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Verbal instructions as selection bias that modulates visual selection
Yevhen Damanskyy

Department of Psychology, UiT, The Arctic University of Norway, Tromso, Norway

ABSTRACT
Research has shown that in addition to top-down and bottom-up processes, biases produced by
the repetition priming effect and reward play a major role in visual selection. Action control
research argues that bidirectional effect-response associations underlie the repetition priming
effect and that such associations are also achievable through verbal instructions. This study
evaluated whether verbally induced effect-response instructions bias visual selective attention
in a visual search task in which these instructions were irrelevant. In two online experiments
(Exp.1, N = 100; Exp. 2, N = 100), participants memorized specific verbal instructions before
completing speeded visual-search classification tasks. In critical trials of the visual search task, a
priming stimulus specified in the verbal instructions matched the target stimulus (positive
priming). In addition, the design of Experiment 2 accounted for the repetition priming effect
caused by frequent appearance of the target object. Reaction time analysis showed that verbal
instructions inhibited visual search. Response error analysis showed that verbal effect-response
formed an effect-response association between verbally specified stimulus and response. The
results also showed that the target object’s frequent appearance strongly affected visual search.
The overall findings showed that verbal instructions extended the list of selection biases that
modulate visual selective attention.
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Given that people can only process limited infor-
mation at one time, they therefore need to selectively
focus their attention on a behaviourally relevant
scene or object. The predominant models of atten-
tional control describe selective attention in terms
of interplay between bottom-up and top-down pro-
cesses (Carrasco, 2011). These models provide rich
flexibility for exploring human attention from a
variety of perspectives and explain how attention
navigates actions and perception through the inter-
play of physical properties (colour, shape, location)
and the behavioural relevance of various objects.

While such a theoretical split into different pro-
cesses explains many aspects of selective attention,
an alternative framework argues that selective atten-
tion is also controlled by section biases that might
overcome the salience of either physical properties
or the behavioural relevance of stimuli (Awh et al.,
2012). For example, history-based selection or
reward associated with specific stimuli bias selective

attention, making it more sensitive to those stimuli
(e.g., Anderson et al., 2011b). A large body of research
provided evidence that past episodes of encounter-
ing and selecting specific objects bias attentional
selection through the repetition priming mechanism
(e.g., Logan, 1990; Theeuwes, 2018; Theeuwes &
Failing, 2020), arguing that such an influence on
attentional selection acts beyond top-down and
bottom-up processes.

Furthermore, research on action control argues
that associative learning underlies the repetition
priming effect (Henson et al., 2014; Soldan et al.,
2012). Specific actions with specific objects result in
the formation of bidirectional associations between
those actions and objects (stimulus-response and
response-effect associations; Elsner & Hommel, 2001;
Frings et al., 2020; Shin et al., 2010). This formation,
in turn, can serve as a unified priming mechanism
that navigates attentional focus toward previously
encountered stimuli (Hommel, 2005; Memelink &
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Hommel, 2013; Müsseler & Hommel, 1997). Moreover,
encountering that stimulus also triggers an associated
response with that stimulus. Therefore, the repetition
priming effect involves an interplay between percep-
tion and actions, and this interplay is based on the
associative learning principle (Soldan et al., 2012).

Parallel to action-control research, the last decade
has seen the rapid development of research on
verbal information and verbal action planning, and
their effect on behavioural control (Brass et al., 2017;
Liefooghe & De Houwer, 2018; Martiny-Huenger
et al., 2017; Meiran et al., 2015a; Meiran et al., 2015b).
These lines of research investigate how verbal instruc-
tions formulated in a stimulus-response (Liefooghe
et al., 2012; Liefooghe et al., 2018), response-effect
(Theeuwes et al., 2015), or effect-response (Damanskyy
et al., 2022) manner influence cognitive control.
Despite growing evidence that verbal instructions, for-
mulated in a stimulus-response manner, are highly
important to action control, little is known about
whether verbal instructions serve as a selection bias.
Studying how verbal instructions modulate selective
attention can provide valuable insights into the topic
of selection biases. This study investigates whether
verbal instructions formulated in an effect-response
manner affect visual selective attention.

Selective attention

Selective attention is the ability to select specific
stimuli, select behavioural responses, access particular
memories, or navigate behaviourally relevant thoughts
at a given moment (Maurizio, 1998). Human percep-
tion is continuously exposed to complex input from
surroundings targeting the five perceptual domains
of sight, hearing, smell, touch, and taste. Visual selec-
tive attention is one of the central topics in research
on perception because it provides a rich experimental
flexibility that allows scholars to investigate attention
across multiple visual domains (e.g., colour, shape,
location; Carrasco, 2011). On a conceptual level,
visual selective attention operates by representations
of a priority map (Awh et al., 2012; Theeuwes, 2013,
2018; Treisman & Gelade, 1980) and integrates three
sources of influence: current goal (top-down), physical
salience (bottom-up), and selection history.

Bottom-up attention is based on the basic salient
visual features of a stimulus (e.g., orientation, colour,
motion, size). Research from this perspective focuses

mainly on a feature singleton (Yantis & Egeth, 1999),
which implies that when a presented stimulus is
locally unique in one visual dimension (colour,
shape, orientation, or size), it attracts focus toward
the self. Numerous studies (for a review see Carrasco,
2011) have demonstrated that a unique salient
feature in the visual field can capture human focus
independently of the task at hand (e.g., a red flower
on a green background, a light point in the dark).

Whereas the bottom-up process is often called
stimulus-driven, the top-down process entails task-
driven factors that shape and navigate perception
(Theeuwes, 2018). Yarbus’ (1967) classic study demon-
strated an example of the top-down guidance of selec-
tive attention. Participants viewed a family room scene
and had to answer specific questions about that scene.
Participants’ attentional focus varied depending on the
specific task they were asked to perform. For example,
the eye saccades of participants whose task was to
identify the people’s ages differed from the saccades
of both those whose task was to remember object
locations and those who had no particular task.
These differences indicated that task-relevant factors
navigated selective attention.

While many studies have explained selective atten-
tion solely from bottom-up and top-down perspec-
tives, Awh et al. (2012) proposed an integrative
framework specifying a modified taxonomy of atten-
tional control. According to this model, three sources
of attentional control contribute to the priority map
that guides selective attention: current goal, physical
salience, and selection history. The concept of selection
history adds two additional sources of influence on the
priority map. The underlying notion is that attention is
often driven by neither salient stimuli nor the goal of
an observer. Indeed, in many cases, attention guidance
is biased by a reward associated with specific stimuli
(Anderson et al., 2011a; Anderson & Yantis, 2013;
Bucker & Theeuwes, 2014; Failing & Theeuwes, 2015;
Failing & Theeuwes, 2016; Libera & Chelazzi, 2006) or
by previous history-based selection in terms of the rep-
etition priming effect (Theeuwes & Van der Burg, 2011,
2013; for a review see, Kristjánsson & Campana, 2010;
Lamy & Kristjansson, 2013).

Repetition priming from verbal instructions

Repetition priming is a change in the reaction time or
response accuracy to a stimulus due to prior
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presentation of the same stimulus (Henson et al.,
2014; Logan, 1990). Encountering the same stimulus
and performing the same response is sufficient for
automatic stimulus-response associations to emerge,
meaning that the repetition priming effect involves
associative learning (Henson et al., 2014; Soldan
et al., 2012). In addition, a large body of research
demonstrated that stimulus-response associations
are bidirectional (Elsner & Hommel, 2001).

Bidirectionality implies that associative learning
also emerges from response-effect associations in
which a stimulus serves as an effect of a particular
response. For example, participants may perceive
that a particular response (left keypress) leads to a
playback of a specific sound (high or low pitch). A
temporal overlap between such a response and its
effect results in the formation of bidirectional
response-effect association. When the participants
hear the same sound again, they effortlessly and auto-
matically retrieve a previously formed response-effect
association that provides a faster and more direct
route of responding (e.g., Elsner & Hommel, 2001).

However, a growing interest in research on verbal
instructions has demonstrated that verbally induced
priming can also form stimulus-response associations
linking perception and actions. The empirical evi-
dence comes primarily from two different research
directions: instruction-based research and implemen-
tation intentions. Within instructions-based research,
verbal instructions are treated as a simple form of
stimulus-response mappings (e.g., “if cat press left; if
dog, press right”) that have an immediate effect.
Such mappings are translated into procedural rep-
resentations in working memory, enabling their
execution through reflexive behaviour (Brass et al.,
2017; Liefooghe et al., 2012; Meiran et al., 2012;
Meiran et al., 2015a; Van ‘t Wout et al., 2013).
However, several studies emphasize that the effect
of verbal instructions also relies on representations
in long-term memory (Liefooghe & De Houwer,
2018; Pfeuffer et al., 2017).

In contrast, implementation intentions research
emphasizes a specific verbal action plan (e.g., “If I
pass a supermarket, I will buy bread”) as a critical com-
ponent of action planning, and participants are asked
to repeat this plan several times to ensure encoding
and remembering (Gollwitzer & Sheeran, 2006).
Such planning creates the direct perception-action
link between the anticipated situation (critical cue)

and the intended behaviour (e.g., passing a supermar-
ket serves as a critical cue that automatically triggers
the planned action of buying bread). The execution of
such a plan does not require conscious involvement.
As soon as the individual encounters that cue, it trig-
gers a specific behaviour linked to it. The theory of
implementation intentions suggests that such verbal
planning can serve as an alternative path to the stra-
tegic automaticity of action control (Gollwitzer, 1999;
Gollwitzer, 2014) and that the effect of this action
planning may be observed over days or even weeks
(Conner & Higgins, 2010; Papies et al., 2009).

While both implementation intention and instruc-
tion-based research provided empirical evidence
that verbally induced stimulus-response associations
influence response selection and retrieval, an open
question remains as to whether these associations
influence selective attention. Several studies using
visual search tasks found that while using verbal
cues influences visual selective attention, this
influence is not as effective as using specific visual
cues (Knapp & Abrams, 2012; Schmidt & Zelinsky,
2009; Wolfe et al., 2004).

However, these studies within the visual search
paradigm used verbal primes as simple textual cues,
with participants aware that these textual cues were
relevant for an upcoming task. Furthermore, these
studies did not formulate textual cues in sentence
instruction or action plans formulated in a stimulus-
response format. In contrast, research on verbal
instructions argues that verbal instructions can have
an unintentional priming effect in tasks in which
those instructions are irrelevant, especially when par-
ticipants are asked to form an intention to execute
given priming instructions (Sheeran et al., 2005).

The present experiments

This study investigated whether verbally induced
stimulus-response associations affect visual selective
attention as a selection bias in the facilitation para-
digm. In Awh et al.’s (2012) framework, the effect of
selection biases can either facilitate the top-down or
bottom-up processes or work in opposition to them.
Thus, if verbal instructions act as a selection bias,
the effect of that bias should be observable through
one of those characteristics.

The general design of these present experiments
involved prime-probe phases similar to those of
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other studies of implementation intention and
instruction-based research (Liefooghe & De Houwer,
2018; Martiny-Huenger et al., 2017). In the prime
phase, participants formed a specific verbal action
plan with specific stimulus-response associations.
The probe phase involved probe trials to evaluate
whether previously verbally induced associations
influenced participants’ selective attention and
behavioural responses in a subsequent, two-alterna-
tive forced-choice task (2AFC). In this task, partici-
pants categorized a target stimulus as either a fruit
or a vegetable. To evaluate whether verbally
induced associations modulate visual selective atten-
tion, the 2AFC task was embodied in a visual search
task with the additional objective of finding a target
stimulus among distractors (Wolfe, 1994).

In the present experiments, a stimulus that was
specified in the verbal instructions matched one of
the target stimuli in the 2AFC visual search task (facili-
tation paradigm; Logan, 1990). If the verbal instruc-
tions prime visual selective attention, then the
participants’ performance – upon encountering a
critical stimulus from the prime phase – would
result in faster and more accurate responses than
their responses to target stimuli. Moreover, according
to the stimulus-response priming principle (Henson
et al., 2014), encountering a stimulus associated
with a specific response should also lead to uninten-
tional retrieval of that response. Therefore, in a com-
patible condition in which required and retrieved
responses matched (left-left; right-right), I expected
faster and more accurate responses than from an
incompatible condition containing a reversed
pattern (left-right; right-left).

In the present study, all target and distractor
stimuli represented different real objects. Although
a common procedure within the visual search para-
digm involves using a feature singleton in which
target and distractor stimuli differ on one or a few
dimensions (e.g., colour, shape, size; Yantis &
Egeth, 1999), using real objects is not new in these
types of tasks (Bravo & Farid, 2004; Ehinger et al.,
2009; Fletcher-Watson et al., 2008; Schmidt &
Zelinsky, 2009; Yang & Zelinsky, 2009). Moreover,
Bravo and Farid (2004) pointed out that using
different object categories from real life as targets
or distractor stimuli can provide certain advantages
for visual search tasks. First, real objects allow
researchers to avoid high artificial stimuli; second,

real objects have more practical applications and
bring the situation closer to real life (i.e., ecological
validity; Orne, 2002).

In addition, several types of verbal instruction for-
mulations appear in the research on verbal instruc-
tions: stimulus-response (Martiny-Huenger et al.,
2017), response-effect (Theeuwes et al., 2015), and
effect-response (Damanskyy et al., 2022). The effect-
response is an action-effect modification of the stimu-
lus-response formulation. Damanskyy et al. (2022)
found that the effect-response formulation does not
diminish the effectiveness of stimulus-response
associations. Conversely, such formulation provides
more flexibility to formulate an instruction sentence.
Therefore, in the present study, I formulated the
verbal instructions in an effect-response manner
(e.g., “to make an apple appear on the screen, I
need to press the left key”) in which a critical stimulus
(i.e., apple) was formulated as the effect of a response
(i.e., “I need to press the left key”).

Experiment 1

Methods

Participants
To determine the minimum sample size given d = 0.2,
I ran a simulation analysis in R (R Core Team, 2021)
using the Simr package (Green et al., 2016).1 The
results yielded 100 English-speaking participants in
the first experiment (64 females, 30 males, and six par-
ticipants who did not specify their gender). After the
data cleaning described in the following “Data Prep-
aration” subsection, the analyzed sample included
88 participants. Overall, the participants’ ages
ranged from 30 to 45 years (M= 35.8, SD = 4.46). All
participants were recruited through the recruiting
portal Prolific and received monetary compensation
for their participation. The local Ethics Committee of
the Arctic University of Norway approved the study,
and all participants provided informed consent prior
to the experimental procedures.

Materials
The experiment was programmed with PsychoPy
v.2020.2.1 (Peirce et al., 2019) and uploaded to Pavlo-
via.org, thereby allowing online participation. All par-
ticipants received a link to the experiment via Prolific,
allowing them to participate remotely. The recruiting
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portal only allowed participation with a desktop com-
puter or laptop with a keyboard.

Design
The experiment followed a 2 (prime: critical vs.
control) by 2 (compatibility: compatible vs. incompati-
ble) mixed design. Prime was a within-subject factor
that specified whether a target stimulus in the visual
search task represented a priming stimulus from the
verbal instructions sentence (apple; critical trials) or
control stimuli (all other fruits and vegetables;
control trials).

Figure 1 illustrates all target stimuli. Compatibility
was a between-subject factor that specified whether
the associated response with a priming stimulus
from the verbal instructions sentencematched or mis-
matched the instructed response for the 2AFC visual
search task (“apple”-left/right, fruits-left/right).

Procedure
Prime Phase. Participants saw a critical verbal instruc-
tion formulated in an effect-response manner: “To
make an apple appear on the screen, I need to
press the left/right key.” No time frame restricted par-
ticipants when memorizing the priming sentence.
Prior to the prime phase, participants were clearly
instructed that any reference to “left” or “right”
meant the “A” or “L” key, respectively. Response spe-
cification (press left vs. press right) was randomly
counterbalanced. Participants were asked to remem-
ber these instructions because they would have to
apply them during the final part of the experiment.
Appendix B presents all the instructions that the par-
ticipants saw.

Probe Phase. All probe trials had the same
between-trial interval (“+”) of 500 ms. Afterward, a
6 × 4 grid showed the participants 24 figures for
3000 ms. The locations of all 24 stimuli changed ran-
domly in each trial. In each trial, one of those 24
stimuli was a target stimulus. For each control stimu-
lus, the critical stimulus appeared in a proportion of
3:1 (approximately 2000 critical trials versus 500
trials for each control stimulus). In total, participants
worked through 96 probe trials. The participants’
task was to find – as quickly and accurately as possible
– a target stimulus and categorize it as a fruit or veg-
etable by pressing either the left (“A”) or right (“L”)
key, respectively (keypress conditions were counter-
balanced). Six different fruits and six different

vegetables represented target stimuli, including the
priming stimulus (“apple”). The other 23 objects
belonged to different categories. Before the probe
phase, participants performed 10 practice trials
without the priming stimulus (“apple”). Figure 2 pro-
vides a schematic presentation of the prime and
probe phases.

At the end of the experiment, after completing all
trials in the visual search task, participants performed
a simple one-trial task. They had to press a corre-
sponding key that would lead to the appearance of
an “apple” on the screen as specified in the priming
instructions during the prime phase. I created this
task solely to avoid participant deception in the
prime phase. Therefore, this task was not included
in statistical analyses.2

Data preparation

I used the R software package to prepare and analyze
the data (R Core Team, 2021). I excluded three partici-
pants whose ages fell outside of the predetermined
criteria (i.e., younger than 30 years or older than 45
years). I removed one outlier whose responses
included greater than 25% incorrect keypresses (not
“A” or “L”) during the test phase. Eight-point-four
percent of critical trials were removed to account for
potential intra-trial priming effect (Lamy & Kristjans-
son, 2013). Other participants’ incorrect keypresses
were also excluded (3.45% data lost). Participants
missed the response deadline in only 0.07% of trials.
After I applied the boxplot method (Tukey, 1977), I
excluded eight participants due to an excessive
amount of response errors (more than 10%). Response
error analysis included data with 6956 observations.

To evaluate whether a specific target control stimu-
lus caused a deviation in participants’ response times
and response errors compared to their responses to
the other control stimuli, I applied the boxplot
method (Tukey, 1977). This method was applied sep-
arately for response times and response errors. The
boxplot analysis of the response errors revealed that
the “onion” (bottom-right stimulus in Figure 1)
caused an excessive amount of response errors (9%
compared to the upper whisker boundary of 4.44%).
Therefore, I removed this stimulus from the analysis.
The remainder of the response errors that the other
control stimuli produced fell within the interquartile
range (2.79% – 4.44%).
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Prior to the response time analysis, all response errors
were excluded from thedata (3.45%data lost). Individual
response times beyond themean ± 2.5 SD, calculated by
participant and within-participant conditions, were also
excluded (1.52% data lost). The response time variable
was log-transformed to handle skewness (Judd et al.,
1995). Boxplot analysis revealed that response times to
the “onion” (1671 ms) and “potato”(1464 ms) deviated
from the overall interquartile range (1242–1389 ms).
Therefore, these two stimuli (Figure 1)were not included
in the analysis. The final response time analysis included
data with 6266 observations.

Data analysis

To apply and analyze the mixed models, I used the
lme4, lmerTest, and Emmeans packages (Douglas
et al., 2015; Kuznetsova et al., 2017). I calculated all
confidence intervals in the result sections using boot-
strap statistics with 1,000 simulations (Efron &

Tibshirani, 1993). The statistical model also included
an intercept of the participants as a random factor
accounting for by-participant variability. To account
for variability in the target stimuli, the model also
included the intercept of the visual identity of the
target stimuli as a random factor. The regression
analysis treated two main factors as dummy variables.
The final models for reaction times and response
errors were specified as follows:

Outcome = prime∗compatibility + (1 participants)

+ (1 stimulus identity)

Results and discussion

Reaction time

Random Factors. The effect of response times as a
function of prime and compatibility varied in inter-
cepts across participants (SD = 0.09, χ2(1) = 349.3, p
< .001), indicating significant by-participant variation
around the average intercept. The effect of response
times as a function of prime and compatibility varied
in intercepts across stimulus identity (SD = 0.02, χ2
(1) = 5.2, p = .002), indicating significant by-stimulus
identity variation around the average intercept.

Fixed Factors. The two-way interaction term
between prime and compatibility was not significant

Figure 1. Target Stimuli. Note. An illustration of all target stimuli from Experiment 1 and 2.

Figure 2. The Prime and Probe Phases Note. The prime phase
included a single presentation of a critical verbal action-effect
sentence without any deadline. After the prime phase, partici-
pants performed a visual search task (96 trials). During the
probe phase, the participants’ task was to find either a fruit or
a vegetable and press the “A” or “L” key, respectively. In one-
third of the trials, the target stimulus was an apple (priming
stimulus from the prime phase). The location of all figures
changed randomly in each trial, and there was only one target
stimulus among the distractors.

Table 1. Descriptive Statistics of the Response Time Test Phase
and Response Errors.

Trial Type Condition

Reaction Time
(ms)

Response
Errors (%)

M SD M SD

Critical Compatible 1239 456 2.73 16.3
Control Compatible 1291 483 3.33 17.9
Critical Incompatible 1309 513 2.40 15.3
Control Incompatible 1316 479 3.84 19.2

6 Y. DAMANSKYY



(b =−0.01, 95% CI [−0.06, 0.01], p = .162), indicating
that the difference between critical and control trials
did not differ between compatible and incompatible
groups. In the compatible group, the difference
between critical and control trials was not significant
(b =−0.04, 95% CI [−0.00, 0.90], p = .115). In the
incompatible group, the same difference between
critical and control trials was also not significant (b =
−0.01, 95% CI [−0.03, 0.06], p = .495). In contrast, a
between-subject comparison revealed a significant
difference between the critical trials in the compatible
and incompatible groups (b = 0.04, 95% CI [−0.00,
0.10], p = .073), showing that participants responded
to the critical priming stimulus faster in the compati-
ble group than participants in the incompatible group.

The significant difference between the compatible
and incompatible groups indicates the presence of
the instruction-compatible effect caused not only by
the priming stimulus but also by the priming
response, as participants responded faster to the
priming stimulus (apple) when the required response
matched the priming response (left-left; right-right).
In contrast, participants responded more slowly to
the same priming stimulus when the required
response in the visual search task did not match the
priming response from the priming action-effect sen-
tence (left-right; right-left). Figure 3A illustrates this
regression model. Appendix A1 presents a table
with all fixed factor results.

Response error

Random Factors. The effect of response errors as a
function of prime and compatibility varied in inter-
cepts across participants (SD = 0.42, χ2(1) = 7.4, p
= .006), indicating significant by-participant variation
around the average intercept. As the effect of response
errors as a function of the prime and compatibility did
not vary in intercepts across stimulus identity (SD =
0.00, χ2(1) = 0.0, p = .1), the final model did not
include target object identity as a random factor.

Fixed Factors. The two-way interaction between
prime and compatibility was also not significant (b
= 0.28, 95% CI [−3.46, 0.98], p = .365), indicating that
the difference between critical and control trials did
not differ between compatible and incompatible
groups. In the compatible group, participants’
responses were not significantly more accurate in
critical trials than in control trials (b = 0.20, 95% CI

[−2.29, 0.66], p = .368). In the incompatible group,
participants’ responses were significantly more accu-
rate in critical trials than in control trials (b = 0.53,
95% CI [0.06, 0.94], p = .002). These results indicate
that participants responded more accurately when
the priming stimulus from the verbal instructions
matched the target stimulus in the visual search
task. These results did not indicate that the associated
response with the priming stimulus influenced partici-
pants’ accuracy.

The between-subject comparison did not reveal
any significant difference in the critical trials
between the compatible and incompatible groups
(b = 0.13, 95% CI [−7.68, 0.42], p = .638), showing
that the associated response with the priming stimu-
lus did not affect the participants’ accuracy. Figure 3B
illustrates this regression model, and Appendix A2
presents a table with all fixed factor results.

Discussion

Experiment 1 demonstrated that the verbal action-
effect priming sentence influenced participants’ per-
formance in the visual search task. Although partici-
pants did not respond faster in critical trials than in
control trials in either group, the between-subject
comparison showed that participants in the compati-
ble group responded significantly faster to the
priming stimulus. Response error analysis provided
no statistical evidence that the priming verbal
action-effect sentence influenced participants’ accu-
racy. Participant accuracy in the critical trials did not
significantly differ between the two groups. The
only significant difference in the incompatible group
between the critical and control trials was that partici-
pants responded significantly more accurately in the
critical trials. This pattern of findings is contrary to
what this paper initially hypothesized (i.e., that partici-
pants’ responses in the critical trials would be less
accurate than their responses in the control trials).

One possible alternative explanation exists for the
results for the repetition priming effect of the critical
target stimulus. As this stimulus appeared more fre-
quently than any other control target stimulus, par-
ticipant familiarity with the target object may have
influenced their responses. The repetition priming
effect could have interfered with the effect from the
verbal instructions and distorted the overall results.
Therefore, Experiment 2 accounted for the potential
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influence of the repetition priming effect by separ-
ating the effect of the verbal instructions from the
repetition priming effect.

Experiment 2

Despite the significant findings in Experiment 1, the
design of this experiment did not account for the
potential influence of familiarity on the target object
(Hout & Goldinger, 2010) that can appear during the
probe phase. The familiarity effect implies that partici-
pants’ response times and accuracy gradually improve
due to multiple repetitions of the target stimuli. This
concept shares the core idea of the repetition
priming effect (Logan, 1990), which states thatmultiple
repetitions of the same stimuli cause a priming effect.

In many behavioural studies evaluating the rep-
etition priming effect, the priming occurs during a
priming phase, and the successive evaluation of that
effect occurs during a probe phase (e.g., Eder &
Dignath, 2017; Hommel, 2009; Hommel & Hommel,
2004). However, an unequal number of stimuli appear-
ing during the probe phase can cause the same rep-
etition priming effect to emerge passively, thereby
diminishing the overall results. Although in Exper-
iment 1 the critical stimulus appeared in a proportion

of 3:1 to the control stimuli, the appearance of an
unequal proportion of stimuli could have caused the
repetition priming effect during the probe phase
and distorted the effect of the verbal instructions.

Therefore, Experiment 2 repeated Experiment 1
with an adjustment to account for the possible
passive repetition priming effect. The critical stimulus
from the verbal priming phase remained the same as
in Experiment 1 (i.e., apple). However, it appeared an
equal number of times as each of the other control
stimuli. Furthermore, one of the control stimuli
appeared three times more often than all of the
other stimuli (i.e., repetition priming). This allowed
me to evaluate specifically whether the repetition
priming effect can occur solely during the probephase.

Methods

Participants
I recruited the same sample size as in Experiment 1. A
total of 100 English-speaking participants participated
in the study (52 females, 42 males, and five partici-
pants who did not specify their gender). After the
data cleaning described in the “Data Preparation”
subsection, the analyzed sample included 90 partici-
pants. The participants’ ages ranged from 30 to 45

Figure 3. An Illustration of Mixed-Models Analysis Note. The plot illustrates the results from the linear mixed model (A) and gener-
alized linear mixed model (B), with confidence intervals derived from these regression analyses. The mean values on both graphs
represent marginally estimated means.
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years (M= 36.5, SD = 4.5). All participants were
recruited through the recruiting portal Prolific and
received monetary compensation for their partici-
pation. The local Ethics Committee of the Arctic Uni-
versity of Norway approved the study, and all
participants provided informed consent prior to the
experimental procedures.

Design
The experiment followed a 3 (prime: critical vs. control
vs. frequency) by 2 (compatibility: compatible vs.
incompatible) mixed design. Prime was a within-
subject factor that specified whether a target stimulus
in the visual search task represented a priming stimu-
lus from the verbal instructions sentence (apple; criti-
cal trials) or control stimuli (all other fruits and
vegetables; control trials), or repetition priming
(carrot; frequency trials). Compatibility was a
between-subject factor that specified whether the
associated response with a priming stimulus from
the verbal instructions sentence matched or did not
match the instructed response for the visual search
task (“apple”-left/right, fruits-left/right).

Prime and Probe Phases. The prime phase was
identical to that in Experiment 1, and the probe
phase was similar to that in Experiment 1 but with
certain adjustments to evaluate the repetition
priming effect. First, the number of target stimuli
was reduced to eight. As the boxplot analysis
showed in Experiment 1, two stimuli from the veg-
etable category deviated from the other stimuli in
terms of reaction times and response errors. There-
fore, I excluded these two stimuli from Experiment
2. I also removed two randomly chosen stimuli from
the fruit category (pineapple and strawberry). As in
Experiment 1, the apple was a critical target stimulus.

Second, I used the programme PsychoPy to choose
one random stimulus from the vegetable category to
be a frequency stimulus (carrot). The verbal priming
stimulus appeared an equal number of times as each
of the other control stimuli, and the frequency stimu-
lus appeared at a 3:1 proportion. The visual search task
was identical to the one in Experiment 1. The partici-
pants’ task was to find a target stimulus and identify
it as a fruit or vegetable as quickly as possible. Partici-
pants did not receive any information about frequency
stimulus. They were therefore unaware that this stimu-
lus would appear most often in the task.

Data preparation and data analysis

The second experiment involved the same data prep-
aration and data analysis procedures as those in the
Experiment 1. I excluded one participant from the
analysis whose ages fell outside sampling criteria
(younger than 30 or older than 45). I removed two
outliers who made more than 25% incorrect key-
presses (not “A” or “L”) during the probe phase.
Other participants’ incorrect responses were also
excluded (2.56% data lost). Participants missed the
response deadline in only 0.30% of trials. Application
of the boxplot method (Tukey, 1977) led to the exclu-
sion of seven participants due to an excessive amount
of response errors (more than 10%). Six-point-ninety
two percent of trials were excluded to account for
intra-trial priming (i.e., the same target stimulus
appears two or more times in a row) Response error
analysis included data with 8740 observations.

Before the response time analysis, all response
errors were excluded from the data (3.05% data
lost). Individual response times beyond the mean ±
2.5 SD, calculated by participant and within-partici-
pant conditions, were also excluded (1.92% data
lost). Response time analysis included data with
7722 observations. The final statistical model was
identical to that in Experiment 1:

Outcome = prime∗compatibility + (1 participants)

+ (1 stimulus identity)

Results and discussion

Reaction time

The effect of reaction time as a function of prime and
compatibility varied in intercepts across participants
(SD = 0.09, χ2(1) = 393.3, p < .001), indicating signifi-
cant by-participant variation around the average
intercept. The effect of response times as a function

Table 2. Descriptive Statistics of the Response Time Test Phase
and Response Errors.

Trial Type Condition

Reaction Time
(ms)

Response
Errors (%)

M SD M SD

Critical Compatible 1418 498 3.86 19.2
Control Compatible 1288 456 2.94 16.9
Frequency Compatible 1133 379 2.40 15.3
Critical Incompatible 1396 467 8.35 27.7
Control Incompatible 1323 458 3.26 17.7
Frequency Incompatible 1227 416 2.82 16.5
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of prime and compatibility varied in intercepts across
stimulus identity (SD = 0.02, χ2(1) = 26.6, p < .001),
indicating significant by-stimulus identity variation
around the average intercept.

The two-way interaction between prime and com-
patibility was significant (b = 0.04, 95% CI [0.01, 0.07],
p < .001), indicating that the difference between criti-
cal, control, and frequency trials in the compatible
group was different from the same difference in the
incompatible group. In the compatible group, partici-
pants’ responses were significantly slower in the criti-
cal trials than in the control trials (b = 0.09, 95% CI
[−0.15, – 0.03], p = .014). Participants’ responses
were also significantly slower in the critical trials
than in the frequency trials (b = 0.21, 95% CI [−0.29,
– 0.13], p < .001). Participants’ responses in the
control trials were also significantly slower than
their responses in the frequency trials (b = 0.11, 95%
CI [0.06, 0.18], p = .005). These results indicated that
the response times were fastest when the target
stimulus was the most-repeated stimulus in the
visual search task (i.e., repetition priming effect). The
results also showed that the verbal priming stimulus
had an inhibitory influence on response times.

In the incompatible group, the responses in the
critical and control trials were not significantly
different (b = 0.05, 95% CI [−0.12, – 0.01], p = .123). In
contrast, the response times in the frequency trials
were significantly faster than the response times in
the critical trials (b = 0.12, 95% CI [−0.21, – 0.04], p
= .013) and the response times in the control trials
(b =−0.07, 95% CI [0.00, 0.13], p = .050). These
findings indicated that the participants responded sig-
nificantly faster to the most-repeated target stimulus
than to the verbal priming stimulus or control stimuli.

In addition, the between-subject analysis revealed
that participants’ response times in the critical trials
did not significantly differ between the critical trials
in the compatible and incompatible groups (b =
−0.01, 95% CI [−0.07, 0.04], p = .689). Response
times in the control trials also did not differ
between the compatible and incompatible groups
(b =−0.02, 95% CI [−0.08, 0.05], p = .213). Finally, the
analysis revealed a significant difference in the
response times in the frequency trials between the
compatible and incompatible groups (b =−0.07,
95% CI [−0.12, – 0.02], p = .002). Figure 4 illustrates
this pattern of findings. Appendix A3 presents a
table with all of the fixed factor results.

Response errors

The effect of response errors as a function of the
prime and compatibility varied in intercepts across
participants (SD = 0.54, χ2(1) = 18.6, p < .001), indicat-
ing significant by-participant variation around the
average intercept. The effect of response errors as a
function of the prime and compatibility also did not
vary in intercepts across stimulus identity (SD = 0.00,
χ2(1) = 0, p = .99). Therefore, the final model did not
include stimulus identity as a random factor.

The overall two-way interaction between prime and
compatibility wasmarginally significant (b =−0.37, 95%
CI [−0.83, 0.06], p = .089), showing that the difference in
the critical, control, and frequency trials was significant
between the compatible and incompatible groups. In
the compatible group, the results showed no significant
difference between the critical and control trials (b =
0.28, 95% CI [−0.72, 0.33], p = .258). There was also no
significant difference between the frequency and
control trials (b = 0.21, 95% CI [−0.19, 0.68], p = .315).
The participants’ accuracy was only marginally signifi-
cantly different between the critical and frequency
trials (b = 0.49, 95% CI [−1.12, 0.14], p = .090).

In the incompatible group, the participants’ accu-
racy was significantly different between the critical
and control trials (b = 1.06, 95% CI [−1.54, – 0.60], p
< .001). The participants’ accuracy was also signifi-
cantly different between the critical and frequency
trials (b = 1.15, 95% CI [−1.75, – 0.54], p < .001).
However, the participants’ accuracy did not signifi-
cantly differ between the control and frequency
trials (b = 0.15, 95% CI [−0.41, 0.59], p = .532).

The between-subject comparison showed that par-
ticipants’ responses in the compatible group were sig-
nificantly more accurate in the critical trials than
participants’ responses in the incompatible group (b
= 0.84, 95% CI [0.20, 1.54], p = .008). In comparison,
participants’ accuracy did not significantly differ
between the control trials (b =−0.11, 95% CI [−0.45,
0.10], p = .561) and frequency trials (b =−0.17, 95%
CI [−0.45, 0.76], p = .599). Figure 4 illustrates this
pattern of findings. Appendix A4 presents a table
with all of the fixed factor results.

Discussion

In termsof reaction timeanalysis, the results showed that
participants responded faster to the frequency stimulus
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than to the critical and control stimuli. These findings
indicate that the most-repeated stimulus (carrot) in the
probe phase caused the repetition priming effect. Fur-
thermore, the results showed that the participants’
responses to the verbal priming stimulus (apple) were
slowest in comparison to their responses to the control
or frequency stimuli. These results contradict the
findings in Experiment 1 and highlight that the results
in Experiment 1 were caused by the repetition priming
effect that overrode the effect of verbal priming.

In terms of response errors, the results from Exper-
iment 2 indicate that the verbal action-effect sen-
tence formed an association between the priming
stimulus and the priming response, leading to
improved response accuracy in the critical trials in
the compatible group compared to the incompatible
group. These results replicate previous findings on
verbal instructions and indicate that verbal instruc-
tions formulated in an action-oriented manner (i.e.,
stimulus-response) function as a unified priming
mechanism (Muhle - Karbe et al., 2017)

General discussion

The present study investigated whether a verbal
priming action-effect sentence acts as a selection
bias that influences visual search. The main idea
behind the action-effect sentence was to evaluate

not only the perceptual aspect of verbal priming
but also the behavioural aspect through verbal
effect-response associations. Specifically, a priming
sentence formulated in an effect-response manner
should not only prime perceptual areas, making
them more sensitive to a specific stimulus; they
should also prime a particular response selection
associated with that stimulus, thereby acting as a
unified priming mechanism.

Overall, the results show that the verbal action-
effect sentence influenced visual search performance.
In terms of reaction time, the verbal instructions
decelerated participants’ responses. Participants’
responses were also slowed down in the compatible
condition when the target stimulus and response
direction required in the visual search task matched
the stimulus and response direction specified in the
priming action-effect sentence. In terms of response
errors, the priming action-effect sentence influenced
participants’ accuracy as a unified (i.e., stimulus-
response) priming mechanism, as the results in Exper-
iment 2 showed. Their accuracy was also significantly
improved in the compatible condition compared to
the incompatible condition. That supports the pre-
vious findings of (Damanskyy et al., 2022; Theeuwes
et al., 2015), which showed that a verbal priming
action-effect sentence forms an association between
verbally specified stimulus and response.

Figure 4. An Illustration of Mixed-Models Analysis Note. The plot illustrates the results from the linear mixed model (A) and gener-
alized linear mixed model (B), with confidence intervals derived from these models. The mean values on both graphs represent mar-
ginally estimated means.

VISUAL COGNITION 11



The repetition priming effect of the most frequent
stimulus

In addition to the verbal priming effect, the present
studies evaluated the repetition priming effect that
could appear in the probe phase due to one of the
target stimuli appearing most frequently. Repetition
priming implies that when participants encounter a
specific target object more often, their performance
gradually improves in relation to that object through-
out the visual search trials because the most-repeated
object primes the participants’ search template.
Within the visual search paradigm, this effect has
often been evaluated in studies on familiarity with
the target object (Hout & Goldinger, 2010).

The findings from Experiment 2 demonstrated that
repetition priming occurred when one of the control
stimuli appeared at a 3:1 proportion with the other
target stimuli. These results indicated that the rep-
etition priming effect can occur passively during the
probe phase, facilitating response times. Furthermore,
the results of Experiment 2 showed that the effect
found in Experiment 1 was caused by the repetition
priming effect rather than by the verbal priming sen-
tence. As participants’ responses were facilitated in
Experiment 1 and not inhibited as in Experiment 2,
this facilitation indicates that the effect of verbal
instructions (the inhibition of response times) was
modified by the repetition priming effect (the facili-
tation of responses). This supports the previous argu-
ments of (Huang et al., 2013) that proved that
learning based on verbal instructions is more
flexible to adaptation and changes than learning
based on the active repetition of the same behaviour.

The results in Experiment 2 show that the fre-
quency stimulus showed significant interaction with
compatibility. When participants’ responses to the
most-frequent stimulus matched with the response
specified in the verbal priming action-effect sentence,
participants’ response times were facilitated.
However, this pattern of compatibility was not
observed in the control condition in the two exper-
iments. These findings potentially indicate that the
part of a verbal priming sentence that specifies the
response direction (i.e., “left” or “right”) can have an
independent priming effect, regardless of whether
this part of the verbal priming sentence is syntacti-
cally connected to a specific stimulus. Consequen-
tially, when responses to the most-frequent stimulus

are habituated and become automatic, they might
be more inducive of an additional priming effect.
However, these findings require replication to vali-
date this point.

The inhibition of visual searches

Previous studies within the visual search paradigm
(Schmidt & Zelinsky, 2009; Wolfe et al., 2004) and the
implementation intention paradigm (Wieber & Sassen-
berg, 2006) argued that verbal information affects
visual selective attention. This effect has also been
observed within the facilitation paradigm (i.e., the
facilitation of visual searches; Knapp & Abrams, 2012;
Schmidt & Zelinsky, 2009). However, my findings
demonstrated that when verbal instructions are for-
mulated in an action-oriented manner (i.e., action-
effect) and are irrelevant to the visual search task, the
effect of these instructions can slow down the visual
search performance. Considering previous studies on
verbal instructions (Hartstra et al., 2012; Muhle -
Karbe et al., 2017; Van ‘t Wout et al., 2013), I suggest
two possible explanations for this inhibitory effect.

First, this inhibitory effect was related to variability
in the search templates that participants formed.
When participants comprehended the verbal action-
effect sentence, they retrieved the representation of
a critical stimulus (apple) from a long-term memory
that influenced their search template. Given that
each participant could have had different represen-
tations of the critical stimulus, high variability in the
search templates could have arisen among
participants.

Consequently, when participants encountered a
critical stimulus as a target object, their search tem-
plate could have had a different representation of
the target object, causing conflict between the
search templates and inhibiting their responses.
However, this idea does not explain the instruction-
compatibility effect within the response errors. If par-
ticipants formed different object representations of
the critical stimulus, then the associated response
should only have been associated with those
specific object representations and not lead to
better accuracy in the compatible condition than in
the incompatible condition. However, as the response
error analysis showed, participants’ accuracy was sig-
nificantly better in the compatible condition than in
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the incompatible one, highlighting the presence of
the instruction-compatibility effect.

Second, the deceleration of response times was
related to the relevance of the verbal priming sen-
tence. the studies of (Knapp & Abrams, 2012;
Schmidt & Zelinsky, 2009) participants were aware
that the verbal cues they received were relevant to
the upcoming visual search task. In contrast, in my
experiments, I explained to participants that the
verbal action-effect sentence was irrelevant to the
visual search task, but they needed to remember it
nonetheless, as they would have to apply it after
the visual search task. Therefore, when they encoun-
tered the verbal priming stimulus as a target stimulus
that could potentially cause a spontaneous memory
retrieval of the primed behavioural intention coded
in the verbal sentence, their responses were inhibited.

Research on implementation intention (for review,
see Chen et al., 2015) has suggested that when par-
ticipants form a verbal plan with the intention to
execute it in the future, the execution of that plan
will occur through a prospective memory mechanism
as spontaneous memory retrieval. For example,
Rummel et al. (2012) argued that when participants
encountered stimuli that were specified in a pre-
viously learned verbal action plan, they spon-
taneously retrieved the previously learned action
intention (i.e., prospective memory; McDaniel et al.,
2008), which may have interfered with the current
ongoing task. When participants encountered the
verbally specified stimulus (i.e., apple) in Experiment
2, their responses could have been decelerated, not
necessarily by the variability in the search templates
but by the spontaneous memory retrieval of the
action-effect sentence from the priming phase. This
could have interfered with the ongoing task and
caused delays in their response times.

Verbal instructions as selection bias

The results of Experiment 2 demonstrated how the
repetition priming effect biases selective attention.
When the same stimulus is encountered more often,
it biases selective attention unintentionally and auto-
matically, making participants’ search templates
being more sensitive to a specific stimulus and facili-
tating top-down attentional modulation (Grill-Spector
et al., 2006). The results of Experiment 2 also demon-
strate that the priming action-effect sentence

inhibited visual search performance. This inhibition
can also be considered an unintentional effect that
worked in opposition to top-down attentional
modulation.

Interpreting the present findings according to Awh
et al.’s (2012) framework, I suggest that verbal instruc-
tions fall under the category of selection bias. Notably,
however, verbal instructions can affect cognition in
different ways (Braem et al., 2017). As the present
study demonstrates, along with the findings of
(Knapp & Abrams, 2012; Schmidt & Zelinsky, 2009),
the effect of verbal primes is dependent on their rel-
evance to the task in which they are evaluated. In
addition, the underlying mechanisms of verbal
instructions differ from the priming mechanisms of
active behaviour in terms of flexibility to changes
(Huang et al., 2013) and the practice effect (Pfeuffer
et al., 2018). Therefore, exactly how verbal instructions
influence cognitive control is debatable (Blache, 2017)
because this question relates to how language influ-
ences cognition on a neural level (see Perlovsky &
Sakai, 2014; and Poeppel, 2012, for an extended
discussion).

Limitations and Future Directions

In the present study, the priming stimulus specified in
the verbal instructions remained constant throughout
the probe trials. Therefore, my findings do not answer
the question of whether participants encoded specific
features of the priming stimulus (apple) or an entire
specific representation thereof that was potentially
retrieved from long-term memory. Treisman and
Gelade (1980) argued that the priority map of atten-
tional focus does not necessarily encode an entire
representation of a specific stimulus but only
specific features thereof – that is, feature-based atten-
tion (for a review see Carrasco, 2011). Moreover, using
real objects as target stimuli, Yang and Zelinsky (2009)
demonstrated that visual searches are based on a cat-
egory-defined principle. Future studies can therefore
provide additional insight into this topic by manipu-
lating specific features of a priming stimulus (e.g.,
colour, size, shape) that can explain how a priority
map precisely encodes a priming stimulus that is
only presented verbally.

Although Experiment 1, and 2 demonstrated that
the modulation of visual selective attention was
achieved in a spatially independent manner, these

VISUAL COGNITION 13



results do not exclude the possibility that spatial
attention (Carrasco, 2011) does not affect visual
search. To account for the possible effect of spatial
attention, I randomly varied the location of the
stimuli in each trial. Nevertheless, spatial sensitivity
might be more relevant when a specific location is
involved in purposive behaviour (Moore & Zirnsak,
2017). Therefore, the precise answer to whether selec-
tion bias can also overcome the spatial dimension
requires an experimental procedure in which the
spatial dimension is systematically manipulated.

Conclusion

In this study, my findings showed that verbal instruc-
tions modulated visual selective attention. Although
the verbal instructions were irrelevant to the visual
search task, they unintentionally affected visual
search performance. I interpret these findings as evi-
dence that verbal instructions extend the list of selec-
tion biases. While selection biases based on history-
based selection have been studied primarily in behav-
ioural research, biases based on active behaviour
cannot explain all the flexibility that humans have
within their cognitive control. In the present
findings, I highlight the importance of language in
cognitive control and show how verbal instructions
interact with cognitive control.

Notes

1. The simulation power analysis was based on the follow-
ing statistical model: Outcome = prime * compatibility +
(1|participants). This model did not include stimulus
identity as a random factor. In contrast, the main
models in the present study include stimulus identity
as a random factor.

2. For a post-hoc exploratory analysis on a subgroup of
participants who answered correctly in the memory
task, see the supplementary materials available at:
https://osf.io/4w6k9/?view_only=b8b2208fd93b4d2299
eeaefc60238929
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Appendices

Appendix A
Table A1. The Results from the Reaction Time Analysis of the
Fixed Effects in Experiment 1.

Condition b SE p
Within-subject Compatibility = Compatible

Critical/Control
−0.04 0.02 .115

Compatibility = Incompatible
Critical/Control

−0.01 0.02 .495

Between-subject Trials = Critical
Compatible/Incompatible

−0.04 0.02 .073

Trials = Control
Compatible/Incompatible

−0.02 0.02 .386

Table A2. Results from the Response Error Analysis of the Fixed
Effects in Experiment 1.

Condition b SE p
Within-subject Compatibility = Compatible

Critical – Control
−0.20 0.22 .368

Compatibility = Incompatible
Critical – Control

−0.49 0.22 .027

Between-subject Trials = Critical
Compatible – Incompatible

−0.13 0.29 .638

Trials = Control
Compatible – Incompatible

−0.15 0.17 .389

Table A3. Results from the Reaction Time Analysis of the Fixed
Effects in Experiment 2.

Condition b SE p
Within-subject Compatibility = Compatible

Critical – Control 0.09 0.03 .014
Critical – Frequency 0.21 0.04 .000
Frequency – Control 0.11 0.03 .005
Compatibility = Incompatible
Critical/Control 0.05 0.03 .123
Critical – Frequency 0.12 0.04 .013
Frequency – Control 0.07 0.03 .050

Between-subject Trials = Critical
Compatible/Incompatible −0.01 0.03 .689
Trials = Control
Compatible/Incompatible −0.02 0.02 .213
Trials = Frequency
Compatible/Incompatible −0.07 0.02 .002

Table A4. Results from the Response Error Analysis of the Fixed
Effects in Experiment 2.

Condition b SE p
Within-subject Compatibility = Compatible

Critical – Control 0.32 0.25 .195
Critical – Frequency 0.49 0.29 .089
Frequency – Control 0.16 0.21 .449
Compatibility = Incompatible
Critical/Control 1.08 0.23 .000
Critical – Frequency 1.15 0.28 .000
Frequency – Control 0.06 0.25 .782

Between-subject Trials = Critical
Compatible/Incompatible −0.83 0.31 .008
Trials = Control

(Continued )
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Table A4. Continued.
Condition b SE p

Compatible/Incompatible −0.08 0.21 .703
Trials = Frequency
Compatible/Incompatible −0.17 0.30 .557

Appendix B

Slide 1
INFORMED CONSENT

Welcome to this study on concentration. We will ask you to
perform a simple attention speed categorization task. You will be pre-
sented with a series of different figures; your task will be to find a
specific figure among others and to press either the left (A) or right
(L) key on your keyboard. More detailed instructions follow the
informed consent information below.
VOLUNTARY PARTICIPATION

Your participation in this study is voluntary. You may leave the
study at any time without needing to provide a reason. If you
choose to leave before completing the study, your data will not be
stored.
CONFIDENTIALITY

The recorded data will only be used for scientific purposes. Partici-
pation in this study is anonymous. The only personal information col-
lected from you will be your age and gender. No additional participant
identifiers will be recorded, and none of the information collected can
be used to identify participants. As the data will be stored anon-
ymously, individual data cannot be made available on request.
CONTACT INFORMATION

If you have questions about this study, you may contact the lead
researcher Yevhen Damanskyy at yda002@uit.no.

Press the spacebar to continue (or close your browser if you do not
want to participate now).

By pressing the spacebar, I acknowledge that I have read and
understood these terms and conditions and agree to participate in
the study.

Press the spacebar to continue (or close your browser if you do not
want to participate now).

Slide 2
This study can only be completed using a traditional desktop PC or
laptop with a physical keyboard. If you are reading this on a tablet
or smartphone, you will need to switch to a personal computer and
restart the study.

IMPORTANT! If you are colourblind, unfortunately you will not be
able to complete the tasks correctly. In this case, we kindly ask you
not to participate in this study and just close your browser page.

To prepare for the task, please place your chair in a comfortable
position so that you can easily reach the keyboard with both hands.
You will be using the A and L keys. Please place your left and right
index fingers on the respective left (A) and right (L) keys and press
each key a few times to get a sense of how they work.

For further instructions, press the spacebar.

Slide 3
At the end of the experiment, you will be presented with a single task
with the following instructions.

Please read and memorize the following instructions:

TO MAKE AN APPLE APPEAR ON THE SCREEN,

I NEED TO PRESS THE LEFT (A) KEY.

It is important that you memorize the capitalized sentence above;
please repeat the sentence in your head a few times to make sure that
you have memorized it.

Press the spacebar to continue.

Slide 4
Please repeat the instruction sentence from the previous screen in your
head a few times.

Please also remember that “left” refers to the “A” key, and “right”
refers to the “L” key.

Press the spacebar when you are done.

Slide 5
Now check that you have memorized the instruction sentence
correctly:

TO MAKE AN APPLE APPEAR ON THE SCREEN,

I NEED TO PRESS THE LEFT (A) KEY.

Press the spacebar for more information.

Slide 6
Before performing the memory task, you will be asked to perform a
visual search task. You will be presented with a grid containing 24
different figures. (See the picture below for an example.) The locations
of these figures will be different each time. Among the 24 figures, there
will be either one fruit figure or one vegetable figure. Your task is to
find either the animal or flower (as fast as you can) and respond as
follows:

Vegetables – press the left key on your keyboard (A key)
Fruit – press the right key on your keyboard (L key)
Press the spacebar for more instructions.

Slide 7
The illustration below includes all of the possible types of fruit and veg-
etables that might be shown to you. Remember, only either one fruit or
one vegetable from these lists will appear (never both). The locations
of all figures will be different each time.

As a reminder:

If you find a vegetable, press the left key (A key).

If you find a fruit, press the right key (L key).

Press the spacebar for more instructions.

Slide 8
Next, you will complete 10 practice exercises to familiarize yourself
with the procedure.
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Please put your index fingers on the left (A) and right (L) keys on
your keyboard.

Please make sure that you will not be interrupted for the next 10 min.
Please concentrate, then press the spacebar to begin.

Slide 9
Thank you. You have now completed the practice exercises. The main
task will begin after these instructions.

Please note that you will now only have three seconds to respond
to each figure. In general, we will ask you to respond as quickly and
accurately as possible. If you make an error or respond too slowly,
an error message will appear. Take this error message as a sign that
you need to concentrate even harder to respond as quickly and accu-
rately as possible.

This part of the study will take around 5–7 min.
When you are ready, please find a comfortable position at your

computer and place your index fingers on the A and L keys.

Please concentrate, then press the spacebar to begin.

Slide 10
Thank you. You have completed the main categorization task. On the
next slide, we will ask you to perform an action that was specified in
the sentence at the beginning of the experiment.

Slide 11
Please press the corresponding key to make an apple appear on the
screen.

Slide 12
(Feedback to the participant)

Press the spacebar to continue.

Final slide
You have now completed all tasks.

Feedback messages
If participants did not categorize the target object correctly.

If participants responded too slow.
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