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Abstract

Visual stimuli can be perceived at a broad, ‘‘global’’ level, or at a more focused, ‘‘local’’ level. While research has shown that
many individuals demonstrate a preference for global information, there are large individual differences in the degree of
global/local bias, such that some individuals show a large global bias, some show a large local bias, and others show no
bias. The main purpose of the current study was to examine whether these dispositional differences in global/local bias
could be altered through various manipulations of high/low spatial frequency. Through 5 experiments, we examined
various measures of dispositional global/local bias and whether performance on these measures could be altered by
manipulating previous exposure to high or low spatial frequency information (with high/low spatial frequency faces,
gratings, and Navon letters). Ultimately, there was little evidence of change from pre-to-post manipulation on the
dispositional measures, and dispositional global/local bias was highly reliable pre- to post-manipulation. The results provide
evidence that individual differences in global/local bias or preference are relatively resistant to exposure to spatial frequency
information, and suggest that the processing mechanisms underlying high/low spatial frequency use and global/local bias
may be more independent than previously thought.
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Introduction

Visual stimuli can be perceived at a broad, global level (e.g.,

‘‘the forest’’) or at a more focused, local level (e.g., ‘‘the trees’’).

This is referred to as ‘‘global/local processing’’, and is commonly

assessed through the use of compound stimuli [1]. The most

frequently used global/local stimuli involve compound letters

known as ‘‘Navon letters’’ [1,2]. Navon letters are large, single

letters (representing the global perceptual level) that are comprised

of smaller letters (representing the local perceptual level) (see

Figure 1). The global and local elements can either be congruent

(e.g., a large ‘‘T’’ comprised of smaller ‘‘T’s’’), or incongruent (e.g.,

a large ‘‘T’’ comprised of small ‘‘S’s’’). A typical Navon task

presents a single compound Navon letter on each trial, and

requires the participant to identify either the large, global letter, or

the small, local letters, as quickly as possible. The response time

(RT) for detecting a given target letter appearing at the global

versus local level is sometimes compared (e.g., [3]), but more often

measures of global and local interference (i.e., the difference in RT

from incongruent to congruent trials) are compared for local and

global trials respectively. In addition to letter stimuli, variations in

hierarchical stimuli have included shapes [4–6], digits [7], and

objects [8].

Global/local processing can also be assessed through the use of

forced-choice, non-speeded tasks in which the global and local

levels are pitted against each other, and the participant determines

which level is attended (e.g., [6]). For example, participants may

be shown a square made of triangles and then asked to select either

a triangle made of triangles, or a square made of squares, as the

best representation of what they have just seen. Global or local

preference is then assessed as the number of times a participant

chooses the shape consistent with the global or local form.

Interestingly, some of the early studies of global/local processing

have suggested that, although stimuli can be viewed at either level,

there is an overall global processing advantage [1,2]. That is, the

global information tends to be processed faster, earlier, and there is

typically more interference from the global level when focusing on

the local level, as compared to the reverse [1]. Additionally, when

using a non-speeded forced-choice task, individuals as a whole are

more likely to select or attend to the global figure, as compared to

the local. This suggests that the processing of the coarse, global

form of a stimulus takes precedence over the processing of the

detailed, local parts [2]. This phenomenon is referred to as the

‘‘global advantage’’ or the ‘‘global precedence effect’’, and suggests

that visual processing occurs in a coarse-to-fine manner. However,

this global advantage is neither universal nor absolute, and can be

altered in a myriad of ways.

One of the most commonly known ways of altering the global

advantage is by changing the stimulus or task parameters in such a

way as to make the global form less salient. For example, changes

to the overall visual angle [9], the aspect ratio of the local to global
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items [10,11], or the exposure duration [12] can reduce, or even

eliminate, the global advantage. Additionally, there is clear

evidence for level-repetition effects, such that individuals are faster

to respond to a globally- or locally-directed trial if they were

directed to the same level on the preceding trial [13–18] (see also

[19]). As such, global/local biases can clearly be manipulated or

altered by simple task and stimulus changes.

Influencing Global/Local Bias
The degree of global or local bias within an individual can not

only be influenced by the stimulus or task parameters, but also by

individual characteristics and behaviours that are related to a

broadened or narrowed attentional focus. For example, studies

have suggested that positive affect may have a broadening effect

on attention [20] and negative affect a narrowing effect [21]. To

examine the effect of negative affect on attentional breadth,

Gasper and Clore [5] induced one of three mood states (sad,

happy, or neutral) prior to participants completing a forced-choice

global/local preference task. Participants induced into a sad mood

state had lower global scores than did the participants in the happy

or neutral groups, and were also more likely to report making their

choices in this task based on the local information, rather than the

global. Correspondingly, Fredrickson and Branigan [4] found that

induced positive mood states resulted in larger global scores on the

same global/local preference task as used in Gasper and Clore [5].

However, Gable and Harmon-Jones [3,22] used a global/local

task with compound stimuli and observed that, regardless of

valence, induced affective states that were low in approach

motivation (e.g., amusement, sadness) led to diffusion or broad-

ening of attention, whereas induced states that were high in

approach motivation (e.g., desire, disgust) led to a narrowing of

attention (see [23] for a review), suggesting that it is motivational

intensity that modulates global/local bias.

In addition to broadening and narrowing attention through

affect, global/local bias has been modulated using other tasks

designed to broaden attentional scope. For example, Liberman

and Förster [24] showed in three studies that participants who had

been primed to think of the distant future, distant spatial locations,

and distant social relationships were faster at responding to global

Navon letters than individuals who had either not been primed, or

who had been primed to imagine proximal distances, locations,

and relationships. Another recent study showed that when

individuals are asked to perform a task (such as solving anagrams

or navigating a maze), and they are presented with ‘‘obstacles’’

(such as distracting background noises framed as obstacles to be

overcome, or physical obstacles in the maze), they tended to

broaden their attentional scope in order to discover a new path

around the obstacle, and later show faster responses to global

stimuli [25].

Global/Local Bias Influencing Performance on Face
Perception

While much of the research on global/local processing has

focused on how global/local biases can be altered, researchers

have also focused on how an induced global or local state can

influence performance on other tasks. For example, individuals

who have been induced into a globally biased state using Navon

stimuli are better at detecting sarcasm [26], detecting similarities

between dissimilar television shows and objects [27], self-regulat-

ing [28], and at making basic and subordinate-level object

discriminations from within similar distractors [29]. (see [30] for

a more exhaustive list). However, the area in which global/local

processing has been shown to play the most prominent role is in

face recognition and perception.

Face recognition is thought to rely more on holistic processing

than does the recognition of other objects. Specifically, faces are

thought to be processed in a holistic manner that uses the entire

face configuration, rather than individual features, during

recognition [31]. This holistic processing can be disrupted in a

variety of ways; most notably by inverting the face and thus

disrupting the perception of the configural relationships [32].

Holistic processing is considered by many to be identical to global

processing, such that both refer to the idea that an object (or face)

is viewed in terms of its whole, rather than its constituent parts [1].

While there is currently debate over whether these terms can be

used interchangeably (see [33]), many studies have sought to

examine the effect of altering global/local processing biases on

face recognition.

Macrae and Lewis [34] had participants watch a 30 sec. video

of a simulated robbery, after which they viewed hierarchical

Navon letters and reported the identity of the letter at either the

global or local level for 10 minutes (control participants completed

an unrelated filler task). After this induction task, participants

viewed a lineup of 8 faces, which included the robber’s face, and

were asked to identify the robber from the initial video clip.

Interestingly, the locally focused group showed impairments in

face recognition, whereas the globally focused group showed

enhancements in face recognition, relative to controls.

Perfect [35] later replicated this effect, but had half of the

participants perform first a global, and then a local, task, whereas

the other group performed a local task first, followed by a global

task. Whichever global/local level the participants attended to last

influenced their face identification accuracy, such that participants

who performed the global task last had enhanced face identifica-

tion accuracy, whereas those who performed the local task last

showed diminished face identification accuracy (relative to

controls). Similarly, Hills and Lewis [33] showed a reduction in

face identification accuracy following the processing of the local

elements of Navon letters, and also when biasing participants into

a locally focused state using global/local shapes, such as diamonds

and squares.

Weston and Perfect [36] showed that inducing participants into

a globally or locally focused state using a Navon letter task can

influence performance on the composite face task. In the

composite face task participants are presented with faces that

consist of the top half of one identity and the bottom half of

another identity [36]. On some of the trials the face halves are

aligned, and on some they are misaligned. Participants are

generally slower to make old/new identifications for half of the

face when the two face halves are aligned as compared to when

they are misaligned. This composite face effect is thought to occur

because intact faces are processed holistically and aligning the face

halves of two identities creates the impression of a novel face,

rather than two individual face parts.

Figure 1. Traditional Navon letters.
doi:10.1371/journal.pone.0098625.g001
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In the Weston and Perfect [36] study, participants were given a

global/local task in which they were either instructed to respond to

only the local information (i.e., the local group), or the global

information (i.e., the global group), and then complete a composite

face task. Control participants performed a separate non-global/

local task before the composite face task. Interestingly, the

individuals who were in the local manipulation group were

significantly faster at identifying whether a top or bottom face half

was old or new on aligned trials as compared to both the global

and control groups (who did not differ from each other), thus

demonstrating that the local induction reduced the composite face

effect. This suggests that a local processing style is useful for

featural identification, whereas a global processing style is better

for holistic identification (as with normal, intact faces). Gao,

Flevaris, Robertson and Bentin [37] showed a similar effect with

the composite face task using a trial-by-trial manipulation, such

that participants reported either the local or global level of a

Navon stimulus immediately before completing a face trial.

Individual Differences in Global/Local Preference
The finding that global/local performance can be altered in a

myriad of ways, and in turn can influence performance on other

cognitive tasks, implies that global/local biases are dependent

upon the tasks themselves, or the state of the participant during

testing. However, individuals also vary naturally in their degree of

global/local bias. For example, individuals from remote cultures

[38] and musicians [39] tend to show a local bias, and individuals

who follow a religion that emphasizes individualism (i.e.,

Calvinism) show a smaller global precedence effect than do

atheists or Catholics [40]. Similarly, individuals with disorders

such as obsessive-compulsive disorder [41] and autism [42] also

tend to show larger local than global biases. There are also

reported effects of age [43], and race [44] on global/local

preference.

A recent study directly examined these individual differences in

order to determine how stable dispositional global/local biases

were over time [45]. Over two experiments, Dale and Arnell [45]

showed the dispositional global/local biases, as assessed by a

traditional Navon letter interference task, the Kimchi and Palmer

[6] forced-choice shape task, and a forced-choice task with high/

low spatial frequency hybrid faces [46], remained stable over a

period of 7–10 days, suggesting that these individual differences

are trait-like, and may reflect some default processing strategy. As

such, it is clear that although global/local processing biases can be

altered, or even manufactured, by altering stimulus and task

parameters, individuals also show a large degree of variation

person to person, and that this variation remains relatively stable

over time. Additionally, these dispositional differences in global/

local bias have been shown to relate to individual differences on

other cognitive tasks, such as the attentional blink [47] which

suggests that not only do individuals vary in their preference for

global or local information, but that this variation influences

performance on other cognitive tasks.

Spatial Frequency and Global/Local Preference
It is clear that global/local processing biases can be altered by a

variety of stimulus and task manipulations, as well as by

manipulating the state of the participant. Additionally, global

and local processing have been shown to influence performance on

a variety of other non-global/local tasks, particularly tasks of face

processing, presumably by biasing an individual’s global/local

disposition in the direction of the attended global or local level.

Global/local processing has also been linked to spatial frequency,

such that low spatial frequencies are linked to global processing

and high spatial frequencies to local processing [17]. Specifically,

global stimuli have been found to carry contain mainly low spatial

frequency information, whereas local stimuli carry mainly high

spatial frequency information [17,48,49]. Additionally, Shulman,

Sullivan, Gish, and Sakoda [48] showed that adapting participants

to low spatial frequencies aided the detection of global figures,

whereas adapting participants to high spatial frequencies aided the

detection of local figures (although participants as a whole were

faster to respond to the global figures, regardless of the

adaptation). This suggests that global/local and spatial frequency

may be related to the same underlying mechanism, and that low

and high spatial frequencies can facilitate perception of, and

attention to, global and local forms respectively.

However, some researchers hypothesize that spatial frequency is

related to, but distinct from, global/local processing, and that the

spatial frequencies of the global/local stimuli, rather than the

‘‘globalness’’ or ‘‘localness’’ itself, might be contributing to effects

such as those reported above [17]. For example, Hills and Lewis

[50] showed that there was a large decrement in face recognition

accuracy after the repeated presentation of local Navon trials, and

that faces that were presented with only the high spatial frequency

information intact were more difficult to identify, supporting the

idea that a local processing bias reduces face recognition accuracy,

whereas a global processing bias enhances face recognition

accuracy. However, they also showed that when the Navon

stimuli were blurred, or were of low contrast, this recognition

deficit disappeared. Furthermore, they demonstrated that there is

no recognition deficit for high-pass filtered faces if they are

preceded by global Navon trials. This suggests that spatial

frequency and global/local do not necessarily share the same

underlying mechanism, and that adaptation to spatial frequencies

and contrast, rather than ‘‘local-ness’’ or ‘‘global-ness’’, lead to the

differences in face recognition accuracy following the presentation

of global/local Navon stimuli. In addition, Dale and Arnell [45]

showed that while individual differences in tendency to use high or

low spatial frequency information, and global/local bias in a

hierarchical shape task were both highly reliable individual

difference measures across 1 week, performance on these two

tasks was unrelated. The tendency to use high or low spatial

frequency information was also unrelated to global interference on

the Navon letter task. This suggests again that the tendency to use

low versus high spatial frequencies and the tendency to attend to

the global versus local level do not come from a common source,

and that global/local preference may not be influenced by spatial

frequency in the manner that is often assumed.

The Current Study
To our knowledge, no study has yet examined whether

exposure to global/local or high/low spatial frequency stimuli

can temporarily alter an individual’s dispositional global/local

response bias (i.e., can viewing low spatial frequency information

make one temporarily more global, or can viewing high spatial

frequency information make one more local?). As such, the central

purpose of the current study was to examine, through five different

experiments, whether individual differences in dispositional

global/local bias can also be temporarily altered through exposing

participants to high/low spatial frequency information, and Navon

letters. If attending to high spatial frequencies can bias subsequent

processing to be local, and/or attending to low spatial frequencies

can bias subsequent processing to be global, then we will have

found a simple and efficient way to modulate global/local bias.

However, if separate mechanisms underlie the preference to use

low versus high spatial frequency information and global/local

preference, as suggested by Hills and Lewis [50], and Dale and

Dispositional Global/Local Bias Resistant to Change
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Arnell [45], then exposure to specific spatial frequency informa-

tion may be unable to alter global/local preference.

In order to manipulate spatial frequency in Experiments 1 and

2, we used two types of stimuli that, when attended, have

previously been shown to influence performance on non-global/

local tasks; presumably via changes in global/local processing bias.

These stimuli are high/low spatial frequency faces (Experiments

1a and b) and high/low spatial frequency gratings (Experiments 1a

and b). Dispositional biases were measured using a hierarchical

shape task (Experiments 1a and 2a), and a Navon letter task

(Experiments 1b and 2b) as in Dale and Arnell [49]. In addition,

we used classic Navon stimuli (Experiment 3) to manipulate

dispositional global/local bias and spatial frequency use, as

measured by a hierarchical shape task and a dispositional high/

low spatial frequency face task as in Dale and Arnell [49] (see

Table 1 for a break-down).

Introduction: Experiment 1a and 1b

Experiment 1a and 1b were designed to examine whether

exposure to high/low spatial frequency faces can alter dispositional

global/local biases as measured by a hierarchical shape task

(Experiment 1a) and a Navon letter task (Experiment 1b). Spatial

frequency faces were chosen for the manipulation task because,

unlike traditional global/local measures, the high/low SF faces

allow us to present participants with either the global or the local

level in isolation. This makes them a particularly appropriate tool

for biasing perceptual breadth given that these stimuli do not

expose participants to both global/local levels at once. Two

different dispositional measures were used in order to examine

pre/post manipulation biases, both for a well-established measure

of global/local processing bias (i.e., Navon letters in Experiment

1b), as well as a highly reliable measure of global/local bias (i.e.,

hierarchical shapes in Experiment 1a). To examine the flexibility

of dispositional global/local biases, participants were induced into

both a global and a local state in two different blocks

(counterbalanced). The dispositional measures were administered

before and after the manipulation task in both blocks in order to

examine post-manipulation differences in global/local bias.

Methods: Experiment 1a and 1b

Ethics Statement
In this, and all following experiments, participants provided

written consent before participating. This research was approved

by the Brock University Research Ethics Board (REB approval

code 08-045).

Participants
A total of 86 Brock University undergraduate student volunteers

participated in Experiment 1 for extra course credit: 46

participants (5 males) for Experiment 1a and 40 participants (3

males) for Experiment 1b. The participants ranged in age from 18

to 26 years (M = 19.7, SD = 2.2). All of the participants in this

experiment, and in the following experiments, reported normal or

corrected-to-normal vision and having learned English before the

age of 8. All experiments were conducted one-on-one with each

participant, and took approximately one hour to complete.

Apparatus
The computerized tasks in all of the experiments reported

herein were presented using a Dell dual core desktop computer

with a 17 inch CRT monitor, and were programmed and

controlled using E-Prime software (Psychology Software Tools

Inc.). The participants made responses via manual button-press on

the computer keyboard.

Stimuli and Design
Dispositional Task for Experiment 1a: Global/Local

Shapes. Participants in Experiment 1a completed the global/

local shape dispositional task, which was used to assess

Table 1. Manipulation tasks, dispositional tasks, and ANOVA results for each experiment.

Experiment Manipulation Dispositional Main Effect Pre/Post Main Effect SF Interaction

1a High/Low Faces Paper Shape F(1, 44) = 2.66 F(1, 44) = 0.26 F(1, 44) = 0.15

p = .11 p = .61 p = .70

gr
2 = .06 gr

2,.01 gr
2,.01

1b High/Low Faces Navon Letters F(1, 38) = 1.48 F(1, 38) = 0.18 F(1, 38) = 0.22

p = .23 p = .67 p = .64

gr
2 = .04 gr

2,.01 gr
2,.01

2a Hi/Low Gratings Paper Shape F(1, 43) = 0.43 F(1, 43) = 0.65 F(1, 43) = 0.30

p = .52 p = .42 p = .58

gr
2 = .01 gr

2 = .01 gr
2 = .01

2b Hi/Low Gratings Navon Letters F(1, 38) = 4.97 F(1, 38) = 0.60 F(1, 38) = 3.48

p = .03 p = .44 p = .07

gr
2 = .12 gr

2 = .02 gr
2 = .08

3 Navon Letters Paper Shape F(1, 22) = 0.01 F(1, 22) = 0.01 F(1, 22) = 0.09

p = .92 p = .97 p = .76

gr
2,.01 gr

2,.01 gr
2,.01

Faces F(1, 22) = 0.71 F(1, 22) = 0.09 F(1, 22) = 2.34

p = .41 p = .77 p = .14

gr
2 = .03 gr

2,.01 gr
2 = .10

doi:10.1371/journal.pone.0098625.t001

Dispositional Global/Local Bias Resistant to Change

PLOS ONE | www.plosone.org 4 July 2014 | Volume 9 | Issue 7 | e98625



participants’ degree of global or local bias, before and after each

manipulation. For this paper-and-pencil task, participants were

presented with a booklet that contained global/local shape triads

adapted from Kimchi and Palmer [6] and Fredrickson and

Branigan [4]. The shape triads were composed of three different

hierarchical shapes that were arranged with a standard shape on

top, and two comparison shapes on the bottom (see Figure 2a).

The participants were instructed to quickly circle the comparison

shape that they felt best matched the standard shape for each of

the triads. The participants were asked to complete this task as

quickly as possible, and were told to use their first instinct when

selecting the comparison shape.

The task contained 8 test triads and 16 filler triads that were

intermixed, for a total of 24 triads. The hierarchical shapes in each

test triad consisted of 3–4 small (565 mm) square or triangle

shapes (local level) that formed a larger (15615 mm) square or

triangle (global level). For the test triads both comparison figures

matched the standard figure, but one matched at the global level

(i.e., the overall shape outline matched the standard), and one

matched at the local level (i.e., the smaller, detailed shape matched

the standard), counterbalanced for presentation location. The

hierarchical shapes in each filler triad were comprised of 3–4 small

(565 mm) circles, squares, triangles, or crosses (local level) that

formed a larger (15615 mm) square or triangle (global level). For

the filler triads, one of the comparison figures matched the

standard shape at the global or local level, and the other did not

match either level of the standard (location counterbalanced).

In order to obtain an index of global bias, the total number of

test triads in which the global comparison shape was selected was

calculated for each participant. This yielded a global score out of

8, where scores above 4 indicated a global bias, a score of 4

indicated a lack of preference for either the global or the local

level, and scores below 4 indicated a local bias. Filler triads had

only one correct response; therefore they were not used as an

index of global/local bias.

Dispositional Task for Experiment 1b: Navon Letter

Task. Participants in Experiment 1b completed a Navon letter

dispositional measure of global/local bias before and after each

manipulation. Navon stimuli were created in Adobe Photoshop,

and consisted of large, global letters constructed of smaller letters

(e.g., an H made out of T’s) (see Figure 1). The global letters

(60645 mm) were 10 times as large as the smaller local letters

(664.5 mm), and it took roughly 10 local letters to make up a

single global letter. A total of four different Navon letters were

created, half of which were congruent (i.e., global T’s made of

local T’s and global H’s made of local H’s), and half of which were

incongruent (global T’s made of local H’s and global H’s made of

local T’s). All of the letters were presented in black New Courier

font on a white background, and the viewing distance was

approximately 55 cm unrestrained.

Each trial began with a 500 ms central fixation cross, after

which a single Navon stimulus was presented in the center of the

computer screen for 15 ms. After the letter was presented, a blank

response screen was displayed. Global and local trials were

presented in alternating blocks, with 24 trials in each of 4 blocks

for a total of 96 trials. Participants were required to quickly report

either the identity of the smaller letters (local trials) or the identity

of the large letter (global trials) by pressing the corresponding key

on the keyboard. Participants were urged to respond as quickly

and as accurately as possible. Response time (RT) was recorded.

The letter combinations were randomly presented within each

block, and each letter was presented 6 times within each block. All

participants began with the global block.

RTs for incorrect trials and RTs that fell outside three standard

deviations from the mean per condition per participant were

removed. Global interference scores were then calculated for each

participant by examining the degree to which global features on

the local incongruent trials interfered with RT (local incongruent

RT – local congruent RT). High, positive global interference

scores suggest a global processing bias, whereas low or negative

global interference scores suggest either no global bias, or a local

processing bias.

Manipulation Task: High/Low Spatial Frequency

Faces. Whereas the participants from Experiments 1a and 1b

completed different dispositional global/local tasks, both groups of

participants completed the same manipulation task. In this task,

participants were presented with high spatial frequency (HSF) and

low spatial frequency (LSF) filtered faces. Twenty-one male and 21

female normed young adult faces with neutral expressions were

obtained from The Center for Vital Longevity Face Database

[51], and all of the models signed release forms consenting to the

use of their image in publication The faces were cropped,

converted to grayscale, and were pasted onto a 4806480 pixel

dark grey background so that they subtended approximately 16u of

visual angle with an unrestrained viewing distance of approxi-

mately 55 cm. A 2156275 pixel dark grey frame occluder was

placed over each face to obscure the hair and ears. High and low

spatial frequency faces were then constructed in Adobe Photoshop

using these faces. High spatial frequency faces were constructed by

using a high-pass filter in Photoshop, and contained only spatial

frequencies higher than 6 cycles/degree of visual angle (i.e. a

radius of 1.5 pixels). Low spatial frequency faces were constructed

by using a Gaussian blur in Photoshop, and contained only spatial

frequencies lower than 2 cycles/degree of visual angle (i.e. a radius

Figure 2. Sample stimuli from the dispositional and manipulation global/local tasks. (a) Sample stimuli from the dispositional global/local
shape task. The test triad on the left contains both a global and a local option, whereas the filler triad on the right has only one possible answer, and
was not used to measure global/local processing. (b) Sample stimuli from the global/local face manipulation task. A HSF (local) face on the left side
and a LSF (global) face on the right.
doi:10.1371/journal.pone.0098625.g002
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of 4.5 pixels) (see Figure 2b). As each face was made into both a

high and a low spatial frequency face, a total of 42 HSF and 42

LSF faces were created.

Each trial began with a 500 ms blank grey screen, after which

either a high or a low spatial frequency face (depending on the

experimental block) appeared in the center of the screen.

Participants were asked to indicate whether the face was male or

female by pressing the corresponding key on the keyboard (‘‘F’’ for

female; ‘‘H’’ for male). The faces remained on the screen until the

participant made a response, and participants were encouraged to

respond as quickly as possible. Each participant performed a block

of 496 high spatial frequency trials presented in random order,

and a separate block of 496 low spatial frequency trials presented

in random order, and each block took approximately 15 minutes

to complete. An equal number of male and female faces were

shown for each spatial frequency block. Accuracy was recorded to

ensure that participants were performing the task appropriately.

Procedure
Both Experiment 1a and 1b consisted of two experimental

blocks: a high spatial frequency (local) manipulation block and a

low spatial frequency (global) manipulation block, the order of

which was counterbalanced across participants. Each block began

with the administration of the either the global/local shape task

(Experiment 1a) or the Navon letter task (Experiment 1b) in order

to obtain a pre-manipulation measure of each participant’s

dispositional global/local bias. Participants from both experiments

then completed the faces manipulation task with either the high or

low spatial frequency stimuli. After completion of the first

manipulation task, participants completed a second version of

the dispositional global/local task, in order for us to examine any

post-manipulation changes in global/local bias. Participants were

then required to take a 5-minute break, during which they

completed a maze task which was designed to reduce carryover

effects from one block to the next [52]. After the break, they

completed the second experimental block which, like the first

block, included a pre and post-test dispositional global/local task,

and a manipulation task with the opposite spatial frequency to that

used in the first block.

Analyses
For Experiments 1ab and 2ab, data for each of the dispositional

tasks were first analyzed using a mixed-model ANOVA where

high/low spatial frequency block and pre/post manipulation were

within participants factors, and block order was a between

participant factor. In all cases, there were no main effects or

interactions with block order, and the data were collapsed across

this factor. In order to examine whether repeated exposure to high

and low spatial frequency faces or gratings could influence

dispositional global/local bias scores, these scores were entered

into a 262 repeated measures ANOVA with high/low spatial

frequency and pre/post manipulation as factors. Note that

successful biasing of dispositional global/local bias scores in the

direction of the manipulation would result in an interaction where

post-manipulation global scores would become more global after

the low spatial frequency exposure, and less global after the high

spatial frequency exposure. The results of these ANOVAs are

summarized in Table 1 for each experiment.

Results: Experiment 1a and 1b

Experiment 1a
For the face manipulation task, mean gender discrimination

accuracy was .80 (SD = .06) for the high spatial frequency

condition and .85 (SD = .07) for the low spatial frequency

condition, indicating that participants were performing the task

as instructed.

The mean global scores on the hierarchical shape task are

shown in Figure 3a as a function of high/low spatial frequency and

pre/post manipulation. A repeated measures ANOVA showed

that there was no main effect of pre/post or manipulation

frequency, and no significant interaction between frequency and

pre/post, indicating that the global shape scores were not

influenced by the manipulation tasks (see Table 1). Indeed,

planned comparisons showed no significant pre-to-post change in

global shape scores when using high or low spatial frequency faces

as a manipulation, t(45) = 20.84, p = .41, d = 2.06 and t(45) =

21.31, p = .20, d = 2.14 respectively.

Experiment 1b
For the face manipulation task, mean gender discrimination

accuracy was .86 (SD = .07) for the high spatial frequency

condition and .88 (SD = .06) for the low spatial frequency

condition, indicating that participants were performing the task

as instructed.

The means for the Navon letter task are presented in Figure

3bc. When 2 (congruency) X 2 (attend global/local) ANOVAs

were performed for each combination of pre/post and spatial

frequency manipulation, all main effects and interactions were

significant (all p’s,.001), demonstrating the expected global

precedence effect in each administration of the task.

A 2 (high/low spatial frequency) X 2 (pre/post) ANOVA was

performed on the global interference scores (see Figure 3d). The

results showed no significant main effect of pre/post or manip-

ulation frequency, and no interaction between these two variables

(see Table 1). Additionally, planned comparisons showed no

significant difference between pre- and post-manipulation scores

for either the high spatial frequency block, t(39) = .87, p = .39,

d = .19, or for the low spatial frequency block, t(39) = .54, p = .59,

d = .09. Importantly, if we examine local, rather than global,

interference, we find no significant main effect of either

manipulation frequency or pre/post (all p’s..91), and no

interaction between frequency and pre/post (p = .47). Additionally,

if we instead examine overall global and local RT, rather than the

interference measure used here, we find no significant interactions

among manipulation frequency, stimulus level (global/local), and

pre/post manipulation RT (all p’s..10). Therefore, these findings

are not due to using an interference measure, rather than an

overall RT measure.

Pre/Post Correlations
Importantly, the global scores on the hierarchical shape task

were not simply random, but appeared to be reliable measures of

an individual’s global bias over time. Indeed, Experiment 1a pre-

and post-manipulation global shape scores correlated .86 and .72

for the high and low spatial frequency manipulation conditions

respectively, indicating that the global score on the hierarchical

shape task is a reliable measure of dispositional global/local bias

and that individual differences are stable within a single test

session. The Navon letter task scores in Experiment 1b, however,

were less reliable such that pre-and post-manipulation global

interference scores for the low spatial frequency condition were

significantly correlated at .44, whereas the correlation between

pre/post interference scores for the high spatial frequency

condition was not significant (r = .09).

Dispositional Global/Local Bias Resistant to Change
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Discussion: Experiment 1a and 1b

In this experiment, we were unable to effectively manipulate

individuals’ global/local processing, as measured by the global

shape task (Experiment 1a), and the Navon letter task (Experiment

1b), by exposing participants to high/low spatial frequency faces.

This suggests that dispositional global/local biases may be resistant

to very recent exposure to spatial frequency information.

However, it is possible that the face manipulation task itself was

not appropriate for evoking change in attentional breadth.

Although participants were required to view high and low spatial

frequency faces, they were not necessarily required to focus on the

frequency information itself in order to make a face-gender

judgment. As such, this may have prevented the participants from

being adapted to the high and low spatial frequency during this

task. Therefore, we conducted Experiment 2a and b in which

participants were presented with a more ‘‘pure’’ spatial frequency

task where they were required to view high/low spatial frequency

gratings. In this task, participants are required to direct their

attention to the gratings themselves, and make judgments about

the orientation of the lines within the gratings. This requires the

participants to use, and adapt to, the spatial frequency for each

condition in order to actually perform the task.

Methods: Experiment 2a and 2b

Participants
A total of 84 Brock University undergraduate student volunteers

participated in Experiment 2 for extra course credit: 45

participants (11 males) for Experiment 2a, and 39 participants (5

males) for Experiment 2b. The participants ranged in age from 18

to 25 years (M = 19.3, SD = 1.75).

Stimuli and Design
The participants in Experiment 2a completed the same

dispositional task as in Experiment 1a (i.e., the global/local shape

task), whereas the participants in Experiment 2b completed the

same dispositional task as in Experiment 1b (i.e., the Navon letter

task). For the manipulation task, however, participants from both

Experiment 2a and 2b completed a high/low spatial frequency

grating task.

Manipulation Task: High/Low Spatial Frequency

Gratings. Participants in Experiment 2a and 2b completed a

manipulation task in which they were presented with high and low

spatial frequency gratings. The gratings were created using online

software developed by Sebastiaan Mathôt [53]. All of the grating

stimuli were 4806480 pixels in size, were presented at 100%

contrast, and subtended approximately 6.6u of visual angle with an

unrestrained viewing distance of approximately 55 cm. The

Figure 3. Experiment 1a and b pattern of means. (a) Experiment 1a mean pre- and post-manipulation global shape task scores as a function of
manipulation frequency (HSF or LSF faces). (b) Experiment 1b mean RTs on the Navon letter task, as a function of pre- and post-manipulation,
stimulus level (global or local), and target congruency in the HSF condition and (c) in the LSF manipulation condition. (d) Experiment 1b mean pre-
and post-manipulation global Navon interference scores as a function of viewing LSF or HSF faces in the manipulation task. Error bars in this and all
other figures represent the standard error for each condition mean.
doi:10.1371/journal.pone.0098625.g003
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gratings were either 7.2 cycles/degree (10 pixels/cycle) for the

high spatial frequency gratings, or .76 cycles/degree (1 pixel/cycle)

for the low spatial frequency gratings. The gratings were tilted in 1

of 6 orientations: 10u (slight right), 45u (moderate right), 80u
(extreme right), 280u (extreme left), 315u (moderate left), or 350u
(slight left) (see Figure 4). Therefore, there were 6 high spatial

frequency and 6 low spatial frequency gratings generated for a

total of 12 gratings.

Each trial began with a 500 ms blank gray screen, after which

either a high or low spatial frequency grating (depending on the

experimental block) appeared in the center of the screen.

Participants were required to indicate the direction in which the

bars were leaning by pressing one of 6 labeled keys on the

keyboard (3 = extreme left, 4 = moderate left, 5 = slight left, 7 =

slight right, 8 = moderate right, and 9 = extreme right). The

gratings remained on the screen until the participant made a

response, and the participants were encouraged to respond as

quickly and as accurately as possible. The high and low spatial

frequency grating blocks each contained 300 trials presented in

random order, and took approximately 10 minutes to complete.

Accuracy on this task was measured to ensure that participants

were performing the task as instructed.

Procedure
The procedure for Experiment 2 was the same as in Experiment

1, with the exception that participants now completed the high/

low spatial frequency grating manipulation task, rather than the

face manipulation task used in Experiment 1ab.

Results: Experiment 2a and 2b

Experiment 2a
Mean orientation discrimination accuracy for the high spatial

frequency grating manipulation task was .77 (SD = .23), and the

mean accuracy for the low spatial frequency grating manipulation

task was .81 (SD = .22), indicating that participants were attending

to the gratings during the manipulation task.

The mean global shape scores are presented in Figure 5a as a

function of high/low spatial frequency and pre/post manipulation.

As with Experiment 1a, a repeated measures ANOVA showed no

main effect of manipulation frequency or pre/post, and no

significant interaction between these variables (see Table 1).

Planned comparisons showed no significant difference in global

shape scores from pre- to post-manipulation when using high or

low spatial frequency gratings as a manipulation, t(43) = 20.62,

p = .54, d = 2.06, and t(43) = 0, p = 1.0, d = 0 respectively.

Experiment 2b
Mean orientation discrimination accuracy for the high spatial

frequency grating manipulation task was .85 (SD = .13), and the

mean accuracy for the low spatial frequency grating manipulation

task was .88 (SD = .09), indicating that participants were attending

to the gratings during the manipulation task.

The means for the Navon task are presented in Figure 5b and c.

When 2 (congruency) X 2 (attend global/local) ANOVAs were

performed for each combination of pre/post and spatial frequency

manipulation, all main effects and interactions were significant (all

p’s,.004), demonstrating the expected global precedence effect in

each administration of the task.

A 2 (HSF/LSF) X 2 (pre/post) ANOVA was performed on the

global interference scores (see Figure 5d). The results again showed

no significant main effect of manipulation frequency, but there was

a significant main effect of pre/post, such that post-manipulation

interference scores were lower than pre-manipulation interference

scores. In addition, the interaction approached significance and

the means showed the predicted pattern of effects (see Table 1).

Finally, planned comparison showed no significant difference

between pre- and post-manipulation scores in the low spatial

frequency block, t(38) = 2.01, p = .99, d = 2.002, but there was a

significant difference between the pre- and post-manipulation

scores in the high spatial frequency block, t(38) = 2.92, p = .006,

d = .50. As with Experiment 1, if we instead examine local, rather

than global, interference, we find no significant main effect of

either manipulation frequency or pre/post (all p’s..37), and no

interaction between frequency and pre/post (p = .54). However, if

raw global and local RT scores are instead used, there was a

significant interaction between stimulus level and pre/post

(p = .03), but importantly there were no significant interactions

between manipulation frequency and pre/post, frequency and

stimulus level, or a three-way interaction (all p’s..52). Therefore,

these findings are not due to using an interference measure, rather

than an overall RT measure.

Measures of global precedence (i.e., the difference between

global and local interference) were also obtained and examined. In

both Experiment 1b and 2b, the same pattern of results was found

whether using global interference scores or global precedence

scores. However, as global precedence is calculated as the

difference score of two difference scores, and is thus less reliable,

it is not as clear whether the inability to manipulate these scores is

because they are stable, or if it is simply because there is too much

measurement error. As such, these findings are not presented here.

Pre/Post Correlations
Finally, we examined the correlation between the pre-and post-

manipulation scores for each of the dispositional tasks, for each

manipulation condition. The mean correlation between the pre-

and post-manipulation global shape scores in Experiment 2a was

.72 for the high spatial frequency condition, and .86 for the low

spatial frequency condition. This shows a high degree of

correspondence between the global shape scores before and after

each manipulation, indicating that this task is a reliable measure of

global bias. In Experiment 2b, while the global interference scores

were moderately and significantly correlated for the HSF

condition (r = .35), they were not significantly correlated for the

LSF condition (r = .23). These correlations for both tasks

approximate the reliability scores found by Dale & Arnell [45]

for these tasks across 1 week, suggesting that the pre/post

correlations were not inflated by participants remembering the

responses they gave in the pretest and using them again in the

post-test.

Figure 4. Sample stimuli from the SF grating manipulation
task. The grating on the left is a LSF (global) grating with a 350u tilt,
whereas the one on the right is a HSF (local) grating with a 45u tilt.
doi:10.1371/journal.pone.0098625.g004
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Discussion: Experiment 2a and 2b

As with Experiment 1, we were again unable to successfully alter

global/local biases, as measured by the global shape task

(Experiment 2a) and the Navon letter task (Experiment 2b), by

exposing individuals to high/low SF gratings. Therefore, it can be

concluded that, when assessed by a dispositional shape task or

Navon letters, dispositional global/local bias is resistant to

exposure to very recent spatial frequency information, at least

when using high/low spatial frequency faces and gratings as

manipulation tools.

We did, however, find a significant difference in the pre-post-

manipulation global interference scores for the high spatial

frequency manipulation condition in Experiment 2b, accompa-

nied by the numerically opposite pattern for the low spatial

frequency condition, although with no significant interaction. One

possible explanation for why this pre/post difference was found in

only this experiment is that there may be more potential to show a

change in dispositional global/local processing with the Navon

letter task than with the shape task, given that global interference

on the Navon letter task is less of a reliable trait variable than

global scores in the shape task. Indeed, this speculation would fit

with the results of Dale and Arnell [45] who showed high

correlations in individual global shape scores across more than a

week (r = .80), but lower, albeit significant, correlations for the

Navon letter task across more than a week (r’s of .27 to .31).

Additionally, when we examine the differences in the magnitude of

global versus local interference in the Navon task, we find that

there is an overall global precedence effect, such that participants

were more biased toward the global than the local information (p,

.004). As such, one possible explanation the finding that the HSF

manipulation was more easily able to alter dispositional biases as

compared to the LSF manipulation, because people were already

quite global to begin with, and had less room to become even

more global after the low spatial frequency manipulation.

However, this explanation suggests that Navon scores should also

have been influenced by exposure to high/low spatial frequencies

in the HSF condition of Experiment 1b, but the interaction

between pre/post and manipulation frequency did not approach

significance, nor did the difference in pre-post global interference

on the Navon task.

It is clear from these findings that dispositional global/local

biases are difficult to alter when using high/low spatial frequency

stimuli as a manipulation tool. One potential limitation of the

above findings, however, is that the global/local manipulations

were all completed within-subjects, such that we attempted to bias

participants into both a global and a local state. Despite finding no

consistent effects of block order, it is possible that carryover effects

from the within design somewhat limited our ability to alter

dispositional global/local bias. As such, we conducted a third

Figure 5. Experiment 2a and b pattern of means. (a) Experiment 2a mean pre- and post-manipulation global shape task scores as a function of
viewing LSF or HSF gratings in the manipulation task. (b) Experiment 2b mean RTs on the Navon task, as a function of pre- and post-manipulation,
stimulus level (global or local), and target congruency in the HSF condition and (c) in the LSF manipulation condition. (d) Experiment 2b mean pre-
and post-manipulation global Navon interference scores as a function of viewing LSF or HSF gratings in the manipulation task.
doi:10.1371/journal.pone.0098625.g005
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experiment using a between-subjects design, such that some

participants were biased with local stimuli and some with global.

Additionally, while the main purpose of this study was to

determine whether exposure to high/low spatial frequency

information could alter dispositional biases, many previous studies

(e.g., [27,34–36]) have used traditional Navon letters to bias

participants, rather than the face or grating tasks previously

employed in our experiments. As such, it is possible that our

inability to influence dispositional global/local biases is the result

of using SF manipulations, rather than being due to the fact that

global/local biases are resistant to change by any global/local

measure. Indeed, while SF appears to be related to global/local

processing, and may facilitate global/local processing, there is

evidence to suggest that they do not share the same underlying

mechanism [45,50]. Therefore, we used traditional Navon letter

stimuli, rather than faces or gratings, as our manipulation task for

Experiment 3. Finally, we included the high/low spatial frequency

face task previously used in Dale and Arnell [45], adapted from

Deruelle et al. [46] as a dispositional measure of low/high spatial

frequency bias, allowing us to examine whether attending to global

or local levels could influence subsequent spatial frequency use.

Methods: Experiment 3

Participants
Twenty-four (2 male) Brock University student volunteers

participated in this experiment for extra course credit. Participants

were randomly assigned to either the global manipulation group

(N = 12) or the local manipulation group (N = 12). Participants

ranged in age from 18 to 22 years (M = 19.9, SD = 1.2).

Stimuli and Design
Dispositional Tasks: Shapes and Faces. All participants

completed the same dispositional shape task used in Experiment

1a and 2a. In addition, participants completed a second

dispositional task that used high/low spatial frequency face stimuli.

The high and low spatial frequency faces used in the

Experiment 1 manipulation task were used to create high/low

hybrid faces for the dispositional face task. These hybrid faces were

created by taking the high spatial frequency version of one face

and superimposing it over the low spatial frequency version of

another face (matched for gender). Each face contributed high

spatial frequency information to one hybrid face, and low spatial

frequency information to another hybrid face, thus a total of 42

hybrid faces were constructed.

Each trial began with a 1000 ms blank screen, after which a

hybrid face appeared for 300 ms in the center of the screen. The

hybrid face was then replaced with the two original (unfiltered)

faces that had comprised the hybrid face (i.e., the face that

contributed the high spatial frequency information, and the face

that contributed the low spatial frequency information). One of the

unfiltered faces was presented on the left side of the screen, and

one on the right (counterbalanced). Participants were instructed to

indicate which unfiltered face best matched the hybrid face by

pressing the corresponding key on the keyboard. The unfiltered

faces remained on the screen until the participant made a

response, and participants were encouraged to go with their first

instinct and to not over-think their response. There were a total of

42 trials presented in random order, and the task took

approximately 5 minutes to complete.

In order to calculate dispositional global/local bias, we totaled

the number of trials out of 42 in which the participant chose the

unfiltered face that had contributed low spatial frequency (global)

information to the hybrid. This total represented an index of each

participant’s dispositional global bias, such that high global face

scores indicated a global processing bias, and low global face

scores indicated a local processing bias.

Manipulation Task: Global or Local Navon Letters. The

Navon letter manipulation task was adapted from the traditional

Navon interference task described in Experiment 1b and 2b.

Navon stimuli were again created in Adobe Photoshop, but they

were created differently depending on whether they were to be

used in the global or local manipulation condition. For the global

manipulation condition, the global letters (35625 mm) were 10

times as large as the local letters (3.562.5 mm), and it took roughly

20 local letters to make up a single global letter. This resulted in

dense, small Navon letters that were globally salient. Conversely,

the letters for the local manipulation condition consisted of global

letters (65645 mm) that were 10 times as large as the local letters

(6.564.5 mm). Approximately 9–12 local letters were used to

make up each global letter, resulting in very sparse, large stimuli

that were locally salient. A total of six different Navon letters

(made of H’s, T’s, and F’s) were created for each manipulation

task, all of which were incongruent. All of the letters were

presented in black New Courier font on a white background, and

the viewing distance was approximately 55 cm unrestrained.

For the global manipulation task, each trial began with a

1000 ms fixation cross, after which a single Navon letter appeared

in the center of the screen for 15 ms. The letter then disappeared

and was replaced with a blank response screen. Participants were

asked to indicate what the large, global letter was as quickly as

possible by pressing the corresponding key on the keyboard (‘‘H’’,

‘‘T’’, or ‘‘F’’). The letters were presented in a random order, and

each letter was presented 80 times for a total of 480 trials. RT and

accuracy were recorded to ensure that participants were complet-

ing the task appropriately and were following directions.

The local Navon manipulation task was very similar, with the

following exceptions. First, the stimuli were presented on the

screen for 175 ms, rather than 15 ms, in order to give the

participants the chance to better view the local letters. Second,

participants in this group were asked to indicate what the small,

local letters were, rather than the global letters.

Procedure
At the beginning of the experiment, all participants completed

the shape and face dispositional tasks, in order to provide us with

an estimate of their pre-manipulation dispositional bias. They then

completed one 480 trial block of either the global or the local

manipulation task (depending on the group to which they had

been assigned). After the first manipulation block, all participants

completed a post-manipulation dispositional shape task. Next,

participants completed a second 480-trial block of either the global

or local manipulation task (reporting the same level as in the first

manipulation block). Finally, participants completed a post-test

dispositional face task.

Results: Experiment 3

For the local manipulation group, mean accuracy for the first

manipulation block was .96 (SD = .04) and accuracy for the second

manipulation block was .96 (SD = .04). For the global manipula-

tion group, mean accuracy for the first manipulation block was .96

(SD = .04) and accuracy for the second manipulation block was .96

(SD = .03).Therefore, the participants were performing the manip-

ulation task as instructed, and with little difficulty.

The means from the dispositional tasks are presented in

Figure 6a (global shape scores) and Figure 6b (global face scores)

as a function of pre/post and the assigned Navon level during the

Dispositional Global/Local Bias Resistant to Change

PLOS ONE | www.plosone.org 10 July 2014 | Volume 9 | Issue 7 | e98625



manipulation task. For each of the dispositional tasks, a 262 mixed

model ANOVA was conducted with pre/post manipulation task as

a within participants factor, and local/global level as a between

participants variable. For the global shape task, results showed no

significant main effect of either pre/post manipulation or local/

global level, and no interaction between pre/post and local/global

(see Table 1). Planned comparisons using paired-samples t-tests

showed no significant difference between pre- and post-manipu-

lation global shape scores for the local level, t(11) = .46, p = .66,

d = .06, or the global level, t(11) = .11, p = .91, d = 2.03.

For the face task, the ANOVA results again showed no

significant main effect for pre/post manipulation or local/global

level, and no interaction (see Table 1). Indeed, although the p-

value for the interaction approached significance (p = .14), the

pattern of means was the opposite of the predicted direction.

There was no significant difference between pre- and post-

manipulation face scores for the local level, t(11) = .53, p = .61,

d = 2.09, or the global level, t(11) = 1.57, p = .15, d = .39. Overall,

it is clear that the manipulation task did not significantly alter

dispositional global bias as measured by the shape or face tasks.

Finally, the correlations between pre- and post-manipulation

scores on the shape and face tasks were examined. For the local

group, pre- and post-manipulation shape task scores were

correlated .90, whereas pre and post face task scores correlated

.81. The correlations between pre- and post-manipulation scores

were smaller in the global group, such that the shape task scores

were correlated .47, and the face task scores correlated .66.

Discussion: Experiment 3

The purpose of Experiment 3 was to rule out the possibility that

the findings from the previous two experiments were simply due to

the within-subjects design that we had employed. Additionally, we

were also interested in seeing if the use of traditional Navon letters

could affect change in global/local bias, as the previous

manipulation tasks (faces and gratings) presented the participant

with high/low SF information, rather than hierarchical stimuli.

However, we were still unable to find a change from pre- to post-

manipulation in either the global or the local manipulation group

in this experiment. We have now shown the same pattern of null

results using hierarchical shapes/faces/Navon letter tasks as

dispositional global/local bias measures, and when using faces/

gratings/Navon letters as manipulation tasks. This shows that our

non-significant results are unlikely to be due to the type of

dispositional measure, or the type of manipulation. This again

suggests that dispositional global/local biases are stable and

resistant to change, and that the null findings were not simply due

to using spatial frequency manipulations.

General Discussion

It is well documented that global/local performance can be

altered through the use of task or stimulus manipulations (e.g.,

[9,10,12]), or through the use of an external, non-global/local task

(e.g., [3–5,25]). The purpose of the present study was to investigate

whether dispositional biases could be changed by exposing

individuals to high/low spatial frequencies (Experiments 1ab and

2ab), or global/local forms (Experiment 3).

Through a series of 5 experiments, we measured dispositional

global/local bias with a hierarchical forced-choice shape task

(Experiments 1a, 2a, and 3), a traditional Navon letter task

(Experiments 1b and 2b), and a high/low spatial frequency face

task (Experiment 3). To manipulate global/local biases, we used

high/low spatial frequency faces (Experiment 1), high/low spatial

frequency gratings (Experiment 2), and Navon stimuli (Experiment

3). In 4 of 5 experiments we were unable to show significant

differences in global bias following a manipulation. In general, the

results suggest that dispositional global/local biases are stable

across time, and resistant to recent exposure to high or low spatial

frequency information.

Although we were unable to influence dispositional global/local

biases in almost all of the attempts, we did find significant

differences in global scores following the manipulation task in

Experiment 2b. In Experiment 2b there was a significant

difference in pre- to post-manipulation Navon global interference

scores following the high spatial frequency grating manipulation

(but not the low spatial frequency), and the interaction between

pre/post and manipulation frequency approached significance for

the Navon task. Although Experiment 2b provides rather weak

evidence that Navon interference scores can be modulated by

previous viewing of high/low spatial frequency gratings, if the

finding is indeed real, why did the predicted pattern appear for

only this one experiment? One consideration is that in this

experiment we used the traditional Navon letter task as a

dispositional measure. Previous research has shown that although

the dispositional face and shape global/local tasks used here are

remarkably stable over time (test-retest correlations of .70 or

greater from two sessions held over one week apart), and are good

individual differences measures, the Navon task is a much less

reliable measure with test re-test correlations approximating .30

[45]. As such, it is possible that the Navon task is more open to

transient state influences, and therefore was better able to capture

pre-to-post manipulation changes in dispositional biases, whereas

Figure 6. Experiment 3 pattern of means. (a) Experiment 3 mean
pre- and post-manipulation global shape task scores as a function of
Navon task manipulation group (global or local). (b) Experiment 3 mean
pre- and post-manipulation global face scores as a function of Navon
task manipulation group (global or local).
doi:10.1371/journal.pone.0098625.g006
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the forced choice face and shape tasks may be better measures of

stable trait-like biases. Indeed, much of the work showing that

global/local bias can be modulated has used Navon stimuli. For

example, RTs on the Navon task can be altered by having

participants perform simple tasks, such as estimating distances [24]

or navigating obstacles in a maze [25]. Navon RTs can also be

altered by inducing participants into an affective state that is high

in approach motivation [3]. As such, the Navon task may capture

more flexible global/local states, and this may partially explain

why we were unable to show an effect of SF manipulation in most

of our experiments. However, this pattern of results was not found

for Experiment 1b, which used the same dispositional Navon

measure. In addition, induced positive [4]and negative [5] affect

has been shown to modulate scores on the hierarchical shape task

used here, which shows that it is not just Navon performance that

can be modulated. As such, it may be that there are generalized

attentional processes that are unrelated to global/local per se, but

that sometimes lead to small global/local-induced biases that are

both difficulty to observe, and that are influenced by small

experimental differences and nuances. As such, it is possible that

the significant effect in Experiment 2b was found by chance and is

not necessarily meaningful.

The primary purpose of the current experiment was to examine

whether exposure to high and low spatial frequencies could alter

dispositional global/local bias, thus 2 out of the 3 manipulation

tasks used in this experiment were spatial frequency tasks. Spatial

frequencies have been linked to global/local processing [49], but

they are not necessarily global or local in and of themselves [54].

Indeed, Lamb and Yund [55] showed that the removal of low SFs

can slow global processing, but does not eliminate global biases,

nor does it affect the ability to switch attention from global to local

forms. As such, although the face and grating manipulations have

been used to influence performance on other tasks that have been

linked to global/local processing (such as face identification), and

high or low spatial frequency information in a given stimulus can

facilitate global or local processing for that stimulus, the present

results provide evidence that consistent exposure to information of

high or low spatial frequency is not sufficient to alter subsequent

global/local biases. This result may suggest that the mechanisms

that underlie spatial frequency bias and global/local bias are

independent, which supports the findings of Hills and Lewis [50].

Indeed, further evidence for the independence comes from the

finding that manipulating participants with actual global/local

stimuli in Experiment 3 did not alter their spatial frequency use in

the hybrid face task. Furthermore, we found no effect on global/

local bias in the hierarchical shape task when we exposed

participants to global and local Navon letters in Experiment 3,

suggesting that the processes underlying these two different global/

local measures may also be independent. These suggestions are

supported by a recent study showing that although the three

dispositional measures used here (Navon letter interference,

hierarchical shape choice, high/low SF face choice) are reliable

over time, they are uncorrelated with each other, suggesting that

they measure unique aspects of global/local processing [45].

Trying to manipulate global/local biases with a completely

different type of task may not have been effective here because

global/local biases that are measured by the hierarchical shape

task may be immune to changes from the other tasks, as they are

not tapping into the same aspect of global/local processing. As

such, it might be more useful to examine whether dispositional

biases can be manipulated by using the same stimuli for both the

manipulation and to assess dispositional biases. Indeed, level-

repetition effects in the literature show that individuals are faster to

identify global/local information if they have recently completed

trials that were presented at the same global/local level (e.g., faster

RTs on global trials if the previous trial was also global; see [13–

15]). Additionally, Lewis et al. [19] showed that face recognition

was enhanced if the same type of Navon task (either globally- or

locally-directed) was presented at both the learning and the

retrieval face recognition stage, but impaired if there was a

mismatch at encoding and retrieval. As such, dispositional biases

on the Navon letter task might be more easily manipulated by

presenting participants repeatedly with global or local Navon

letters.

Ultimately, more research is needed to understand the exact

nature of dispositional global/local biases, but these findings

suggest that they are relatively immune to changes from exposure

to high/low spatial frequencies and other global/local stimuli. A

few studies have shown that attention to local or global levels of

Navon stimuli can influence face recognition ability, where face

recognition ability is better after attending to global levels than to

local levels (e.g., [34,35]). The present results suggest that such

findings are unlikely to result from attention to global levels

enhancing use of low spatial frequency information or from

attention to local levels enhancing use of high spatial frequency

information.

Conclusions

In this paper we presented 5 different experiments that

examined whether dispositional global/local biases could be

altered by exposing participants to high/low spatial frequency

information (Experiments 1ab and 2ab) or global/local Navon

letters (Experiment 3). We used multiple measures of dispositional

global/local bias (i.e., shapes, Navon letters, and faces,), and a

variety of manipulation tasks (i.e., high/low spatial frequency

faces, gratings, and Navon stimuli). Ultimately, we were unable to

show the predicted pattern of significant changes from pre-to-post

manipulation on the dispositional measures in 4 of 5 attempts, and

showed significant weak for the other one. These findings provide

evidence that global/local processing biases are relatively resistant

to recent exposure to high or low spatial frequency information.

Furthermore, consistent with previous results [45,50], the present

results provide further evidence for the independence of the

mechanisms that underlie spatial frequency bias and global/local

bias.
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