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Exploring the Interplay Between Lexical Context
and Attentional Allocation in the Lexical Decision Task
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ABSTRACT. The lexical decision task, commonly used in psycholinguistic research, measures
response speed and accuracy to word and nonword stimuli. Although evidence suggests
that the task operates under strategic control, the role of lexical context—defined by the
types of stimuli present—on this control remains elusive. Here we attempted to explore
whether lexical context influences attentional allocation during the lexical decision task. In
Experiment 1, the context included both words (high and low frequency) and orthographically
illegal nonwords, where decisions could be made based on orthographic information. Results
showed that focusing on orthography required minimal attentional resources, leaving room
for interference from a superimposed, unattended tilted grating. In Experiment 2, we removed
the orthographically illegal nonwords, increasing the task’s attentional demands as decisions
now required processing beyond orthography. This shift in demands eliminated interference
from the tilted grating, suggesting that attentional resources were depleted. Importantly,
word frequency information was accessed when attention was directed toward the lexical
decision task but not when directed toward the tilted grating. Taken together, these findings
indicate the dynamic interplay between lexical context and attentional allocation in the
lexical decision task, highlighting the role of cognitive control in lexical processing.
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visual word recognition

r I Vhe lexical decision task is a widely used
experimental paradigm in psycholinguistics for
investigating the cognitive processes underlying

word recognition. In this task, participants are presented

with a series of letter strings and must quickly decide
whether each string forms a valid word (e.g., “book”)
or a nonword (e.g., “boko”). Response times (RTs)
and accuracy are typically measured, with faster and
more accurate responses to real words (compared to
nonwords) reflecting the efficiency of lexical access.

The lexical decision task is commonly used to examine

various factors influencing word recognition and

processing, such as word frequency, semantic priming,
and attentional effects.

Lexical decisions rely on distinguishing words
from nonwords based on orthographic, phonological,
and semantic properties (Rubenstein et al., 1970).
However, because words and nonwords differ across

nonwords are orthographically illegal (e.g., “BRNT”)
compared to when they resemble real words, such as
pseudowords (e.g., “LAIP”) or pseudohomophones
(e.g., “MEEN”; Evans et al., 2012; Ratcliff et al., 2004;
Shulman & Davison, 1977). These findings suggest that
lexical decision-making involves strategic control over
processing (Stone & Van Orden, 1993).

Models of visual word recognition have consid-
ered the influence of context on lexical decision task
performance (e.g., Coltheart, 1978; Paap & Noel,
1991; Rastle et al., 2003). The type of nonword used
affects performance by shaping the optimal decision
criteria, which in turn facilitates stimulus processing
during the task (Seidenberg, 1990; Wagenmakers et al.,
2008). For instance, orthographic information alone is
sufficient to differentiate words and orthographically
illegal nonwords (e.g., BRNT), whereas for words
and pseudowords (e.g., LAIP), additional aspects of
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the same time, the rate at which information is accu-
mulated for decision-making depends on the quality
of information provided by the stimulus (Ratcliffe et
al., 2004). As nonwords become more word-like (e.g.,
pseudohomophones), the increasing similarity between
words and nonwords makes decision-making more
challenging. This effectively reduces the signal-to-noise
ratio in the decision process, leading to slower response
times and decreased accuracy. Therefore, nonwords in
a lexical decision task are not merely foils; they shape
the decision context by influencing both the optimal
stimulus dimensions and the overall signal strength of
the decision.

When nonwords are orthographically illegal,
orthographic regularity has been identified as the
primary stimulus dimension for lexical decision-making
(Grainger & Jacobs, 1996; Seidenberg & McClelland,
1989; Yap et al., 2006). This is supported by previous
work showing that accurate lexical decisions can be
made based solely on orthographic familiarity, with
little or no involvement of phonological or semantic
information (e.g., Edwards et al., 2005). Furthermore,
when nonwords are distinctly separated from words
in terms of orthographic composition, the signal-to
noise ratio of the discrimination process is enhanced.
As such, there are two important implications for the
strategic control of processing within contexts contain-
ing orthographically illegal nonwords. First, evidence
suggests that participants tend to adopt an overall
response strategy that efficiently facilitates the process-
ing of both words and nonwords (e.g., Edwards et al.,
2004; Gibbs & Van Orden, 1998; Pexman et al., 2001).
When nonwords can be distinguished from words based
solely on orthographic features, participants engage
in less extensive processing beyond the orthographic
level, compared to contexts where additional stimulus
dimensions must be considered. Second, visual word
recognition occurs through a sequential activation
process involving visual, orthographic, phonological,
and semantic stages (e.g., Coltheart et al., 2001; Grainger
& Holcomb, 2009). If the visual/orthographic stage is
sufficient for word-nonword discrimination, completing
the entire sequence of activation becomes unnecessary,
again resulting in less extensive processing.

Less extensive processing implies that there is
potentially more processing capacity left unused. Balota
et al. (1999) proposed a flexible lexical processor in
which local context drives attention to relevant process-
ing dimensions. When the relevant dimension demands
less extensive processing, as in the case of distinguishing
words from orthographically illegal nonwords, greater
attentional capacity remains unused. According to the
perceptual load theory of attention (e.g., Lavie, 1995;

Lavie & Tsal, 1994), stimuli are processed until percep-
tual capacity is exhausted. If a task does not exhaust this
capacity, any remaining resources may be allocated to
the perception of irrelevant stimuli, such as distractors.
Therefore, we reason that the presence of orthographi-
cally illegal nonwords in a lexical decision task creates
a context in which intrusion from irrelevant distractors
becomes highly likely.

Previous studies have examined the attentional
demands of lexical processing using a dual-task para-
digm, where participants perform a lexical decision task
and a concurrent task, for example, an auditory probe
task (e.g., Becker, 1976; Herdman & Dobbs, 1989; Kellas
et al., 1988). The underlying assumption is that if the
lexical decision task requires attentional resources,
fewer resources will be available for the concurrent
task, leading to decreased performance on the probe
task in a dual-task versus single-task condition. There
are, however, several issues associated with assessing
attentional demands with a dual-task paradigm. First,
the paradigm requires engaging in two tasks at the same
time, which incurs time-sharing costs and response
competition. Second, actively monitoring both tasks
requires additional attentional resources, which may
interfere with performance on the primary lexical
task. To address these issues, we propose an alternative
approach that examines attentional influences within
the lexical context using a more passive paradigm.
Specifically, we seek evidence of unintentional distractor
processing while participants naturally engage in the
lexical decision task, without the need for a concurrent,
secondary task.

Apart from nonwords, an equally important
component of lexical context is the presence of words.
This leads us to our next question: Does a lexical context
containing orthographically illegal nonwords influence
the processing of words in a lexical decision task?
Specifically, we aim to examine whether the attentional
demands of our lexical context influence the processing
of word frequency, defined as the frequency of a word’s
occurrence. Word frequency is a crucial source of lexical
information that can shape how the mental lexicon is
accessed. However, whether attention is required for
processing word frequency remains a topic of debate
(e.g., LaBerge & Samuels, 1974). Although some studies
suggest that attention is necessary for lexical-semantic
processing (Besner et al., 2005; Lachter et al., 2004;
McCann et al.,, 1992; Waechter et al.,, 2011), others
have demonstrated visual word recognition can occur
automatically, independent of attentional control (e.g.,
Allen et al., 2002; Cleland et al., 2006; Lien et al., 2006;
Rabovsky et al., 2008). This raises the question of
whether the attention allocated to distinguishing words
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from orthographically illegal nonwords is sufficient to
facilitate word frequency processing.

In this study, we aimed to explore the interaction
between context and attention in the lexical decision
task. Specifically, we focused on a context involving
orthographically illegal nonwords and words, manipu-
lating attention through task demands. Two optically
superimposed stimuli were presented: a letter string
and a tilted Gabor grating. Participants were instructed
to either attend to the letter string and perform a lexical
decision task, or to attend to the tilted Gabor grating
and perform an orientation judgment task. In the first
experiment, the letter strings were either words (both
high frequency and low frequency) or orthographically
illegal nonwords, providing a context in which focusing
solely on the orthographic dimension was sufficient for
making lexical decisions. We expected that this would
leave unused attentional resources available for process-
ing the tilted Gabor gratings, even when it was not the
orientation judgment task. Additionally, comparing the
processing of high- and low-frequency words in the
lexical decision versus the orientation judgment tasks
allowed us to explore how attention affects access to
word frequency information. In the second experiment,
we used the same experimental paradigm but removed

Schematic Diagram of the Experimental Procedure
(Two Trials Shown)

Arandom delay of
1000 to 3000 ms

Showing stimulus for 25 ms:

5° grating and a nonword (tfca)
\ A button press or a

timeout of 3000 ms +
arandom delay of
1000 to 3000 ms.

Note. Each trial begins with the onset of a grey circle surrounding a central fixation point on the computer

screen. Following a random delay of 1000 to 3000 ms, a Gabor grating and a letter string, superimposed on
each other, are presented within the circle. The participant is expected to respond as quickly and accurately
as possible by pressing a button on the RT box, based on the task requirements for that block. The next trial
begins either immediately after the response or after a 3000 ms timeout. The example trials shown belong
to a high-frequency block with 5° tilted gratings: the first trial features an orthographically illegal nonword
(“tfca”) derived from a high-frequency word, and the second trial presents a high-frequency word (“seat”).

orthographically illegal nonwords. We hypothesized that
removing these nonwords would shift participants’ focus
from orthographic information to other dimensions
of the stimulus, which would be more attentionally
demanding. This strategic shift was expected to eliminate
unintentional processing of distractors in the lexical
decision task, and access to word frequency information
would remain unaffected. Overall, our goal was to test
how attention interacts context—an often-overlooked
factor—in the lexical decision task, shedding light on how
context influences the processing of lexical information.

Experiment 1

Method

Participants

With an a priori power analysis (Faul et al., 2007), we
estimated that, for a medium effect size of d = 0.50,
a total sample of 34 participants would be needed
to achieve a power of .80. However, to account for
potential technical issues or data loss, we recruited
50 undergraduate students (33 women; M, = 20.3;
SD = 1.2) via campus flyers at a university in the Eastern
U.S. Each participant received a monetary compensation
($5.00) for their participation, which lasted between
45 minutes and an hour. Due to reported vision or
reading difficulty, three participants were eliminated
from data analysis, for a total of 47 participants. All
participants were right-handed, with no history of neu-
rological disorders. All participants provided informed
consent and our University Research Ethics Committee
approved the experimental procedures.

Materials

The experiment was conducted in a quiet, secluded lab
space. Stimuli were programmed using PsychoToolBox
in MATLAB (MathWorks Inc., MA), and delivered on
an Apple iMac computer (2.5 GHz Intel Core i5 proces-
sor; 21.5-inch monitor; 1920 x 1080 resolution) with a
connected Response Time box (RTbox, version 6;
Li et al., 2010). The two buttons in the middle of
the RTbox, symmetrical through the midline of the
computer monitor, were used in this experiment.
Participants were seated in a chair that was adjusted
such that their eye gaze was at the same level as the
center of the computer screen, at a viewing distance of
one and a half feet. Participants responded to stimuli
by pressing the RTbox buttons with their index finger
(left button) and their middle finger (right button) on
their right hand.

There were two types of visual stimuli: a Gabor
patch with tilted grating and a string of letters. The two
stimuli were always superimposed on each other and
presented together during the experiment (see Figure 1).
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Each Gabor patch consisted of a 15 cycles-per-degree
sinusoidal grating modulated by a Gaussian envelope
with full width at half-maximum of 0.8> The grating was
either tilted to the left or to the right, with a tilted angle
of either 5° or 30° from the vertical position.

Each string of letters contained four letters that
made up either a word or a nonword. The words were
either high-frequency or low-frequency in terms of
their occurrence in the English language, selected from
the SUBTLEX database (Brysbaert & New, 2009). The
SUBTLEX database, which contains word-frequency
counts based on the subtitles from American films and
TV series, is thought to be a better index of the frequency
of occurrence of words than widely used databases such
as Kucera & Francis (1967) and Celex (Baayen et al.,
1993; Balota et al., 2004; Zevin & Seidenberg, 2002). The
selected high-frequency words each had a frequency
count between 69 and 800 per million words, and the
selected low-frequency words each had a frequency
count between 1 and 1.6 per million words. To control
for low-level linguistic and phonological features, only
concrete nouns without homophones were included as
word stimuli. In addition, the high- and low-frequency
word stimuli were matched on the average neighborhood
density (Goldinger et al., 1989). In contrast, the nonwords
were created by pseudo-randomly mixing up the order of
letters from the words (i.e., transposed-letter nonwords;
Grainger, 2008), such that the generated nonwords were
all orthographically illegal (e.g., name -> mnae).

There were 80 high-frequency words and 80 low-
frequency words selected for this experiment, which
generated 160 corresponding nonwords. The combination
of words and nonwords accounted for the 320 experimental
trials described below (i.e., none of the stimuli was repeated).

Procedure
Each trial began with a grey circle (diameter = 0.9 in)
presented at the center of the computer screen, enclosing
a fixation point directly in the middle (see Figure 1). After
a random delay between 1000 to 3000 ms, a Gabor
patch and a string of letters, superimposed on each
other, were presented together within the circle for
25 ms. The choice of 25 ms was based on our pilot
testing, suggesting that this duration would keep the
task difficult enough that one would need to process
the stimuli with focused attention. Participants were
instructed to respond as quickly and accurately as possible
to the presented stimuli, by pressing one of the two
buttons on the response time box. The next trial began
after a response had been made, or a timeout of 3000 ms.
There were two types of tasks: orientation judgment
and lexical decision. For the orientation judgment task,
participants were instructed to pay attention to the tilted

Gabor grating while ignoring the string of letters. When
the grating was tilted to the left, they should respond by
pressing the left button of the response box. When the
grating was tilted to the right, they should respond by
pressing the right button of the response box. For the
lexical decision task, participants were instructed to
focus on the string of letters while ignoring the Gabor
patch. When the string of letters was a word, they should
respond by pressing the left button of the response box.
When the string was a nonword, they should respond by
pressing the right button. The orientation of the Gabor
grating was counterbalanced with the lexicality of the
letter strings to minimize the adaptation in response.

The experiment included 8 blocks of 40 trials
each. The 8 blocks represented a 2x2x2 factorial design,
involving within-participants factors of task (orientation
judgment or lexical decision), angle of Gabor gratings
(5°0r 30> and frequency (high frequency or low
frequency). Note that for the factor of frequency,
each block contained an equal number of words and
nonwords (e.g., for a high-frequency block, there were
20 trials of high-frequency words and 20 trials of
nonwords derived from the high-frequency words in
the same block). The presentation order of blocks was
randomly generated for each participant, and within
each block, the trials were randomly permuted. Upon
completion of a block, participants were encouraged to
take a break and then continue onto their next block.

Before the experiment, there were two practice ses-
sions for each participant, one for each task. The practice
sessions were exactly the same as the experimental
blocks, except that there were only ten trials. In addition,
the experimenter was sitting beside the participant
during the practice to ensure that they could follow the
instructions and properly respond to the stimuli based
on the task. Participants were encouraged to conduct
the practice sessions as many times as possible, until
optimal comfort in both tasks was achieved.

Results

We examined the interplay between context and
attention through both manipulating the presence
of different stimuli and imposing task demands. The
task demands refer to performing either orientation
judgment of Gabor gratings or lexical decision of letter
strings. For a more granular analysis, we arranged the
frequency of letter strings into four categories, namely
high-frequency words (HFW), low-frequency words
(LFW), nonwords generated from high-frequency words
(HFNW), and nonwords generated from low-frequency
words (LFNW). To avoid confusion, this frequency
factor was then renamed lexicality, because nonwords
do not have “frequency” As a result, there were three
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factors in our analysis: task (orientation judgment vs.
lexical decision), angle (5° vs. 30°), and lexicality (HFW,
LFW, HENW, LFNW).

Accuracy
We first examined whether stimuli influenced accuracy
of performance in either of the two tasks. For the
orientation judgment task, a 2 (Angle) x 4 (Lexicality)
ANOVA revealed a significant main effect of angle,
F(1,46) =18.76, p <.001, 1,* = .29, with higher accuracy for
30° gratings (M = 18.68 or 93.4%, 95% CI [18.15, 19.21])
compared to 5° gratings (M = 17.68 or 88.4%, 95%
CI [16.99, 18.37]). No significant interaction was
observed, F(3,44) = 0.57, p = .641. For the lexical decision
task, however, a 2 (Angle) x 4 (Lexicality) ANOVA
showed no significant main effects of lexicality,
F(3, 44) = 1.72, p = .177 (Word: M = 12.34 or 62%,
95% CI [11.70, 12.96]; Nonword: M = 11.59 or 58%,
95% CI [10.90, 12.24]), or angle, F(1, 46) = 1.67,
p=.203. Additionally, there was no significant interaction,
F(3,44) = 0.02, p =.996. It is worth noting that accuracy
across all conditions in both tasks was significantly above
the chance level (10 correct trials out of 20), as the 95%
confidence intervals for all conditions were above 10
and did not include it.

These results suggest that participants were more
accurate in judging wider-angle (30°) gratings during
the orientation task, a pattern we refer to as the “grating

The Accuracy of Task Performance
Shown as a Function of Stimulus Type
M Orientation Judgement Task
p< 001 Lexical Decision Task
20
3
s 1B
Qo
3
% - —E
[
E 10
kS
5
E 5
=
0
30° 5° 30° 5° W NW W NW
Stimulus Type
Note. The accuracy of task performance, measured as the number of correct responses (out of 20 per bar), is
plotted against stimulus types for both tasks. In all conditions, performance was significantly above chance.
The higher accuracy observed for larger-angle gratings (30°) in the orientation judgment task demonstrates
the ‘grating angle effect. Because no such effect was found for letter stimuli, results for words and nonwords
are presented without further differentiation. 30°: 30° tilted grating; 5°: 5° tilted grating; W: Word; NW:
Nonword. Error bars represent standard errors.

angle effect” for simplicity. However, no evidence of an
accuracy effect was observed for angle or lexicality in
the lexical decision task (see Figure 2).

Response Time

To examine whether there was any interference imposed
by either Gabor gratings or letter strings that was
indicative of unintentional processing, we focused on
the participants’ RT performance for evidence of an
interaction between stimuli and task. We used a linear
mixed-effects model to analyze RTs of correct trials, with
both participants and items modeled as random effects
(e.g., Baayen et al., 2008; Brysbaert, 2007). This analysis
was based on single-trial data, thereby accounting for
the nonindependence of observations within each
participant and item. Random effects were introduced
sequentially, and their effects on model fit were assessed
based on likelihood tests. The final random structure
model included participants and items as random
intercepts, and angle, lexicality, and task as random
slopes that were allowed to vary across participants (i.e.,
by-participants random slopes).

We found a main effect of task, F(1, 58.51) = 70.57,
p <.001, and a main effect of lexicality, F(3, 201.59) = 8.26,
p < .001, qualified by a Task x Lexicality interaction,
F(3,194.42) = 13.44, p < .001. We also found a Task x
Angle interaction, F(1, 194.58) = 18.12, p < .001.

For the Task x Lexicality interaction (Figure 3a),
post-hoc comparisons with Bonferroni corrections
indicated that when the task was lexical decision, RTs
were significantly shorter for high-frequency words
(HFW: M = 658.99 ms, 95% CI [619.65, 698.33]) than
for either low-frequency words (LFW: M = 762.31
ms, 95% CI [723.77, 800.86]) or nonwords created
from low-frequency words (LFNW: M = 732.39 ms,
95% CI [693.39, 771.40]), ps < .001, demonstrating a
robust word frequency effect (Rubenstein et al., 1970;
Scarborough et al., 1977). In addition, RTs were longer
for low-frequency words (LFW: M = 762.31 ms, 95%
CI [723.77, 800.86]) than for nonwords created from
high-frequency words (HFNW: M = 695.98 ms, 95%
CI [656.46, 735.49]), p < .001, a finding consistent with
some previous work supporting a longer search time for
low-frequency words in mental lexicon (e.g., see Table 1
in Forster & Chambers, 1973). In contrast, when the
task was orientation judgment, there was no evidence
of a difference in RTs among words and nonwords
(i.e., across levels of lexicality), ps = 1.

For the Task x Angle interaction (Figure 3b),
post hoc comparisons with Bonferroni corrections
indicated that RTs were shorter for 30° gratings
(M=560.02 ms,95% CI [524.06,595.98]) than for 5° gratings
(M =585.89 ms, 95% CI [549.89, 621.88]) during the

373 COPYRIGHT 2025 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 30, NO. 4/ISSN 2325-7342)




Sroka, Deenihan, Fraser, and Zheng | Interplay Between Context and Attention

orientation judgment task, p =.022. This corroborated the
accuracy data in suggesting that judging the orientation
of wider-angle gratings was indeed easier. However, the
pattern was reversed for the lexical decision task, where
RTs became longer with the presence of 30° gratings
(M =728.16 ms, 95% CI [691.33, 764.99]) than 5° grat-
ings (M = 696.68 ms, 95% CI [659.82, 733.53]), p = .013,
indicating greater interference associated with gratings
of wider angle.

Discussion

In this experiment, participants attended and responded
to one of the two superimposed stimuli (tilted grating
and letter string), as indicated by the task demand. Our
results showed that task-guided attention influenced
participants’ responses to different stimuli. Specifically,
when attending to the letter stimuli, participants exhib-
ited the word frequency effect, but the grating angle
effect emerged when attention was directed to the tilted
grating. Furthermore, although we found no evidence of
the word frequency effect interfering with the orientation
judgment task, there was clear evidence of interference
from the grating angle effect in the lexical decision task.
This interference was reflected in longer response times
due to the greater intrusion of the 300 gratings. Overall,
the absence of interference from the word frequency
effect during the orientation judgement task, coupled
with the unintentional processing of the grating angle
effect during the lexical decision task, provides support
for the interplay between context and attention.

The findings highlight the lexical decision task as
avaluable tool for exploring how task-guided attention
interacts with contextual factors. In everyday situations,
attention is often divided between multiple stimuli,
such as when reading while processing peripheral
visual cues. The lexical decision task simulates these
divided attention scenarios, offering insights into how
task demands and stimulus types influence cognitive
processing. For example, our results showed that atten-
tion to letter stimuli elicited the word frequency effect,
but attention to the tilted grating led to the grating angle
effect, demonstrating how attentional shifts prioritize
different information. However, our findings also reveal
that attention does not always shield from distractions.
When the lexical decision task was less demanding, the
tilted gratings still interfered, suggesting that available
attentional resources can still lead to distractions, even
with the intention to focus. This highlights the impor-
tance of balancing cognitive load and available resources,
with implications for multitasking, indicating that, even
with focused effort, distractions may still intrude when
cognitive resources are not fully taxed.

The letter stimuli used in our experiment consisted of

both words and nonwords, with nonwords being derived
from the words within the same block. To control for
visual and orthographic confounds, words and nonwords
within a block were matched on low-level visual features
and character composition. This design ensured that
any differences in responses to the stimuli could not be
attributed to variations in visual features, as the same set
of letters could appear as either a word or a nonword.
Importantly, although we observed faster responses to
high- words compared to low-frequency words in the
lexical decision task, no difference in RTs were found for
nonwords across the blocks, confirming the validity of
our stimulus manipulation. As a result, the absence of
interference from the letter stimuli during the orientation
judgment task suggests that the observed difficulties in
lexical access were driven by shifts in attention, rather
than by inherent features of the stimuli.

‘ Response Times Presented for the Performance of the Two Tasks ‘
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Note. (a) illustrates the task X lexicality interaction, where the word frequency effect was observed in the
lexical decision task. LF Block refers to the low-frequency block, HF Block to the high-frequency block,

W represents words, and NW represents nonwords. (b) depicts the Task X Angle interaction, showing that
30° gratings elicited faster responses than 50 gratings in the orientationjudgment task, and also caused
greater interference during the lexical decision task. 30°: 30° tilted grating; 5°: 5° tilted grating. Error bars

represent standard errors.
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Hoffman & Nelson (1981) demonstrated that accurate
detection of a target letter enhanced the discrimination of
the orientation of a co-occurring symbol located in the
same general area, suggesting that the spread of attention
across space. Based on this, one might expect that attention
would similarly spread over the letter stimuli during the
orientation judgment task, potentially leading to interfer-
ence from the word frequency effect. However, the RT data
from the orientation judgment task showed no evidence of
such interference. Importantly, this lack of interference is
unlikely to be attributed to attentional overload during the
task, as we observed no intrusion of the word frequency
effect even in the easy condition (i.e., 30°, large-angle grat-
ing) of the orientation judgment task. These findings thus
support the idea that activating the word frequency effect
requires directed attention.

Previous research suggests that attention can modulate
unconscious processing of task-irrelevant stimuli, such
as orientation (e.g., Bahrami et al., 2008). In our lexical
decision task, the attention required to process ortho-
graphic information for judging words and nonwords
may have spilled over to the tilted grating stimuli, leading
to unintended orientation processing. We argue that this
orientation processing occurred because the lexical context
(words and orthographically illegal nonwords) accentuated
orthographic disparity. The lexical decision task’s reliance
on orthographic features required only limited attentional
resources, which allowed the remaining resources to be
diverted to the tilted gratings, thereby causing interference
in the lexical decision task. This explains why the larger-
angle grating (30°), which was easier to process during the
orientation judgment task, also resulted in greater RT costs
during the lexical decision task. Because the ignored tilted
gratings influenced responses to the attended letter stimuli,
we believe that these gratings were processed using the
available attentional resources that were not fully allocated
to the lexical decision task.

However, a trivial explanation for the results of
Experiment 1 is that the 30° grating somehow made the
letter stimuli more difficult to visually identify than the
5° grating, leading to slower responses during the lexical
decision trials with the 30° gratings. If this were the case,
we would expect the interference from tilted gratings to
persist, even when the lexical context changes. This is
because the trivial explanation focuses on low-level visual
distraction, rather than attentional allocation linked to
the lexical context, as the root cause of the interference.
Altering the context (or the type of letter stimuli) would
not change the fact that the 30° grating induces more visual
interference than the 5° grating. On the other hand, if the
interference was driven by the context itself, we would
expect that shifting the context to increase the attentional
demands of the lexical decision task could eliminate the
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interference from the tilted gratings, as fewer attentional
resources would be available for the distractors. We tested
this in Experiment 2.

Experiment 2

When lexical context requires more than just ortho-
graphic information for decision-making, additional
stimulus dimensions need to be considered as well,
increasing both processing load and attentional demand.
This, in turn, reduces the likelihood of distractor inter-
ference. In Experiment 1, the presence of orthographi-
cally illegal nonwords contributed to an orthographic
focus. Thus, the most straightforward way to eliminate
this focus was to remove those nonwords altogether.

One alternative approach to increasing processing
and attentional demand would have been to replace
the orthographically illegal nonwords with other types
of nonwords, such as pseudowords or orthographically
legal nonwords. However, this substitution posed a
challenge: pseudowords and orthographically legal
nonwords may share varying degrees of orthographic
similarity with the original illegal nonwords. Without
additional measurements, we had no reliable way
to assess how participants would judge “word-like”
nonwords or how much additional attentional resource
their processing might require.

Familiarity-based theories of lexical decision (e.g.,
Balota & Chumbley, 1984) suggest that lexical decisions
rely on the strength of the match between a stimulus and
stored memory representations. Introducing pseudo-
words or orthographically legal nonwords—stimuli that
do not exist in memory but resemble real words—could
create uncertainty in the judgment process, leading to
variability across stimuli and participants. If attentional
allocation is influenced not by a global feature (such as
orthography) but by the characteristics of individual
nonwords, it would be difficult to determine whether
observed effects stem from attentional resources or
merely stimulus-specific features.

Given these considerations, we opted to remove
the orthographically illegal nonwords without substitu-
tion, retaining only high- and low-frequency words.
Participants in Experiment 2 were still instructed to
make a word vs. nonword decision. However, because
the absence of nonwords does not align with the con-
ventional definition of a lexical decision task, we referred
to this modified paradigm as a “pseudo-lexical decision
task” in the experiment description.

Method

Participants

We recruited 50 undergraduate students (40 women;
M,z = 20.6; SD = 1.3) via campus flyers at our university
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for this experiment. Each participant received a $5.00
monetary compensation for their participation, which
lasted between 30 and 40 minutes. Due to reported
vision difficulty and incompletion of the experiment,
8 participants were eliminated from data analysis, for
a final sample size of 42. All participants were right-
handed, with no history of neurological disorders.
All participants provided informed consent and our
University Research Ethics Committee approved the
experimental procedures.

Experimental Procedures

The setting and paradigm were the same as Experiment
1, except that each block now contained 20 high-
frequency and 20 low-frequency words that were randomly
permuted (i.e., nonwords removed). There were 4 blocks
of 40 trials, corresponding to a 2x2 factorial design, with
within-participants factors of task (orientation judgment
or pseudo-lexical decision) and angle of Gabor grating
(5°v.s. 30°). In addition, a factor of lexicality was used to
represent high- or low-frequency words in each block.

Results

Accuracy

We examined whether stimulus types influenced
accuracy in two tasks (see Figure 4). In the orientation
judgment task, a 2 (Angle) x 2 (Lexicality) ANOVA
revealed a main effect of angle, F(1,41)=8.61, p =.005,
n,> = .17, where accuracy was higher for 30° gratings
(M=18.80,95% CI [18.29,19.31]) compared to 5° gratings
(M=17.58,95% CI [16.75, 18.42]). For the lexical decision
task, the 2 (Angle) x 2 (Lexicality) ANOVA showed
no main effect of lexicality, F(1, 41) = 2.22, p = .144
(HF Word: M = 11.71, or 59%, 95% CI [11.22, 12.21]);
LF Word: M =11.32, or 57%, 95% CI [10.86, 11.79]), or
angle F(1, 41) = 0.02, p = .883. Additionally, there was
no significant interaction, F(1, 41) = 0.09, p = .770. We
note that accuracy in all conditions across both tasks was
significantly above chance level (10 out of 20), as none
of the 95% confidence intervals included 10.

These results replicate the accuracy patterns from
Experiment 1, confirming that the only accuracy effect
occurred for tilted gratings in the orientation judgment
task, or the “grating angle effect”

Response Time

We used a linear mixed-effects model to analyze RTs
of correct trials, with participants and items modeled
as random effects. Random effects were introduced
sequentially, and their effects on model fit were assessed
based on likelihood tests. Our final random structure
model included participant and item as random inter-
cepts, and angle, lexicality, and task as random slopes

that were allowed to vary across participants.

We observed a main effect of task, F(1, 59.82)
= 25.59, p < .001, and a main effect of lexicality,
F(1,112.78)=7.35, p = .008, as well as a Task x Lexicality
interaction, F(1, 112.42) = 13.25, p < .001. Post hoc

The Accuracy of Task Performance
Shown as a Function of Stimulus Types
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Note. The accuracy of task performance, represented by the number of correct responses (out of 20 for each
bar), is plotted for each stimulus type across the two tasks. In all conditions, performance was significantly
above the chance level. In the orientation judgment task, higher accuracy was observed for the 30° gratings
compared to the 5° gratings, replicating the “grating angle effect.” 30°: 30° tilted grating; 5°: 5° tilted grat-
ing; HF: high-frequency words; LF: low-frequency words. Error bars represent standard errors.

Response Times Are Displayed
for the Performance of the Two Tasks
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Note. High-frequency words elicited faster responses than low-frequency words during the pseudo-lexical
decision task, replicating the word frequency effect. However, in contrast to Experiment 1, the 30° gratings no
longer interfered with performance on the pseudo-lexical decision task. Error bars represent standard errors.
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comparisons with Bonferroni corrections indicated
that RTs were significantly longer for low-frequency
words (M = 721.92 ms, 95% CI [674.50, 769.34])
than for high-frequency words (M = 648.97 ms, 95%
CI [600.97, 696.96]) during the pseudo-lexical decision
task, p <.001, demonstrating the word frequency effect
(Figure 5). This effect vanished, however, when the
task was orientation judgment (low-frequency words:
M =568.20 ms, 95% CI [521.73, 614.67]; high-frequency
words: M = 575.73 ms, 95% CI [529.29, 622.18]),
p =.625. Overall, these results are consistent with those
of Experiment 1, indicating the presence of the word
frequency effect when attending to the pseudo-lexical
decision task but the absence of the effect when attending
to the orientation judgment task.

In contrast, unlike Experiment 1, we failed to
observe a Task x Angle interaction, p = .11, suggesting
that there was no evidence of interference from the grat-
ing angle effect in the pseudo-lexical decision task. This is
in line with our expectation that the new lexical context
increased the processing load and attentional demand of
the pseudo-lexical decision task, consequently making
it harder for the tilted gratings to intrude.

Given the absence of nonwords in the pseudo-lexical
decision task, one might argue that participants could
quickly recognize all items as words and therefore simply
press the “word” button throughout the experiment,
with no decision at all. If this were the case, we would
expect higher accuracy and much faster RTs in the cur-
rent experiment, compared to Experiment 1. However,
when comparing lexical decision task data across the
two experiments, we found that the only significant
difference in accuracy occurred in the low-frequency
words with the 30° gratings condition, #(87) = 2.25,
p =.027, where the accuracy in Experiment 1 was
actually higher than in the current experiment, in the
opposite direction of what would be expected. For RTs, no
significant differences were found across all conditions
in the lexical task between two experiments, #(87) < 1.60,
ps > .114. Therefore, there was no evidence indicating
that participants were simply responding by pressing
the ‘word’ button throughout Exp 2 without engaging
in cognitive processing. Furthermore, if participants
had been simply performing the lexical task without
mental processing, such as repeatedly pressing the same
button, the task would have become trivial, increasing the
likelihood of distractor interference. Given this, it seems
counterintuitive that the grating interference in the lexical
task would suddenly diminish under these conditions.

Discussion
With the altered context, we replicated both the grating
angle effect and the word frequency effect observed in
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Experiment 1. However, we found no evidence that
either effect interfered with the performance on the
opposite task. In particular, the absence of interference
from the grating angle effect suggests that it was not the
visual features of the tilted gratings causing the disrup-
tion. We argue that the increased attentional demand
of performing lexical discrimination in the altered
context led to the cessation of unintentional processing
of irrelevant distractors.

These findings have important implications for
everyday behavior, particularly in multitasking sce-
narios. They suggest that when a task requires more
cognitive resources, the likelihood of being distracted
by irrelevant stimuli decreases. This insight may inform
strategies for optimizing focus in environments where
attention must be selectively managed, such as reading in
noising settings or working in visually cluttered spaces.

Despite the altered context, the word frequency
effect persisted, aligning with our expectation that it
would remain even after removing nonwords. In this
context, lexical decisions could no longer rely solely on
orthographic regularity but instead required access to
additional stimulus dimensions, such as phonology and/
or semantic meaning. This may have strengthened the
word frequency effect, as it reflects lexical access and
subsequent computations that are attentionally demand-
ing (e.g., Balota & Chumbley, 1984; McCann et al., 1992).
Furthermore, as in Experiment 1, the word frequency
effect did not interfere with the orientation judgment
task, reinforcing the idea that lexical access, particularly
word frequency processing, requires attention.

The replication of the grating angle effect confirmed
that judging the orientation of a large angle (30°) was
easier than a small angle (5°). In the current experiment,
however, judging the large angle was not necessarily
faster than judging the small angle, suggesting reduced
sensitivity in orientation processing. One possible expla-
nation is the impact of orthographic focus on spatial
processing. Orthographic representation integrates letter
identity and order (e.g., Grainger, 2016), and models of
orthographic processing (e.g., Davis, 1999; Whitney,
2001) emphasize letter position coding in word recogni-
tion. In Experiment 1, the emphasis on orthography may
have enhanced spatial sensitivity, making it easier to
judge tilted gratings. In contrast, Experiment 2’s altered
context de-emphasized orthographic processing, likely
diminishing spatial sensitivity during the orientation
judgment task.

The absence of interference from the grating angle
effect in the pseudo-lexical decision task is consistent with
the increased processing load and attentional demands in
the altered context. As the optimal basis for lexical deci-
sions shifted from orthography to a multi-dimensional
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approach, including phonology and semantic meaning,
processing complexity increased, depleting attentional
resources. With fewer resources available, the grating angle
effect no longer caused interference.

General Discussion

We demonstrated that context in a lexical decision task
influences attentional allocation, which in turn affects
task performance. However, word frequency informa-
tion was accessed regardless of context, as long as atten-
tion remained on the lexical decision task. Overall, these
findings highlight the interplay between task context
and attentional control in shaping performance in the
lexical decision task.

Research on reading has long highlighted the
crucial role of attention in processing whole-word
phonology (e.g., Monsell et al., 1989; Rastle & Coltheart,
1999; Zevin & Balota, 2000). For instance, the dual-route
model (Coltheart, 1978) distinguishes two pathways
that allow readers to flexibly shift their reliance on
word-specific information: words that do not fol-
low regular rules of pronunciation (e.g., “steak”) are
processed through the lexical route, whereas non-
words not represented in the orthographic lexicon
(e.g., “stik”) are decoded through the non-lexical route.
This exemplifies the important role of attention in
selectively processing lexical information based on
orthographic codes. Further evidence suggests that this
attentional control is context-dependent (Monsell et al.,,
1989; Rastle & Coltheart, 1999), with naming performance
differing between blocks that contain only one type of
stimuli (i.e., pure blocks) and blocks with mixed types
of stimuli (i.e., mixed blocks). Pure blocks require less
attentional switching between pathways, making reading
more efficient. In contrast, our study presents another
case where context influences attention, but within the
framework of a lexical decision task. Unlike reading,
lexical decision only requires a judgment of “wordness’,
without the need to map orthography to phonology. In
a context where words and nonwords differ sharply on a
single dimension, the judgment can be made efficiently
with minimal attentional resources, which then leads to
the attentional spillover observed in our study. Reading,
however, is a more complex task that likely involves
dynamically changing contexts. Exploring whether
and how readers strategically adjust their attention in
response to these constantly changing contexts could
deepen our understanding of the conditions under
which reading becomes more susceptible to distractions.

Visual word recognition involves multiple, sequential
stages of processing that differentiate between words and
nonwords (e.g., Coltheart et al., 2001; Holcomb & Grainger,
2006). Evidence shows that word perception relies on

multi-letter units of analysis based on orthographic/
morphological structure (Prinzmetal et al., 1991;
Prinzmetal & Millis-Wright, 1984), where monosyl-
labic words are processed holistically but nonwords are
processed by single-letter units. Letters serve as discrete
features, and attention plays a key role in accurately
localizing and binding these features (Ashby et al, 1996),
or in encoding the spatial ordering of features (Wolford,
1975). The proper coding of relative feature positioning
becomes particularly relevant for distinguishing words
from nonwords, due to the distinct modes of feature
integration during recognition. In line with this, our
findings in the lexical decision task support the notion
that attention is biased toward the spatial integration of
features. Specifically, in Exp 1, the presence of nonwords
seemed to heighten spatial sensitivity for judging
orientation, reflecting spatial coding. In contrast, in
Exp 2, which did not include nonwords, showed no
such sensitivity, likely due to the holistic processing of
words. Taken together with existing models of visual
word recognition, our results suggest that context can
influence both the extent and the mode of attention
deployed during the lexical decision task.

One might argue that the interference from the
tilted gratings observed in Experiment 1 was due to
perceptual grouping or object-based attention, where
the tilted gratings and letter stimuli were integrated
into a single object. According to existing evidence,
when a distractor and target are part of the same object,
increased processing of the target can actually enhance
distractor interference (e.g., Chen, 2003; Murphy et al.,
2016), as object-based attention overrides the conditions
of perceptual load in allocating attentional resources
(Cosman & Vecera, 2012). However, we believe this was
not the case, because if the tilted gratings (distractor) and
letter stimuli (target) were perceived as a single object, we
would have expected significantly more interference in
Experiment 2, given the higher processing demands of
the letter stimuli. In other words, object-based attention
would have led to simultaneous processing of the tilted
gratings and the letter stimuli during the lexical task,
which was not observed in Experiment 2. Therefore, the
results from both experiments suggest that the tilted grat-
ings and the letter stimuli were not perceptually grouped
as a single object, but instead processed independently
based on the demands of each task.

Previous research suggests that certain aspects of
lexical access are sensitive to word frequency and require
attention (e.g., Becker, 1976; Herdman, 1992). Dual-
task paradigms involving a lexical decision task have
shown that low-frequency words and nonwords incur
greater performance costs than high-frequency words,
indicating that lexical access demands more attention for
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less familiar words (Becker, 1976; Herdman & Dobbs,
1989). Additionally, studies that cue the location of
attention reveal that processing low-frequency words
and nonwords benefits from attention directed to their
specific location, and identification of high-frequency
words is generally facilitated by a broader attentional
distribution across the stimulus space (Montani et al.,
2014). Despite evidence that high-frequency words
typically require less attentional demand, we did not
observe interference from high-frequency words during
the orientation judgment task. This could be because
frequency-sensitive processes in lexical access demand
more attentional resources than those available during the
orientation judgment task, or because high-frequency
words were processed in parallel with orientation pro-
cessing, resulting in no measurable RT cost. Although
our study does not resolve these competing explanations,
future research could manipulate the characteristics of
the secondary task to more directly examine the role
of word frequency in lexical access in the absence of
overt attention.

Although word frequency is a reliable source of
the word frequency effect in lexical decision tasks
(Gardner et al., 1987), previous work suggests that it is
the decision-related processes in these tasks that amplify
the effect (Balota & Chumbley, 1984); When the focus is
on the concept or meaning of a word, as in the category
verification task (e.g., verifying whether the word “robin”
belongs to the category “bird”), the word frequency effect
is minimal. This suggests that attention alone does not
necessarily induce the word frequency effect. Conversely,
when attention is directed toward task-irrelevant
stimuli, such as the tilted gratings in our study, the
word frequency effect does not emerge, even when the
word stimuli are easily accessible. This indicates that the
word frequency effect does not occur without attention
(e.g., Lien etal., 2006). Overall, it appears that attention
is a necessary but not sufficient condition for the word
frequency effect in lexical decision tasks.

There are several caveats to consider when interpreting
our results. First, accuracy in our lexical tasks was
generally lower than in typical lexical decision tasks,
likely due to dual-task interference and, primarily,
the short stimulus presentation duration (25 msec).
When selecting this duration, our goal was twofold: to
minimize interference from the secondary task and to
maintain a level of difficulty that required participants
to stay fully engaged. If the task were too easy, the
attentional demands central to our study would be
undermined. At the same time, we aimed to ensure that
the presentation was long enough to avoid unconscious
or subliminal perception. Additionally, in Experiment
2, the brief stimulus duration may have led participants
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to perceive the presence of nonwords, thereby treating
the pseudo-lexical decision task as valid.

Given these considerations, we determined that
25 ms was an optimal stimulus duration - ensuring
participants actively attended to and consciously
processed the stimuli (e.g., see Schréder et al., 2023).
Indeed, the significantly above-chance accuracy levels
confirmed the appropriateness of this choice. However,
25 msec is considerably shorter than the stimulus
presentation times in most classic lexical decision tasks,
so the observed lower accuracy was expected. Although
we do not anticipate this lower accuracy compromising
the validity of our findings, the extent of its impact
remains an open question for future research.

Another limitation is that our data was collected
from undergraduate students at a U.S. university without
race/ethnicity information. This omission makes it
difficult to assess the generalizability of our findings
and potential cognitive differences across racial groups
(e.g., Rouse, 2021). Given accumulating evidence that
participant demographics can influence cognitive
processes, future research should address this gap.

Conclusion

The lexical decision task, like other tasks in visual word
recognition and reading, involves conscious processing
of individual stimuli over time. The lexical context
created by these stimuli can have a significant impact
on task performance, influenced by factors such as the
number, order, and neighborhood of the stimuli. The
arrangement of stimuli triggers strategic control during
task execution, optimizing the outcome. In the current
study, we demonstrated that the context, specifically the
mixture of different stimulus types, affected attentional
allocation, which in turn influenced task performance in
the lexical decision task. In contrast, the access to word
frequency information remained unaffected despite the
varying patterns of attention deployed across contexts.
Our findings highlight the complexity of the interaction
between contextual factors and cognitive control in
lexical decision tasks, underscoring the need for future
research to provide a more nuanced understanding of
this interplay.
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