks are not matched in terms of general difficulty. One
approach to this, taken by, for example, Lupyan (2009) and
Hermer-Vazquez et al. (1999), is to check that the verbal
and non-verbal interference tasks disrupt a third concurrent
task to the same extent. This could for example be a visual
search task. This approach is problematic, however, in that it
glosses over the fact that the verbal and non-verbal compo-
nents might also be differentially involved in this third con-
current task. It is difficult to choose a third concurrent task
to validate the equivalence of the interference tasks because
the literature is so divided on which tasks involve covert
language and which do not. Another approach is to find a
verbal and a non-verbal interference task that are in theory
equivalent in every respect but their “verbality” (Perry &
Lupyan, 2013), including performance. This approach faces
challenges because tasks that are equivalent in everything
but their verbality may yet place different demands on atten-
tion and executive function. Ideally, the tasks should at least
be equated as separate single tasks in terms of their dif-
ficulty, and performance should neither be at ceiling nor
at floor. This would make it possible to analyze potential
trade-off effects with the primary task.

As we have seen, there are four types of verbal inter-
ference that have been used: syllable repetition, verbal
memory, verbal shadowing, and judgment tasks. Only too
rarely have the different interference tasks been directly
compared, even though they might yield different predic-
tions depending on which aspect of language (rehearsal,
syntactic structure, verbal labels) you hypothesize is
involved in the primary task you are investigating. Bek
et al. (2009, 2013) directly compared syllable shadowing
and prose shadowing, which should intuitively be different
in terms of which components of language are involved.
After all, syllable repetition uses less “language” than
prose shadowing (semantics, syntax, morphology, etc.),
which is precisely why syllable repetition is so widely

used in working memory studies. In these experiments,
there was no difference between shadowing syllables and
shadowing prose. If anything, shadowing syllables resulted
in a marginally more detrimental effect on visuospatial
reorientation. A possible explanation may be that syllable
shadowing lacks the predictability of prose shadowing and
thus actually requires more cognitive resources.

Current forms of verbal interference (see above) are
not well suited for distinguishing which components of
language are most involved in performance on the primary
task. Comparing interference involving task-relevant ver-
sus task-irrelevant words (Piccardi et al., 2020; Roberson
& Davidoff, 2000) offers some, albeit limited, insights. A
promising avenue for future research would be to compare
manipulations designed to increase language involvement
(e.g., as in Forder & Lupyan, 2019; Lupyan, 2008; Lupyan
& Swingley, 2012) with conditions suppressing language
involvement (e.g., as was done by Souza & Skoéra, 2017).
Once verbal interference has indicated that language
in some form may be involved, up-regulating language
involvement would be better suited to targeting specific
hypotheses about components of language involved. We
see this for example in findings indicating that the way
language helps task switching is by helping to cue the
relevant task rule (Goschke, 2000; Grange, 2013; Kirkham
et al., 2012). Without additional task manipulations sup-
plementing the dual-task interference, we would not have
much indication as to how language helps task switch-
ing performance. Another example of up-regulating lan-
guage shedding light on the specific ways language may
be involved comes from the sport psychology literature
where self-talk interventions (up-regulating language)
are much more common than dual-task interference
studies (Hatzigeorgiadis et al., 2011; Tod et al., 2011).
Here, participants are often trained to use different types
of self-directed verbalizations (instructional vs. motiva-
tional, positive vs. negative, etc.), which result in differ-
ent effects on performance depending on the participant’s
skill level (Zourbanos et al., 2013), the motor demands
of the sport (Theodorakis et al., 2000), and whether the
self-talk takes place in a competition or practice context
(Hatzigeorgiadis et al., 2014). In addition to focusing on
the content of internal verbalizations, it is also important
to understand the stage at which interfering with language
affects performance, for example, during memory encod-
ing, retrieval, or both (Frank et al., 2012; Nakabayashi &
Burton, 2008). This may help tease apart effects of verbal
encoding (nameability effects in memory, verbal over-
shadowing) and “mental workspace” functions (using the
phonological loop to keep track of carry or borrow opera-
tions, keeping track of the relevant task rule). Future stud-
ies would benefit from clarifying their predictions about
language involvement in this way.
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Summary of suggestions for future studies
Future studies should follow these recommendations:

1. Include control conditions of both the primary and the
secondary tasks.

2. Make theoretically informed and hypothesis-driven
choices about the type of interference task and/or
directly compare effects of different types.

3. Ensure that the different interference tasks are matched
in terms of difficulty/attentional demands by measuring
performance.

4. Consider potential trade-offs between effort/resources
put into the primary tasks and the secondary tasks.

5. Delineate the precise mechanisms by which language is
expected to help cognition.

Conclusion

It appears that language — including inner speech — is a
powerful tool for directing attention, improving memory,
and controlling actions. These three processes, however,
are intimately connected. For example, paying attention to
specific aspects or properties of something makes it more
likely that you will remember it later, and remembering how
you acted in a past situations can (and should) influence
what you attend to and how you act in the current situa-
tion. We reviewed 101 studies investigating the on-line role
of language in some cognitive function using a dual-task
interference methodology. Overall, we found that it is likely
the case that covert language is recruited for behavioral self-
cuing (inhibitory control, task set reminders, verbal strat-
egy), rehearsal for memory when items to be remembered
have readily available labels, and as a workspace for com-
plex mental arithmetic. We found less evidence for a role of
on-line language use in cross-modal integration, reasoning
that relies on a high degree of visual detail (such as map
tasks, visual recursion tasks, and some matrix problems),
and theory of mind. It is important to note that we only
examined one way of investigating the role of language in
cognition and that other patterns of effects may appear with
the use of different approaches. Interestingly, we found that
recruiting language for non-verbal tasks is not always purely
advantageous, but may present costs in term of processing
speed, loss of visual detail, and verbal overshadowing.
Future studies should include relevant control conditions
for both primary and secondary tasks, make informed and
justified decisions about the interference tasks, ensure that
the interference tasks are appropriately matched, and delin-
eate the precise mechanisms by which covert language is
expected to help cognition in the on-line processing of a
given primary task.
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